
6

Srp Arh Celok Lek. 2016 Jan-Feb;144(1-2):6-9 DOI: 10.2298/SARH1602006S

ОРИГИНАЛНИ РАД / ORIGINAL ARTICLE UDC: 616.831:616.13/.14

Correspondence to:

Aleksandra M. PAVLOVIĆ

Neurology Clinic

Clinical Center of Serbia

Dr Subotića 6, 11000 Belgrade

Serbia

aleksandra3003@yahoo.com

SUMMARY
Introduction Cerebral ischemic small-vessel disease (SVD), causing lacunar infarcts and white matter 
hyperintensities on brain magnetic resonance imaging (MRI), is a progressive disease associated with 
an increased risk of stroke, dementia and death. Increased arterial stiffness has been associated with 
ischemic stroke and cerebral SVD independently of common vascular risk factors.
Objective The aim of the study was to analyze arterial stiffness in our patients with symptomatic SVD.
Methods In a cross-sectional study design we included 30 patients with clinical and MRI evidence of 
cerebral SVD and 30 age-, gender- and risk factor-matched control subjects with no neurological dis-
eases. Patients were evaluated at the Ultrasound Laboratory at the Neurology Clinic, Clinical Center of 
Serbia in Belgrade, during a three-month period (from September 1st to December 1st 2012). Baseline 
demographic and vascular risk factors were recorded. All patients underwent standard carotid ultrasound 
scans with measuring of intima-media thickness (IMT) and analysis of atheromatous plaques. Internal 
carotid artery stiffness was evaluated with the use of e-tracking option as beta stiffness index (BSI) value.
Results There were no differences between study groups in regard to degree of carotid stenosis and type 
of carotid plaques (p>0.05). Patients in SVD group had significantly higher mean IMT (p=0.0093) and mean 
BSI (p<0.0001) than subjects in the control group. No significant correlation was detected between IMT 
and BSI in SVD group (r=0.168; p=0.376). Brain lesions severity correlated with BSI (r=0.733; p<0.0001).
Conclusion Arterial stiffness is increased in symptomatic patients with SVD, independently of vascular 
risk factors and IMT.
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INTRODUCTION

Cerebral ischemic small-vessel disease (SVD), 
causing lacunar infarcts and white matter hy-
perintensities on brain magnetic resonance 
imaging (MRI), is a progressive disease associ-
ated with an increased risk of stroke, dementia 
and death [1]. Aging and arterial hypertension 
have been identified as major risk factors for 
ischemic SVD, but underlying mechanisms are 
not fully elucidated [2]. Recently, increased ar-
terial stiffness has been associated with isch-
emic stroke and cerebral SVD independently of 
common vascular risk factors [3]. E-tracking, a 
new ultrasound software modality, is increas-
ingly used to assess carotid artery distensibil-
ity during cardiac cycle with continuous ECG 
monitoring [4]. Pathological arterial stiffness, 
expressed as a beta stiffness index (BSI) higher 
than 6, has been reported as a marker of early 
atherosclerosis and an indicator of vascular ag-
ing [5, 6].

OBJECTIVE

The aim of the study was to analyze arterial 
stiffness in our population of patients with 
symptomatic cerebral SVD.

METHODS

In a prospective cross-sectional study design 
we included 30 patients with clinical and MRI 
evidence of cerebral SVD and 30 age-, gender- 
and risk factor-matched control subjects with 
no neurological diseases, evaluated at the Ul-
trasound Laboratory at the Neurology Clinic, 
Clinical Center of Serbia in Belgrade, during 
a three-month period (from September 1st to 
December 1st 2012). Baseline demographic 
and vascular risk factors were recorded [7]. 
All patients underwent standard carotid ul-
trasound scans, performed by trained ultraso-
nologists blinded for clinical data, comprising 
color triplex examination of cervical segments 
of carotid and vertebral arteries in a standard 
manner [8]. Degree of carotid stenosis ex-
pressed in percentage of diameter reduction, 
Mannheim criteria for intima-media thickness 
(IMT) and atheromatous plaques analysis were 
performed in all subjects [8, 9]. Carotid artery 
stiffness evaluation was done with the use of 
e-tracking option in a standard manner (probe 
of 7.5 to 14 MHz, Aloka Alpha-10, Hitachi, To-
kyo, Japan) [3, 4], and expressed as mean BSI 
values after two bilateral measurements [10]. 
Artery stiffness is calculated as BSI which is de-
rived from regional diameter and blood pres-
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sure change. Measurements are performed in a standard 
manner, in supine position with head elevation of up to 
45° and side tilt of 30° to the right and then to the left 
[4]. B-mode IMT measurements are done subsequently 
1.5 cm proximally to the flow divider on the distal wall 
of CCA bilaterally in diastole over three to five cardiac 
cycles, systolic and diastolic inter-adventitial excursions 
are noted and results are expressed as arithmetic means 
automatically [4]. Prior to arterial stiffness examination, 
patients are advised to avoid caffeine beverages and have a 
rest period of at least 10 minutes. Severity of lesions attrib-
uted to SVD (confluent white matter lesions and lacunar 
infarctions) was expressed through age-related white mat-
ter changes (ARWMC) score as reported previously [7]. 
The study has been approved by the Ethics Committee of 
the Clinical Center of Serbia.

The results are tabulated. Statistical analysis included a 
description statistics and use of Fisher’s exact probability 
test, χ2 and ANOVA for testing the differences between 
groups. Pearson’s correlation coefficient was determined 
in order to test association between selected variables. The 
value of p<0.05 was considered statistically significant.

RESULTS

Both study groups were comparable in terms of age, gen-
der and common vascular risk factors (Table 1). Hyper-
tension was the most frequent risk factor in both groups, 
followed by hyperlipidemia and active smoking. Mean 
ARWMC score was 10.2±3.7 for the SVD group.

Ultrasound characteristics of both study groups are 
shown in Table 2. No statistically significant difference was 
detected in regard to IMT and beta-index values between 
right and left side in both study groups, so mean values for 
both sides were included in further analysis. Patients with 
SVD had mildly increased IMT compared to normal value, 
while it was normal in control subjects. Also, IMT values 
in the SVD group were significantly higher compared to 
the control group (p=0.0093). Carotid stenosis was mild 
in all participants (<50% diameter reduction) (Table 2). 
Mean carotid stenosis values did not differ between study 
groups (Table 2). No statistically significant difference was 
noted in plaque quality between the SVD and the control 
group, although echolucent plaques were more frequent 
in SVD patients. In the SVD group mean BSI values were 
significantly higher than in the control group (p<0.0001) 
(Table 2).

Analysis of correlation between risk factors and BSI 
showed only statistically significant correlation between 
hypertension and BSI in SVD patients (r=0.560; p=0.0013). 
No other statistically significant correlation was detected 
for any of the risk factors, including age, both in SVD and 
control group.

No statistically significant correlation was detected 
between IMT and beta-index values (r=0.168; p=0.376) 
in the SVD group. However, correlation between severity 
of SVD lesions (ARWMC score) and BSI was excellent 
(r=0.733; p<0.0001).

DISCUSSION

We report results of the first pilot study in our population 
analyzing new ultrasound modality, e-tracking, as a tool to 
evaluate carotid artery wall stiffness. Results of this case-
control study show that carotid artery BSI is significantly 
increased in our symptomatic patients with SVD, indicat-
ing affections of both small and large arteries. Although 
SVD patients typically have mild atherosclerotic changes 
on carotid and other large arteries, there is evidence of 
widespread pathological process of the arterial wall, ex-
pressed both through increased BSI and IMT values. Since 
both large and small artery disease share common vascular 
risk factors, it is still not elucidated why some patients 
dominantly develop one and some another type of vessel 
involvement.

Undoubtedly aging and vascular risk factors contribute 
to changes of arterial elasticity and distensibility [3, 4]. 
As previously reported, hypertension is one of the most 
important risk factors for pathological arterial stiffness, 
which has been shown in our study as well [3-6]. We did 
not detect correlation between age and other risk factors 
with BSI in any of the groups. Assessment of arterial stiff-
ness is increasingly used as an index of hypertension-re-
lated cardiovascular target organ damage and considered 
to be an independent predictor of cardiovascular events 
and cardiovascular mortality in patients with different co-
morbidities and cardiovascular risk [5, 11]. Tsivgoulis et 
al. [12] found that both carotid IMT and increased stiff-
ness were significant predictors of occurrence of ischemic 

Table 1. Demographic characteristics and vascular risk factors in both 
study groups

Characteristics
Number of patients (%)

p-valueSVD group 
(n=30)

Control group 
(n=30)

Age (years) 63.1±12.7* 60.0±13.5* 0.310
Male gender 7 (23.3) 10 (33.3) 0.567
Hypertension 23 (76.7) 18 (60.0) 0.267
Diabetes mellitus 1 (3.3) 2 (6.7) 0.999
Hyperlipidemia 18 (60.0) 14 (46.7) 0.438
Atrial fibrillation 2 (6.7) 1 (3.3) 0.999
Coronary artery disease 7 (23.3) 4 (13.3) 0.506
Peripheral artery disease 0 (0.0) 1 (3.3) 0.999
Smoking 9 (30.0) 13 (43.3) 0.422
Alcoholism 2 (6.7) 4 (13.3) 0.671
Previous TIA 4 (13.3) 2 (6.7) 0.671

* mean ± SD

SVD – small vessel disease; TIA – transient ischemic attack

Table 2. Carotid ultrasound characteristics in both study groups

Characteristics SVD group Control 
group p-value

IMT (mm) 1.07±0.21# 0.91±0.25# 0.0093*
Carotid stenosis 18.3±20.3# 10.7±18.7# 0.134

Plaque quality
Echogenic in 10, 
echolucent in 4, 

mixed in 2

Echogenic 
in 7, mixed 

in 1
0.339

Beta-index 7.2±2.2# 5.3±1.0# <0.0001*
# mean ± SD; * statistical signifi cance p<0.05
SVD – small vessel disease; IMT – intima-media thickness
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stroke, independently of conventional vascular risk factors. 
Also, increased arterial stiffness was associated with stroke 
independently of IMT values [12].

Our findings are in accordance with several previous 
reports. Notably, we found strong correlation between AR-
WMC score expressing severity of brain lesions attributable 
to SVD, and BSI values. Poels et al. [13] found that increased 
aortic wall stiffness in patients with SVD was associated 
with larger white matter lesion volume, but not with lacunar 
infarcts or microbleeds. Similarly, a French study reported 
an association between increased carotid stiffness and larger 
white matter hyper intensity volumes and increasing preva-
lence of lacunar infarcts on MRI scans [14].

Interestingly, we did not find an association between 
IMT and BSI, which has also been reported [12]. This im-
plies different underlying pathological changes, indicating 
that arterial stiffness and atherosclerosis may be secondary 
to independent processes involved in the pathogenesis of 
cerebrovascular disease, but occurring at similar sites in 
the artery. Increased arterial stiffness can be viewed as an 
i ntermediate factor in the causal pathway between the risk 
factors and a stroke. Some authors suggested that genetic 
factors may play important role by contributing to differ-
ences in the structure of connective tissue in the arterial 
wall, which partly determines the arterial stiffness [12, 15].

Singer et al. [16] conducted a systematic review of the ev-
idence associating arterial stiffness with cognitive function 
and cognitive decline with markers of cerebral SVD. They 
concluded that arterial stiffness is associated with cerebral 
SVD and decreased cognitive function but also emphasized 

the problem of methodological differences between stud-
ies [16]. Since our study had cross-sectional design and in-
cluded only SVD patients who already had clinically evident 
symptoms of the disease, it is not possible to determine tem-
poral relationship between changes in arterial stiffness, IMT 
alteration and SVD evolution. Therefore, future research 
should focus on BSI analysis in early, asymptomatic phases 
of SVD. Early selection of patients at particular risk of de-
veloping symptomatic SVD could alter primary prevention 
strategies in highly susceptible subpopulation of patients 
and possibly improve their prognosis.

CONCLUSION

Carotid artery arterial stiffness is altered in symptomatic 
patients with SVD indicating affection of both large and 
small vessels, independently of vascular risk factors and 
increased IMT. With the use of appropriate ultrasound 
software, arterial stiffness can be easily and noninvasively 
assessed. Clinical implications of this finding are yet to be 
determined but may add to understanding of pathogenetic 
processes involved in SVD.
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КРАТАК САДРЖАЈ
Увод Бо лест ма лих крв них су до ва (БМКС) мо зга до во ди до 
ла ку нар них ин фарк та и хи пе рин тен зи те та бе ле ма се на маг-
нет ној ре зо нан ци ји (МР) мо зга. Ово је про гре сив на бо лест 
удру же на с по ве ћа ним ри зи ком од мо жда ног уда ра, де мен-
ци је и смр ти. По ве ћа на чвр сто ћа зи да ар те ри ја удру же на 
је са ис хе миј ским мо жда ним уда ром и БМКС не за ви сно од 
дру гих ва ску лар них фак то ра ри зи ка.
Циљ ра да Циљ сту ди је је био да се ана ли зи ра чвр сто ћа зи-
да ар те ри ја код бо ле сни ка са симп то мат ском БМКС.
Ме то де ра да У сту ди ји пре се ка укљу че но је 30 бо ле сни ка 
с кли нич ким и МР до ка зи ма БМКС и 30 кон трол них ис пи-
та ни ка без не у ро ло шког обо ље ња упа ре них по го ди на ма, 
по лу и фак то ри ма ри зи ка. Бо ле сни ци су ева лу и ра ни у Ул-
тра звуч ном ка би не ту Кли ни ке за не у ро ло ги ју Кли нич ког 
цен тра Ср би је у Бе о гра ду то ком три ме се ца (од 1. сеп тем бра 
до 1. де цем бра 2012). За пи си ва ни су основ не де мо граф ске 
ка рак те ри сти ке и ва ску лар ни фак то ри ри зи ка. Сви бо ле-
сни ци су под врг ну ти стан дард ном ка ро тид ном ул тра звуч-

ном пре гле ду са ме ре њем ин ти ма-ме ди јал ног ком плек са 
(ИМТ) и ана ли зом ате ром ских пла ко ва. Чвр сто ћа зи да уну-
тра шње ка ро тид не ар те ри је про це ње на је ко ри шће њем 
оп ци је елек трон ског пра ће ња (тзв. e-trac king оп ци ја) као 
вредности бе та ин декса чвр сто ће (БСИ).
Ре зул та ти Ни су уоче не раз ли ке из ме ђу гру па у по гле ду сте-
пе на ка ро тид не сте но зе и вр сте ка ро тид ног пла ка (p>0,05). 
Ис пи та ни ци БМКС гру пе има ли су ста ти стич ки зна чај но ве ћу 
про сеч ну вред ност ИМТ (p=0,0093) и БСИ (p<0,0001) не го ис-
пи та ни ци кон трол не гру пе. Ни је утвр ђе на ста ти стич ки зна-
чај на ко ре ла ци ја из ме ђу ИМТ и БСИ у БМКС гру пи (r=0,168; 
p=0,376). Те жи на ле зи ја бе ле ма се је би ла у ко ре ла ци ји са 
БСИ (r=0,733; p<0,0001).
За кљу чак Чвр сто ћа зи да ар те ри ја је по ве ћа на код бо ле-
сни ка са симп то ми ма обо ље ња БМКС не за ви сно од ва ску-
лар них фак то ра ри зи ка и ве ли чи не ИМТ.

Кључ не ре чи: ка ро тид на ар те ри ја; ин ти ма–ме ди ја ком-
плекс; чвр сто ћа ар те ри је; бе та ин декс

Чврстоћа зида каротидне артерије је повећана код особа са болешћу малих 
крвних судова мозга: анамнестичка студија
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