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Carotid artery wall stiffness is increased in patients
with small vessel disease: A case-control study
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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 BSl 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

Correspondence to:

Aleksandra M. PAVLOVIC
Neurology Clinic

Clinical Center of Serbia

Dr Suboti¢a 6, 11000 Belgrade
Serbia
aleksandra3003@yahoo.com

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, x> 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).

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

Number of patients (%)
Characteristics SVD group | Control group | p-value
(n=30) (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 el p-value
group
IMT (mm) 1.07+0.21* 0.91+0.25% | 0.0093*
Carotid stenosis 18.3+20.3% 10.7£18.7%| 0.134
Echogenicin 10, Echogenic
Plaque quality echolucentin 4, in7, mixed | 0.339
mixed in 2 in1
Beta-index 7.2+2.2% 5.3+1.0* | <0.0001*

#mean + SD; * statistical significance p<0.05
SVD - small vessel disease; IMT - intima-media thickness

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 stift-
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
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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
intermediate 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
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the problem of methodological differences between stud-
ies [16]. Since our study had cross-sectional design and in-
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veloping symptomatic SVD could alter primary prevention
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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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Uspcroha 3upaa KapoTuaHe aptepumje je noBehaHa kog ocoba ca 6onewhy manux
KPBHUX CyZ,0Ba MO3ra: aHAMHeCTUYKa CTyAuja

[Jennca CanuxoBuh Xajpapesuh', Anekcangpa M. Masnosuh??, Lleget Cmajnosuh', AHa Mogropau??, 3aropka JoBaHosuh??,
Tamapa LLBabuh Meheposuh3, Hagexaa Yonukosuh LtepHuh?3
'Operbetbe Heyponoruje, YHIBEP3UTETCKI KNMHNYKM LieHTap, Ty3na, BocHa n XepLerosuHa;

*YHusep3uTet y beorpagy, MegnunHcku dakyntet, beorpag, Cpbuja;
*Heyponoluka KnuHuKa, Knuunuku ueHtap Cpbuje, beorpag, Cpbuja

KPATAK CAZIPXKA)

YBog bonect manux KpeHux cygosa (BMKC) mosra gosoan go
NaKyHapHVX MHbapKTa 1 X1nepuHTeH3uTeTa 6ene mace Ha mar-
HEeTHOj pe3oHaHuwju (MP) mo3ra. OBo je nporpecrBHa 6onect
yIopy»eHa c nosehaHUM pr3nMKOM ofi MOXIaHOT yaapa, AeMeH-
umje n cmptu. MosehaHa uBpcToha 3uaa apTepuja yapy»eHa
je ca ncxemmjcknm moxgaHum yaapom n bBMKC He3zaBMCHO of,
IOpYrux BackKynapHux ¢paktopa pusmka.

v papa Linms ctyauje je 6vo ga ce aHanvsmpa uBpctoha 3u-
[a apTepuja kog 6onecHrKa ca cumntomatckom BMKC.
Metopae paga Y cTyauju npeceka ykibydyeHo je 30 6onecHuKa
C KnuHnYkum n MP gokasuma BMKC 1 30 KOHTpORHMX Ucnu-
TaHMKa 6e3 HeyposOLIKOr 060/bera YNapeHuX Nno rogMHama,
nony 1 pakToprma prsmka. bonecHuum cy eBanyupaHu y Yn-
Tpa3By4YHOM KabuHeTy KnuHuke 3a Heyponorujy KnuHuukor
ueHTpa Cpbuje y Beorpamy Tokom Tpu Mmeceua (og 1. centembpa
1o 1. geuembpa 2012). 3anucnBaHu Cy 0OCHOBHe femorpadcke
KapaKTepuCTuKe 1 BacKynapHu daktopm pusmka. CBu 6one-
CHVLWY CY MOABPrHYTW CTaHAAPLHOM KapOTVAHOM YNTpasByy-
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HOM Nperneay ca Meperbem MHTUMa-MEeAVjanHOr KOMMIeKca
(UMT) n aHanm3om aTepomckmx nnakosa. YspcTtoha 3uga yHy-
Tpalltbe KapoTHAHE apTepuje NpoLeteHa je Kopuihemem
onuuje enekTpoHcKkor npahetba (T3B. e-tracking onumja) Kao
BpeaHoOCTM 6eTa nHaekca uspctohe (BCH).

Pesyntati Hucy youeHe pasnuke namehy rpynay nornegy cre-
NeHa KapoTuAHe CTeHO3e 1 BPCTe KapoTuAHOr niaka (p>0,05).
Wcnutanuuym BMKC rpyne umanm cy ctatucTiykiy 3HadajHo Behy
npoceyHy BpeaHocT UMT (p=0,0093) n BCU (p<0,0001) Hero nc-
NUTaHNL KOHTPOJTHe rpyne. Huje yTBpheHa cTaTucTnyKiy 3Ha-
yajHa kopenauuja namehy VMT n BCY y BMKC rpynu (r=0,168;
p=0,376). TexkmHa ne3uja 6ene mace je 6una y Kopenaumjm ca
BCWU (r=0,733; p<0,0001).

3akmyuak YspcToha 3vpaa aptepuja je nosehaHa Kog 6one-
CHUKa ca cumnToMuma obosberba BMKC He3aBUCHO of BacKy-
napHux GakTopa pu3suka n BenuuvHe VIMT.

KrbyuHe peuun: KapoTuaHa apTepuja; UHTUMa—MeAMja KoM-
nnekc; yspcroha aptepuje; 6eta MHAEKC
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