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Abstract

Clinical Significance of Vertebral Artery Stenosis

Yo Han Jung

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Ji Hoe Heo)

Background

Infarctions occurring in the territory of the vestebasilar artery (VBA) account for
20%~25% of all infarctions. Vertebral artery (VARBosis has been implicated in
up to 20% of ischemic strokes of the VBA territokyherosclerosis at the origin of
the VA is most common in the VBA. However, patteofstroke, and outcomes in

patients with occlusive lesions in the origin of A have not been well studied.

Objectives
We investigated the demographic and imaging chariatits of infarctions in

patients with the stenosis of the VBA, especiallthatorigin of the VA.

Methods

Patients with acute ischemic stroke in the VBA wengewed. We included patients
registered in the Yonsei Stroke Registry betwedsrdagy 1999 and April 2008 who
underwent digital subtraction angiography (DSA}ié¢tds were divided into four

groups based on the location of lesions.
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Results

Of 225 patients, 115 patients (51.1%) had stenodle VA. The VA origin (V1)
was the most common location for stenotic lesidispatients, 31.1%). In patients
with stenosis at V1, age, history of previous strakumber of vascular risk factors
and erythrocyte sedimentation rate were signifigarigher than those in other
groups (p<0.05). The most common anatomic locaifdnfarctions was the pons
(26.1%, 85 of 326 lesions), followed by the cerktvdiemisphere (20.9%, 68 of
326 lesions). Of 350 arterial lesions from 225 gyatk, the anteromedial branch of
the basilar artery was most commonly involved (22.38o0f 350), followed by the
posterior inferior cerebellar artery (20.9%, 73860). Stroke severity was not

different among the groups.

Conclusions

In this study, based on DSA selection criteria Wés the most common stenotic
lesion site in patients with infarction of the VBé&riory. V1 stenosis was
associated with an increased number of vasculafactors and concomitant

atherosclerosis in other vessels.

Key words: Vertebral artery, cerebral infarction, atherosclerosis
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Yo Han Jung

Department of Medicine
The Graduate School, Yonsei University

Directed by Professor Ji Hoe Heo

I. INTRODUCTION

Infarctions occurring in the territory of the veatebasilar artery (VBA) account for
20% - 25% of all infarction$,” and have a high mortality rateStenosis of the
vertebral artery (VA) has been implicated in u@8% of ischemic strokes of the

VBA territory.*

The origin of the VA is the most common site of eatisclerosis in the VBA
systent > ® However, patterns of stroke, clinical featuresj antcomes in patients
with occlusive lesions of the origin of the VA hamet been thoroughly studied,
mainly because previous studies were based onitldengs of autopsy reports or
magnetic resonance angiography (MRAJ. MRA has limitation in accurate
visualization of the origin of the VAAlthough conventional angiography is the
gold standard for the diagnosis of the origin o8 MA as well as other cerebral
arteries, few studies have investigated demograpdnicl imaging related to lesions

of the origin of the VA based on conventional aggaphic studie$.’



This study was aimed at verifying the clinical sfggance of stenosis at the VA,
especially at its origin, using data from patienteowinderwent digital-subtraction

angiography (DSA).

II. SUBJECTS AND METHODS

1. Patients

Consecutive patients with acute ischemic strokdiwi? days of onset, who were
admitted to the Severance hospital, Yonsei Unitierand who were registered in
the Yonsei Stroke Registry (YSR) between Febru®&99land April 2008 were
considered for this study. The YSR is the prospediivspital-based acute ischemic
stroke registry that has been running since Oct@bes ™ Patients were included if
they had an ischemic stroke in the territory swgaplby the VBA and its branch
arteries and had undergone DSA. Patients with @gandbolism (CE), other causes
of stroke, transient ischemic attack (TIA), or caséing infarctions involving both

the carotid and VBA territories were excluded.

2. Categorization of patients

Enrolled patients were divided into 4 groups: GrdupPatients with isolated
stenosis at the origin of the VA; Group 2, patiewtth combined stenosis at the
origin of the VA and the other portions of the M@roup 3, patients with stenosis in
the VBA other than the origin of the VA; Group 4tients with no relevant arterial

lesion in the VBA.



3. Definition of risk factors
Hypertension was defined when a patient had higilodlpressure recordings

(systolic>140 mm Hg or diastoliz90 mm Hg) or when a patient had been treated
with antihypertensive medications. Diabetes meilitas diagnosed when a patient
had a high fasting plasma glucose vakie fnmol/L) or had been treated with oral
hypoglycemic agents or insulin. Hypercholesterofemias defined as a high lipid
profiles (fasting serum total cholesterol lewd.2 mmol/L, LDL-cholesterol >4.1
mmol/L) or a history of lipid-lowering drugs aftebeing diagnosed as
hypercholesterolemia. Patients were regarded akess\d they smoked within the
three-month period prior to admission. History @épous stroke included old
ischemic strokes, and history of ischemic heartealie included myocardial
infarction, unstable angina, coronary artery anigisty or stent, and coronary artery

bypass graft surgery.

4. Arterial status and involved arterial territory

Any abnormalities in arterial segments and brantbrias were determined at a
weekly stroke conference based on a neuroradidl®geport and the consensus of
stroke specialists, and the data were enteredhetdY SR. The VA was divided into

the V1 (segment of the VA that begins at its origid passes into the neck and
enters the transverse foramen of C6), the V2 (segtmat ascends through the
transverse foramen from C6 to C2), the V3 (segnibat exits the transverse
foramen of C2, winds around C1 posteriorly in &uous manner, and enters the
dura at the foramen magnum), and V4 (segment #gihb at the foramen magnum

and unites with the contralateral VA to form thesitar artery) segments.*? The
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basilar artery was divided into proximal or digbalrtion at the site of the anterior
inferior cerebella artery (AICA) origin. The degrekstenosis was measured in any
segment with a lesion based on the North AmericgmpBomatic Carotid
Endarterectomy Trial (NASCET) methdtiStenosis was defined when the artery
showed any degree of stenosis. The determinatiantefial territory involved was

based on predetermined templdte$:

5. Severity of Stroke
The clinical severity of stroke was assessed atissilom and discharge using the

National Institutes of Health Stroke Scale (NIHSSunctional outcomes were

assessed at discharge using a modified Rankia §TditS).

6. Statistical Analysis
Statistical analysis was performed with SPSS 180Mfindows statistical software

(SPSS Inc). The chi-square test was performedrfigsctabulation. Student’s t-test
and one-way ANOVA were performed to compare diffiees between the groups.

Statistical significance was set at p<0.05.

lll. RESULTS

There were 1,138 patients with ischemic stroke ha WBA territory. After
excluding CE (233 patients), other causes of st{@Kepatients), and co-existing
infarctions in the carotid and VBA territories (@atients), 225 patients, all of

whom had undergone DSA, were finally enrolled is 8tudy (Figure 1).



VBA infarction in YSR

1138 patients Exclusion : 332 patients
CE : 233
¥ Carotid, VBA combined : 62
(Fetal type PCA 6 )
l l SOD - 37
DSA not done DSA done
581 patients 225 patients
Final enroll
225 patients
Group 1 Group 2 Group 3 Group 4
32 patients 38 patients 117 patients 38 patients

Figure 1. Flow diagram showing patients selectiofCE; cardioembolism, DSA; digital
subtraction angiography, PCA; posterior cerebrtrgy VBA; vertebrobasilar artery, SOD;
stroke of other determined etiology).

1. Demographic characteristics
Patients with DSA were younger than those withanj more men than women

had DSA. A comparison of patients with DSA to thagi¢hout, did not show a
significant difference in the severity of infarctigNIHSS at admission, difference
between NIHSS at admission and discharge, or mRSpatients with DSA,
hypercholesterolemia was more common, and the numbeisk factors was

greater (Table 1).

Patients with stenosis at V1 (70 patients) wereemltlad a higher frequency of
previous stroke history, and high erythrocyte seditation rate values, when
comparing with the group 3 and 4 (p<0.05) (TableT)ere were no significant
differences in the severity of stroke among theugso The number of risk factors

was significantly higher in group 2 than in otheogps (p=0.013).



Table 1. Comparison of demographics between patientwith digital subtraction
angiography and those without

Group DSA (n=225) non DSA (n=581) Total (n=806) p-value
Men/wormer s (o 2m(oon)  o3@edw) 000
Age, mean(SD), Yy 61.5 + 10.9 64.8+ 11.1 63.9+ 11.1 <0.001
Severity of cerebral infarction’
NIHSS at admission 35+ 4.2 34+ 43 34+ 43 0.713
NIHSS at discharge 22+ 31 27+ 50 26+ 45 0.091
dNIHSS -13+ 26 -0.6+ 3.6 -0.8+ 3.3 0.053
mRS 15+ 13 15+ 13 15+ 13 0.881
Vascular risk factors’
Hypertension 183 (81.3%) 439 (75.6%) 622 (77.2%) 080.
Diabetes mellitus 98 (43.6%) 261 (44.9%) 359 (49.5%  0.726
Hypercholesterolemia 29 (12.9%) 19 (3.3%) 48 (6.0%) <0.001
Smoking 100 (44.4%) 238 (41.0%) 338 (41.9%) 0.369
Myocardial infarction 1 (0.4%) 3 (0.5%) 4 (0.5%) 0.896
Previous stroke 42 (18.7%) 89 (15.3%) 131 (16.3%) .248
Metabolic syndrome 43 (19.1%) 106 (18.2%) 149 (9.5 0.776
No. of risk factors 2.3 2 21 0.013
Laboratory results’
hsCRP 9.1 6.9 7.6 0.45
ESR 15.3 17.1 16.6 0.244
Glucose (mg/dL) 151.6 155.7 154.6 0.502
Total-C (mg/dL) 185.1 185.1 183.4 0.495
LDL-C (mg/dL) 73.7 65.6 68.2 0.17
TG (mg/dL) 147.8 143.2 144.5 0.528
HDL-C (mg/dL) 40.8 435 42.8 0.008
WBC 8839 8298 8448 0.036
PT (INR) 0.93 0.94 0.93 0.953
PTT 30.4 31.3 311 0.084

Values are mean + SD or number (percentage) aémuati

* by chi-square test, T by one-way ANOVA test

ESR, erythrocyte sedimentation rate; HDL-C, highdily lipoprotein cholesterol; hsCRP,
high sensitivity C-reactive protein; LDL-C, loweremkity lipoprotein cholesterol; mRS,
modified Rankin score; NIHSS, National Institutetdalth Stroke Scale; TG, triglyceride;
Total-C, total cholesterol; dNIHSSNIHSS at discharge — NIHSS at admission



Table 2. Comparison of baseline clinical charactestics between groups

Group 1 Group 2 Group 3 Group 4

Group (n=32) (n=38) (n=117)  (n=3g) " value
Men/Women 23/9 25/13 84/33 28/10 0.877
Age, mean(SD),Jg/ 659 6318 62+11 56112 0.001
Severity of cerebral
infarction
NIHSS at admission 36+ 43 3.7+ 43 38+ 46 24+ 22 0314
NIHSS at discharge 23+ 3.6 28+ 34 22+ 31 16+ 25 0497
dNIHSS 13+ 50 09+ 21 '1154 * -1064 t0.279
mRS 1.2+ 13 16+ 14 1.7+ 13 11+ 11 0.126
Vascular risk factors”
. 97 26
Hypertension 30 (93.8%) 30 (78.9%) (82.9%) (68.4%) 0.051
Diabetes mellitus 13 (40.6%) 20 (52.6%) (54?2 790) (13?9 sy 0643
Hypercholesterolemia 4 (12.5%) 5 (13.2%) (1174 506) 3 (7.9%) 0.769
Smoking 10 31.3%) 17 (44.7%) ff7 0%%) (1176 oy 0421
Myocardial infarction 0 (0%) 0 (0%) 1 (0.9%) o®M%» 0.819
Previous stroke B(25.0%)  13(342%) (1370  5(132%) 0023
Peripheral vascular disease2 (6.3%) 1 (2.6%) 1 (0.9%) 0 (0%) 0.166
Number of risk factors 2.3 2.6 2.3 18 0.013
Laboratory resultsJr
hsCRP 10.9 8.4 10.5 3.4 0.845
ESR 15 22.1 151 9.7 0.01
Glucose (mg/dL) 141.8 165.4 156.2 132.1 0.105
Total-C (mg/dL) 185.1 184.1 190 171.1 0.202
LDL-C (mg/dL) 52.8 935 79 56.7 0.051
TG (mg/dL) 136.7 155.1 148.7 147.2 0.902
HDL-C (mg/dL) 42.2 39.4 40.9 40.7 0.867

Values are mean + SD or number (percentage) odmuati

* by chi-square test, T by one-way ANOVA test

ESR, erythrocyte sedimentation rate; HDL-C, highngity lipoprotein cholesterol;
hsCRP, high sensitivity C-reactive protein; LDL{Gwer density lipoprotein cholesterol;
mRS, modified Rankin score; NIHSS, National Ingdtwf Health Stroke Scale; TG,
triglyceride; Total-C, total cholesterol

dNIHSS, NIHSS at discharge — NIHSS at admission



2. Arterial lesions
Of 225 patients, 115 (51.1%) had stenosis in the With a V1 stenotic lesion (70

patients, 31.1%) being the most common. Tanderoriesh the VA patients (54.3%,
38 of 70) were found in 38 patients (intracrani@8A/in 25 patients and extracranial
VA in 13 patients). Fourteen patients (6.2%) hadaied stenosis of the V1 without
any lesions in carotid and VBA territories. Stenasfighe V2 or V3 was found in

15.1% (34 patients) and that of the V4 was founii9r6% (44 patients). Stenosis at
the proximal basilar artery was 16.4% (37 patieats) that of the distal basilar
artery was 7.6% (17 patients). Stenosis of theepiostcerebral artery (PCA) was

found in 27 patients (Figure 2).

350

311
200 -
25.0
196
200
164
151
150 -
120
100
7.6
) I
00 - : - - - :
PCA V4 V23 V1

BA distal BA proximal

Figure 2. Distribution of stenosis in the vertebrolsilar arterial system (BA, basilar
artery; PCA, posterior circulation infarction).

3. Anatomic location of the lesions
The most common anatomic location of infarctions wee brainstem (45.4%, 148

of 326 lesions), followed by the cerebellum (26.8%,0f 326 lesions). The pons
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constituted 57.4% of the brainstem lesions (85 48 lesions) and the midbrain
constituted 12.2% (18 of 148 lesions). Among thelgellar lesions, involvement of

the cerebella hemisphere was more common thawothia vermis (Table 3).

Table 3. Anatomic locations of infarctions in the \BA territory

Group 1 Group 2 Group 3 Group 4

Anatomic location Total
(n=32) (n=38) (n=117) (n=38)
Cerebral hemisphere
occipital cortex 5(12.8) 5(9.3) 33 (17.4) 1(2.3) 44 (13.5)
nf:t?gro”ica' white 4 (5 6) 237  9@47) 0(0) 12 (3.7)
Diencephalon
thalamus 4 (10.3) 7 (13.0) 18 (9.5) 6 (14.0) 35710
Brainstem
midbrain 2 (5.1) 4(7.4) 6 (3.2) 6 (14.0) 18 (5.5)
pons 9 (23.1) 17 (31.5) 42 (22.1) 17 (39.5) 851p6.
medulla oblongata 7 (17.9) 8 (14.8) 25 (13.2) 511 45 (13.8)
Cerebellum
hemisphere 9(23.1) 9 (16.7) 44 (23.2) 6 (14.0) (28B9)
vermis 2(5.1) 2(3.7) 13 (6.8) 2 (4.7) 19 (5.8)
Total 39 (100.0) 54 (100.0) 190 (100.0) 43 (100.0) 326 (100.0)

Values are number (percentage) of patients.

There was no heterogeneity among the groups inoamatlocations except the
occipital cortex. In group 1, the anatomic locasionf infarctions included

brainstem (46.2%, 18 of 39), cerebellum (28.2%0f139), diencephalon (17.9%, 7
of 39), and cerebral hemisphere (15.4%, 6 of 38& @natomic locations of group 2
were similar to those of group 1; the brainstem.{%3 29 of 54), cerebellum

(20.4%, 11 of 54), diencephalon and cerebral cait80%, 7 of 54). In contrast to
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the groups 1 and 2, cortical involvement was highegroup 3 (22.1%, 42 of 190)

(p=0.016).

4. Arterial territories involved

Of 350 arterial lesions in 225 patients with infao in the VBA territory, lesions
involving the territory of the anteromedial branchthe basilar artery were most
common, followed by those in the posterior inferderebellar artery (PICA), the
cortical branch of the PCA, the thalamogeniculaterg of the PCA, the lateral

PICA , and the superior cerebellar artery (SCAp{@a).

Among PCA branches or perforators, infarction imirgg the cortical branch of the
PCA (42.2%, 43 of 102) was most common, followed tbg thalamogeniculate
arteries (25.5%, 26 of 102). In group 1, the mashimon arterial territory was the
anteromedial part of the basilar artery (17.1%,f638) and the PICA in the

cerebellum (14.3%, 5 of 35).

Involvement of single arterial territory was morenamon in patients with V1
stenosis than those without V1 stenosis (p<0.0®)uE 3). This was similar to

what was seen in all patients with infarction ie ¥BA territory.
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Table 4. Arterial territories of infarction in the VBA territory

Artery Branches N %

PCA
Polar 4 11
Paramedian 8 23
Thalamogeniculate 26 7.4
Medial posterior choroidal 4 11
Lateral posterior choroidal 5 1.4
splenial 10 2.9
Cortical branches 43 12.3
Perforators in brainstem 2 0.6

Basilar artery

Anteromedial 78 22.3

Anterolateral 17 4.9

Lateral 6 1.7
SCA 29 8.3
AICA 15 4.2
PICA 73 20.9
Anterior spinal artery 5 1.4
Posterior spinal artery 0 0.0
Vertebral artery

Anteromedial 8 2.3

Anterolateral 7 2.0

Lateral 10 2.9
Total 350 100

AICA, anterior inferior cerebella artery; PCA, pesor cerebral artery; PICA, posterior inferior
cerebellar artery; SCA, superior cerebellar artery
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Figure 3. Involvement of single arterial territory between groups.

IV. DISCUSSION

In this study, approximately half of the patientighvinfarctions in the VBA territory,
excluding those with CE or other causes, had stedshe VA, with stenosis at the
origin of the VA being the most common. Althougteyious studies also noted
frequent involvement of the V1 segment among p&iesith infarction in the VBA
territory as in our studiywe found the frequency of the V1 lesion (31.1%)®
higher than that seen in the previous studies $€6%)> * This might be
because we included only patients with DSA, whiesufted in a higher detection
rate of V1 lesions, and we excluded patients wihdE other causes of stenosis,

which increased the relative frequency of athessstic lesions.
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In the present study, V1 stenosis showed signifigdrigher number of risk factors
for ischemic stroke, history of previous stroked asombined atherosclerosis in
other vessels, suggesting that V1 stenosis may lmarker of more widespread

atherosclerotic disease.

We found that the most common anatomic lesion trepts with infarction in the
VBA territory was the paramedian pons, followed bg terebellar hemisphere. In
concert with the anatomic lesion, the anteromegliahch of the basilar artery and
the PICA, which supply the paramedian pons anaénebellum, respectively, were
the most commonly involved arterial territoriesaliprevious study of infarctions in
the VBA territory, which included patients with damembolism, the paramedian
pons of the brainstem was the most commonly inwblsie, followed by the
cerebellum?® These findings were also observed in our study,clhéxcluded
cardioembolic stroke and other causes, suggedtaighe anteromedial branches of
the basilar artery and PICA are the most frequeadlifection site of involvement

for atherothrombotic infarctions in the territorfytbe VBA.

In the present study, when comparing the groups Wit involvement (group 1 and
2) with the group with VBA atherosclerosis withodl stenosis (group 3), we
found that group 3 patients had cortical involvetnefithe PCA territory and
multiple infarctions more frequently. The majoriyPCA territory infarctions have
been suggested to be caused by cardiac or proxiraiial embolismt? These

findings suggest that arterial embolism might m®@mon mechanism of stroke in
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group 3 patients, while V1 lesion might be an irerddoystander in some patients.

We evaluated the stroke severity of infarctionshie VBA territory by using NIHSS
at admission and discharge and using the mRS. Repprognosis of patients with
infarction in the VBA territory is different amorgjudies. Some reported that the
mortality associated with a infarction in the VB@rtitory was 20-30%, which was
significantly greater than that for a carotid clation stroke” *® In contrast, the
mortality was low in another studYyAlthough this study did not compare patients
with stroke in the VBA and the carotid artery, thertality seemed low in patients
with infarction in the VBA territory. Neurologic gerity and outcomes at discharge
were not different between patients with and withdl stenosis in this study.
However, in the New England Medical Center Postefirculation Registry,
severe stenosis of the extracranial VA was assmtiaith a good prognosis, This
discrepancy might be because, in this study, agyegeof stenosis was included in

the V1 stenosis groups.

This study does have some limitations. There waelection bias in this study
because only patients with DSA were enrolled. Tioeeg this study is limited to
show whole features of infarctions in the VBA tary. In addition, in patients with
multiple atherosclerosis of the VBA, the clinicaliglevant artery is uncertain.
Therefore, an exact determination of the lesioation and arterial territory, which

were assessed based on arterial lesion, was limited
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V. CONCLUSION

In our study, V1 was the most common stenotic fedimund in patients with
infarction in the VBA territory. Although V1 stengswas associated with an
increase in the number of vascular risk factors @herosclerosis in other vessels,
patients with V1 stenosis did not show differenge<linical severity, anatomic
location of the infarct lesions, and arterial temies of infarctions involved when

compared with those with stenosis in the VBA otihan V1.
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