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Abstract

Because of their anatomical localization, vertebral arterieswere neglected inresearch for along period of time.
Vertebral arteries are responsible for about 30% of the brain blood supply. The aim of this study was to analyze the
normal and variable dimensions of the vertebral artery size such as hypoplasia and aplasia, and to emphasize the
clinical importance of these congenital variations. For the purpose of this study we examined radiographs of 30
patients who had CT angiography undertaken for a variety of clinical reasons, performed as a part of their medical
treatment at the University Clinic for Radiology in Skopje, R. Macedonia. We analyzed CT reportsfor the diameter of
thevertebral artery. The diameter of theleft vertebral artery wasfrom 1.6-5.20 mm, average 3.35 mm. The diameter of the
right vertebral artery wasfrom 1.64-5.40 mm, average 3.19 mm. Hypoplasiaof the vessel wasfound infour patients. We
found no aplasia of the vessel in this series. Vertebral artery hypoplasiais common in the Macedonian population and
can bereliably diagnosed on CT scans. Our study has highlighted the clinical significance of vertebral artery hypoplasia

instroke and migraine.
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Introduction

Thebrain normally derivesitsblood supply from
the two internal carotid arteries and the paired vertebral
arteries responsible for about 30% of the brain blood
supply [1]. Vertebral artery is the first and the largest
branch of the subclavian artery arising from the
posterosuperior aspect of its first part, and it is divided
into four segments. The first segment is pre-transverse
segment, the second segment isinter-transverse segment,
the third segment is atlanto-occipital and the fourth
segment isintracranial [2].

Variations of the vertebral arteries have been
described extensively, concerning origin of the vertebral
arteries, level of entrance into the transverse foramen,
tortuosity intheir course, and size of the vertebral arteries.
Different congenital anatomic variations of the vertebral
artery sizeare described in theliterature, such asvertebral
artery hypoplasiaand aplasia[1, 2].

For thefirst time vertebral artery hypoplasiawas
described in the 19" century [3]. Congenital vertebral
artery hypoplasia is an uncommon embryonic variation
of posterior circulation [4]. Given theimportance of these
vascular variations, it is astonishing how little is known
about their clinical relevance[5].

Theaim of this study wasto describe the normal
and variable dimensions of the vertebral artery size such
as hypoplasia and aplasia, and to emphasize the clinical
importance of these congenital variations.

Material and methods

During a6-month period, from February 1% 2010
to July 31% 2010, 30 patientsfrom the University Clinicfor
Radiology in Skopje, R. Macedonia were investigated.
Thiswas an anatomical analysisof CTA imagesrealized
for a medically justified goal. This study included 14
females and 16 males, ranging in age between 19 and 75
years, mean age of 57.8+13.02 years. Patients were

investigated with computed tomography angiography
(CTA). CTA was performed with CT scanner Somatom,
Volume Zoom, Simens, multislice4. Contrast material was
injected by using intravenous catheter placed in a
peripheral vein, atotal of 100 ml. at arate of 3ml/switha
pressureinjector. After the contrast medium wasinjected,
by use of bolus tracking software, scanning was carried
out automatically in one breath. The dataweretransferred
to a workstation for post-processing. Reconstruction
included thefollowing: maximumintensity projection-MIP,
four-dimensional CTA with volumerendering; reformatted
multiplanar reformation-M PR performed through each of
theVA.

We analyzed CT reports for the diameter of the
VA. We made the measurements at three different points.
Thediameter of each vessel was calculated asthe average
of the three measurements. By measuring the average
diameter of the vessel, asymmetry, hypo- or hyperplasia
and aplasiaof the VA can be defined. The criterion for the
VA asymmetry was side-to-side diameter difference of
more than 1 mm. The VA having a larger diameter was
defined asdominant. Thecriteriafor VA hypoplasia(VAH)
were defined asalumen diameter of 2mmor less.

Results

The diameter of VA on the left side was in the
range between 1.60- 5.2 mm, mean 3.33+0.89 mm, and on
theright sdefrom 1.64 - 5.40 mm, mean 3.19+0.98 mm. The
VAson both sideswereequal in diameter in seven (23.3%)
patients. The right VA (RVA) was larger in nine (30%)
patients, and theleft VA (LVA) waslarger thantherightin
14 (46.6%) patients. Hypoplasia of the vessel was found
in 4 (6.67%) patients. In two patients hypoplasiawas on
the right side, in one patient on the left side, and in one
patient we found bilateral hypoplasia of the vessel on the
left and right side. In this study aplasia of the vessel was
not found.
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Table 1. Diameter of thevertebral artery reported intheliterature

Author Right Left
Bartels 3.81+046 mm. 3.88+047mm
Matula 2.2-55mm(4.1mm) 3.3-6.2mm. (5.0mm)
Sastry 157.3mm. (4.09+1.78) 2.0-52mm. (3.06£1.25)
Huzijan 3.37+0.60mm. 3.55+0.61 mm.
Discussion Hypoplasiaof theright vertebral artery wasfound in 8/14

Thetwo VA areusually different in caliber, with
the left being more often larger or dominant [3]. Table 1
presents the results of the VA diameter obtained by
different researchers.

Congenitd variationsin thearrangement and size
of the VA are frequently recognized, ranging from
asymmetry of both VA to severe hypoplasiaor aplasia of
theVA [6]. TheVAsare commonly asymmetric. In 45% of
peopletheLVA islarger, in 21% the RVA islarger, and in
24%thearteriesare of equal size[7]. Thestudy conducted
by Karayenbuehel and Yasargil in 1957 demonstrated that
VA had different diametersin 74% of the population, a
dominant LVA in 42%, and adominant RVA in 32% of the
population. In 26% of the patients VA had equal diameters
[3]. Touboul et a. found adominant LVVA in 24 out of 50
cases (48%), and theright in 7 out of 50 cases (14%) [8].

The percentage of VAH isin the range between 2
and 20% in the reportsfrom different countries[9]. Up to
now, there has been no agreement concerning the
definition of VAH, although several have been proposed
by some authors. However, the vessel caliber criteriaused
to diagnose VA hypoplasia remain a matter of debate.
Operational definitions of VAH in a pathoanatomical ??
vary between diameters of lessthan 2 tolessthan 3mm or
an asymmetry ratio of equal or greater than 1:1.7. Matula
et al, Sastry et al, Touboul et al, Buckenham et a, defined
VAH asdiameter <3mm |2, 8, 10, 11]. Study conducted by
Chen et al, Szarazovaet a reported that aVA diameter d”
2.5mmisanideal valueto define VAH [12, 13]. Jeng et a
defined cut-off point for vertebral artery hypoplasia to
<2.2mm[14]. Most of the studies conducted by different
authors consider thevalueof d” 2 mm asacut off diameter
for hypoplasia[6, 9, 15, 16, 17].

Thereported frequency of VAH isdependent on
the definition used for VAH. In the study conducted by
Matulaet al, ahypoplastic artery diameter < 3.5 mmwas
found in 16 (6.96 %) cases. Eleven (4.78%) cases of
hypoplasiawerefound on theright side and five (2.17%)
caseson theleft side. Aplasiaof the vessel was not found
in the study [2].

Sastry et a defined value of < 3.5 mm in five
cases (three on the right and two on the left side) or in
13.16% VA wasfound to be hypoplastic [10].

Jeng et a found thefrequency of vertebral artery
hypoplasiato be 11.6% in 447 subjects. Vertebral artery
hypoplasia was present on the right side in 7.8% and on
theleft sidein 3.8% [14].

Investigationsfor VAH conducted by L ovrencic-
Huzijan et a showed vertebral artery hypoplasiain 14
persons; 2.34% prevalence in the general population.

8

personsand hypoplasiaof theleft vertebral artery in 6/14

[15].

Karayenbuehel and Yasargil reported VAH in 25
(6.2%) casesonthe RVA, in 18 (4.5%) casesonthe LVA,
andin 3 (0.75%) caseshilateral hypoplasiaof theVA[3].

VA diameters described by other authors arein
agreement with the measurements we made. In our study
the diameter of the VA waslarger on the left side than on
the right side, but with no statistical significance. We
decided that the best cut off diameter for definition of
VAH isd” 2 mm. VAH was found in four cases (6.67%),
oneontheleft and two on theright side. Wefound bilateral
hypoplasia of the VAsin one patient.

Clinical significance of the vertebral artery
hypoplasia

Theclinical relevance and hemodynamicimpact
of vertebral artery hypoplasia have been under debate
[18]. Traditionally, most physicians have regarded an
asymmetric VA as a congenital variant or a clinicaly
meaningless finding. The absence of vertebrobasilar
insufficiency symptoms among people with vertebral
artery hypoplasia indicates that even marked vertebral
artery asymmetry isanormal variation, and hasled to an
underestimation of theincidence and clinical relevance of
vertebral artery hypoplasia[19]. Although the importance
of vascular variations in the vertebrobasilar system, in
particular, VAH, iswell recognized, itsclinical relevanceis
unclear. However, recent studies have regarded that VAH
is associated with different clinical symptoms such as
posterior circulation stroke, migrainewith aura, vestibular
evoked myogenic potentials, etc [20, 21].

Association between vertebral artery
hypoplasia and stroke

Strokeistheleading cause of death and disability
worldwide, especially in the industrialized countries[5].
Approximately one-third of acute cases have a fatal
outcome [7]. Keeping this in mind, investigation of
vertebral arteries is important since 15% of al strokes
occur intheir irrigation territory [9]. Nevertheless, vertebral
hypoplasia as a possible risk factor for pathology,
particularly of stroke in the vertebrobasilar circulation
territory, hasreceived little emphasis.

Perren et al investigated 725 first-ever stroke
patients, 247 had posterior circulation strokes and 478
strokes in other territories. They showed that vertebral
artery hypoplasia was predominant on the right side and
was diagnosed in 32 patients of posterior circulation
strokes as opposed to only 22 patients with strokes in
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other territories (13% vs. 4.6%). The distribution of all
other risk factors as hypertension, hyperlipidemia,
diabetes, smoking were comparable. They concluded that
vertebral artery hypoplasia may be predisposed to
posterior circulation stroke[5].

Park et al investigated the frequency and clinical
relevance of HVA in 529 stroke patients (303 anterior
circulation strokes and 226 posterior circulation stroke)
and in 306 normal healthy people. Vertebral artery
hypoplasia was detected in 186 (35.2%) patients, in 102
(19.3%) ontheright side, in 66 (12.5%) ontheleft sideand
in 18 (3.4%) bilaterally among 529 patients with stroke.
When classified by strokelocation, patientswith posterior
circulation stroke (45.6%) showed more significant
frequency of vertebral artery hypoplasia than those with
anterior circulation stroke (27.1%) and normal healthy
people (26.5%). The frequency of hypoplastic vertebral
arteriesin the normal healthy peoplewassimilar tothat in
patients with anterior circulation stroke. In terms of
demographic features, risk factors, and laboratory findings,
there were no significant differences[6].

Chuang et al examined 158 patients with
hemispheric ischemic strokes and 33 patients with
brainstem/cerebellum ischemic strokes which were
confirmed with MRI. The diagnosis of vertebral artery
hypoplasiawas established with MRI in 22 patients. The
incidence of VAH with brainstem/cerebellar ischemic
strokes was 72.72% which was significantly higher than
the 2.53% of hemispheric ischemic stroke patients and
the 2.09% of the control group [4].

Szarovaet a performed CTA or MRA to confirm
thevertebral artery hypoplasiaand the site of ischemiain
44 patients with posterior circulation stroke; 9 (20%)
patients had a hypoplastic vertebral artery and 35 (80%)
patients were without VAH. The frequency of other risk
factors such as hypertension, diabetes mellitus and
smoking did not differ. The current data on thistopic show
that there is a tendency of coincidence of posterior
circulation stroke and the presence of vertebral artery
hypoplasia[12].

Why does size matter and how the smaller artery
are susceptible to occlusion? Size alone cannot be
explained because many intracranial arteries are smaller
than the hypoplastic arteries and they are not predisposed
to occlude. Aninteraction between blood pressure, blood
constituents and the rheology and physics of blood flow
at variousarterial locations might affect arterial occlusion.
The HVA, which shows lower mean flow volume and
decreased flow velocities, seems to be more susceptible
to prothrombotic or atheroscl erotic processesthan normal
or dominant VAs. Therefore, it is postulated that a HVA
canresultintheipsilateral occlusion of thisvessel dueto
adirect decrease in blood flow and easy collapse of the
vessel caused by the smaller VA caliber. The HVA may
further contribute to posterior circulation strokes, if
additional risk factors such as hypertension, diabetesexist
[22].

Association between vertebral artery
hypoplasia and migraine

There are many theories concerning migraine
pathogenesis.  The extent and direction of cerebral
blood flow changes (if any) during migraine attacks
without auraare still amatter of debate [23].

Lovrencic et al examined the extracranial part of
VA in 59 migraine patients (17 with and 42 without aura)
using color Doppler. Inmigrainewith aura, 29% of patients
had hypoplasia of at least one VA, 23% had hypoplastic
right and 6 left vertebral artery. In migraine without aura
hypoplasia was found in 7% of patients and 8% of
controls, which iswithin the common range of hypoplasia
ratio in the healthy population [24].

Chuang et d reviewed therecords of 250 migraine
outpatients; the incidence of VAH in patients who had
migrainewith aurawas 28.26%. Theincidence of VAH in
patients who had migraine with aurawas 14 times higher
than that of the normal controls (2.09%). There was no
significant net VA flow volumereduction during the attack
phase compared with the headache free period [25].

Theinvestigation of Lovrencic et al showed that
hypoplasiaof thevertebral artery in migrainewith aurais
four times more frequent than in migraine without aura
and controls [24]. A higher hypoplasiaratio in migraine
with aura could be an additional factor contributing to
hypoperfusioninthe posterior circulation, and trigger and
perpetuate cortical spreading depression, thusexplaining
neurological symptoms during the aura phase [24]. The
study conducted by Chuang et a confirm the results of
Lovrencic et a but argues against their hypothesis that
hypoplastic vertebral artery leadsto hypoperfusion during
the auraphase. According to Chuang et a the net vertebral
artery flow volume measured during the attack phase was
satisfactory [25].

Zwetsloot et al found no differencein blood flow
velocities in the vertebrobasilar system during migraine
attacks and headache free periods [26].

Conclusion

In conclusion, vertebral artery hypoplasia is
common inthe Macedonian popul ation and can bereliably
diagnosed on CT scans. Although anatomically
interesting, an awareness of the vertebral artery anatomy
and variationsisclinically important. We highlighted the
clinical significance of this condition in stroke and
migraine and we believe that this study will make an
important contribution to the anatomical and clinical
knowledge of the vertebral artery hypoplasia.
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