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Abstract
Vertebral artery stenosis (VAS) is the cause of approximately 20% of ischemic strokes in the posterior
circulation. There are several causes of vertebral artery stenosis, including atherosclerosis, calcification,
dissections, fibromuscular dysplasia, giant cell arteritis, neurofibromatosis type 1, and bony compressions.
The most common cause of VAS is atherosclerosis which is derived from the macrophage-induced oxidation
of low-density lipoproteins (LDLs), alongside the accumulation of cholesterol. Calcification of the vertebral
artery occurs when there is excess calcium and phosphate deposition in the vessel. Dissection of the
vertebral artery can lead to the formation of a hematoma causing stenosis of the vertebral artery.
Fibromuscular dysplasia can result in stenosis due to the deposition of collagen fibers in the tunica media,
intima, or adventitia. Giant cell arteritis, an autoimmune disorder, causes inflammation of the internal
elastic membrane resulting in eventual stenosis of the artery. Neurofibromatosis type 1, an autosomal
dominant disorder, results in the stenosis of the vertebral artery due to the altered function of
neurofibromin. Mechanical compression of the vertebral artery by bone can also cause stenosis of the
vertebral artery. Digital subtraction angiography (DSA) is considered the current gold standard in diagnosing
vertebral artery stenosis; however, its associated morbidity and mortality have led to increased use of non-
invasive techniques such as duplex ultrasonography (DUS), computed tomography angiography (CTA), and
magnetic resonance angiography (MRA). Currently, asymptomatic and symptomatic vertebral artery
stenoses are treated by risk factor modification and medical treatment. However, it is recommended that
surgical (endarterectomy, reconstruction, and decompression) and endovascular (balloon coronary, bare-
metal, and drug-eluting stents) treatments are also used for symptomatic vertebral artery stenosis.
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Introduction And Background
Vertebral artery stenosis (VAS) is a condition in which the lumen of the vertebral artery is condensed and
narrowed. The proximal vertebral artery is the most prevalent location of vertebral artery stenosis [1].
Around 20% of posterior circulation ischemic strokes involve the stenosis of the vertebral artery [2]. The
causes of vertebral artery stenosis include arterial calcification, atherosclerotic lesions, dissection lesions,
fibromuscular dysplasia, giant cell arteritis, neurofibromatosis, and abnormal bony compression of the
vessel [3-5]. Symptomatic vertebral artery stenosis can present with vertigo, vision difficulties, nystagmus,
dizziness, loss of consciousness, nausea, and ataxia [6]. If symptomatic VAS is left undiagnosed and
unmanaged, it may result in strokes, myocardial infarctions, vertebrobasilar insufficiency (VBI), and sudden
death [7]. Diabetes mellitus, hypertension, and hyperlipidemia are common risk factors for vertebral artery
stenosis [8-11]. Intracranial vertebral artery stenosis is more common in individuals of Sub-Saharan Africa
and East Asia than Caucasians [12]. This article reviews VAS pathophysiology, pathogenesis, diagnostic
techniques, risk factors, and management strategies.

Review
Normal anatomy
Although there are variations in the vertebral artery's origin, course, and branches, this artery has a
conventional model [13]. The vertebral artery is typically the first major branch of the subclavian artery on
both the left and right sides of the body [14]. It can be divided into four anatomically different segments (V1-
V4), where segments V1-V3 are classified as the extracranial vertebral artery, and segment V4 is considered
the intracranial vertebral artery [15]. The first segment (V1), known as the proximal or ostial segment, is
defined from its origin of branching off the subclavian artery to the sixth cervical vertebrae's transverse
foramen [4,16]. The second segment (V2), known as the transverse segment, is defined from the transverse
foramina of the sixth cervical vertebrae to the transverse foramina of the second cervical vertebrae [4,16].
The third segment (V3), known as the suboccipital segment, is defined from where the artery leaves the
transverse foramina of the second cervical vertebrae to where it pierces the dura mater at the level of the
foramen magnum [4,16]. Once the artery pierces the dura mater, it becomes the intracranial vertebral artery
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[16]. The fourth segment (V4), known as the intracranial segment, is defined from where the artery pierces
the dura mater at the foramen magnum to where it joins with the contralateral vertebral artery to form the
basilar artery [4,16]. There are two main branches of the V4 segment of the vertebral artery, the anterior
spinal artery and the posterior inferior cerebellar artery (PICA) [14]. Additionally, the vertebral artery is one
of the providers of blood supply to the circle of Willis, an essential anastomotic structure of the brain [6].
Tortuosity of the vertebral artery is common and is mainly seen in the V1 segment [14]. The tortuous nature
and variability of the vertebral artery make it a site for various pathologies and difficulties in identification
and diagnosis.

Pathogenesis and pathophysiology
Calcification

Literature indicates that the calcification of vessels plays a critical role in up to 90% of atherosclerotic
lesions [17]. Calcification of vasculature occurs when calcium and phosphate deposit in blood vessels [18].
Evidence suggests that vascular calcification is similar to bone remodeling as proteins and hormones related
to bone, such as osteocalcin, Runx2, and alkaline phosphatase, have been found in the calcification of
vessels, specifically valvular vessels [3]. Vessels are composed of three layers [18]. The innermost layer is the
tunica intima, the middle layer is called tunica media, and the outermost layer is called the tunica adventitia
[18]. Vascular calcification is classified as either intimal (occurring in the tunica intima) or medial (occurring
in the tunica media) [3]. The medial calcification is referred to as a non-occlusive process that results in the
hardening of vessels, a decrease in compliance, and an increase in blood pressure [3]. The intimal
classification is a subset of vascular calcification that results in atherosclerosis which yields atherosclerotic
lesions and stenosis [3]. Therefore, intimal calcification of the vertebral artery can cause vertebral artery
stenosis through atherosclerotic lesions.

Atherosclerotic Lesions

The second most common location for plaque buildup in the cerebral vascular system is the vertebral artery
[16]. Atherosclerotic lesions are the predominant cause of lesions in the vertebral artery [4]. High cholesterol
in the blood triggers atherosclerosis [19]. The increase in cholesterol levels alters the permeability of the
tunica intima endothelium [19]. This alteration in permeability enables the adherence of low-density
lipoprotein cholesterol (LDL-C) to the tunica intima [19,20]. Following the adherence of LDL-C to the tunica
intima, several cytokines like tumor necrosis factor (TNF), interleukin-1β (IL-1β), selectins, and vascular
adhesion molecule-1 (VCAM-1) get released from the arterial wall [19,20]. VCAM-1 allows for monocyte
adhesion to vessels [19]. A fatty streak is then formed when monocytes mature into foamy macrophages [19].
As a result of monocyte maturation, subendothelial LDL particles begin to oxidize [19]. The oxidized LDLs
then promote chemotaxis of scavenger receptors that result in the agglomeration of intracellular
cholesterol [19]. The resulting atherosclerotic plaques cause lesions and the stenosis of vessels [19].
Atherosclerotic lesions that yield stenosis have been seen in the extracranial portions of the vertebral artery
[4]. Possible complications of extracranial vertebral artery lesions include local thrombosis and ischemia due
to a reduction in vertebral artery flow and emboli [4].

Dissection Lesions

Cerebrovascular accidents caused by vertebral artery dissection (VAD) are infrequent in the general
population [21]. However, dissection lesions are one of the primary causes of cerebrovascular accidents in
populations under 45 years old, with an approximate incidence of 10%-25% [21,22]. Vertebral artery
dissections are traumatic, associated with pre-existing arteriopathies, or spontaneous [4]. Spontaneous
dissections are associated with the elderly population, whereas traumatic dissections are associated with
younger populations [23]. Chiropractic manipulation, spontaneous head movements, cervical trauma, oral
contraception, and fibromuscular syndromes like Ehlers-Danlos syndrome type IV and osteogenesis
imperfecta type I are examples of dissection lesion sources [4,21-23]. Vertebral artery dissections commonly
occur in segment three due to their close association with the atlantoaxial joint, which functions in the
rotational movement of the head [4,21]. The process of dissections occurs when the tunica intima tears,
blood accumulates, and dissects in the arterial wall [4,21]. As a result of the dissection, thrombosis and
hematomas precipitate [4,21]. The hematomas and thrombosis can result in hypoperfusion, stenosis,
thromboembolism, Wallenberg syndrome, and strokes [4,21].

Fibromuscular Dysplasia

The third most common cause of lesions in the vertebral artery is fibromuscular dysplasia (FMD) [4].
Fibromuscular dysplasia is a hereditary vascular disease that is non-atherosclerotic and non-
inflammatory and causes stenosis, thromboembolism, dissections, fistulas, hypoperfusion of cerebral blood
flow, and aneurysms in any network of blood vessels [24,25]. As FMD occurs in any artery, presenting
symptoms will vary based on the area of vasculature affected [26]. Fibromuscular dysplasia is classified into
medial, intimal, and adventitial [25,26]. Medial FMD is the most common type, and it is characterized by the
alternating deposition of collagen in areas of degenerating elastic fibers in the tunica media [25,26]. The
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deposition of collagen fibers generates areas of alternating dilation and stenosis [25,26]. The second most
common form of FMD is intimal, which occurs in the tunica intima of vessels [25,26]. Intimal FMD is
characterized by the deposition of collagen in the tunica intima, causing stenosis [25,26]. The final
classification of FMD is adventitial FMD [25,26]. It is the least common subtype, and it is classified as the
deposition of collagen in the adventitia [25,26]. Adventitial FMD often extends into the connective tissue
that surrounds an artery, causing arterial stenosis [25,26].

Unusual Lesion Causing Diseases

In addition to atherosclerotic, dissection, and fibromuscular dysplasia lesions, there are uncommon diseases
that also cause lesions [4]. An example of an uncommon disease that can cause bilateral vertebral artery
lesions is giant cell arteritis (GCA) [4,27]. GCA is an autoimmune disorder that affects the vasculature by
causing inflammation at the internal elastic membrane [27]. The inflammation occurs because of the
infiltration of giant cells [27]. Arteries that experience granulomatous inflammation lead to thrombotic
obstruction, necrosis, or stenosis [27]. It has been noted that 75%-100% of GCA-affected arteries are
vertebral arteries [27]. Neurofibromatosis type 1 (NF-1) is another disease that causes vertebral artery
lesions [4,28]. NF-1 is an autosomal dominant disorder that affects tissues like the brain, bone, and blood
vessels [28]. Neurofibromin is typically expressed in endothelial and smooth muscle cells of the vasculature
[29]. Patients with NF-1 have altered function of neurofibromin which can cause vascular lesions through
arterial stenosis, occlusion, aneurysm formation, and arteriovenous fistulas [4,28,29].

Bony Compression

Vertebral arteries may become stenosed due to being compressed at any point along the course of the
vertebral artery [5]. The most common anatomical point prone to extracranial compression is at the C1-C2
level due to its association with the atlantoaxial joint and membrane [5]. Causes of vertebral artery stenosis
due to compression can be categorized as either primary or acquired causes [5]. Primary causes include
muscular hypertrophy of the neck, large osteophytes, fibrous bands, idiopathic skeletal hyperostosis,
cervical spondylosis, spondylolisthesis, herniated discs, atlantoaxial hypermobility, hyperflexion,
hyperextension, distraction-flexion cervical injuries, and tumors [5,30-35]. Acquired causes include spinal
surgery, head trauma, and neck trauma [5].

Compression of the V3 segment of the vertebral artery is most frequently associated with bow hunter’s
syndrome [36]. Bow hunter’s syndrome causes vertebrobasilar insufficiency (VBI) by the occlusion or the
stenosis of the vertebral artery during head rotation [5]. VBI occurs when the contralateral vertebral artery
does not compensate for the reduced blood flow of the compressed vertebral artery [33]. The blood stasis can
cause the formation of emboli that gives rise to bow hunter’s stroke in the posterior circulation [36]. Bow
hunter’s syndrome typically occurs when the dominant vertebral artery is occluded by head rotation.
However, bow hunter’s syndrome was also found in non-dominant vertebral artery occlusions and bilateral
vertebral artery occlusions [33].

Clinical manifestations
Stenosis or occlusion of the vertebral artery unilaterally or bilaterally causes decreased artery perfusion and
can result in several symptoms of a posterior circulation transient ischemic attack, such as vertigo, ataxia,
diplopia, disturbance of speech, and bilateral hemianopia [37,38]. Vertebral artery stenosis can also result in
recurring syncope, headaches, recurrent stroke, palsy of cranial nerves, change in consciousness, altered
function of the sensory and pyramidal tracts, cerebellar infarcts, and tinnitus [8,24,27,34]. Vertebral artery
stenosis can also result in decreased perfusion to the basilar artery and cause several symptoms, including
vertigo, dizziness, diplopia, ataxia, dysarthria, nausea, nystagmus, drop attacks, loss of consciousness, motor
symptoms, sensory symptoms such as numbness, and an increased risk of experiencing strokes or transient
ischemic attacks [6,16,30,32,39]. These symptoms are typically observed when there is stenosis or occlusion
of both vertebral arteries [16].

Symptomatic vs. asymptomatic
The true incidence of vertebral artery stenosis is not known due to the cases of asymptomatic stenosis of the
vertebral artery. In a study conducted with 3,717 patients, 7.6% (6.8% to 8.5%, CI of 95%) of patients, who
exhibited symptoms of atherosclerotic arterial disease, had asymptomatic vertebral artery stenosis or
occlusion [40]. Therefore, it was concluded that there is a low risk of posterior circulation stroke in patients
with asymptomatic vertebral artery stenosis [40]. The symptoms manifesting in patients with vertebral
artery stenosis occur due to various syndromes affecting the vertebral artery. One such syndrome is
subclavian steal syndrome (SSS) [18]. In SSS, severe stenosis or occlusion of the subclavian artery, closest to
the origin of the vertebral artery, results in the reversal of blood flow in the ipsilateral vertebral artery and
shunting of blood from the contralateral vertebral artery into the subclavian artery [14,18]. In addition to
SSS, many other causes of stenosis or occlusion of the vertebral artery can result in vertebrobasilar
insufficiency (VBI) [41]. VBI occurs due to hypoperfusion of the vertebrobasilar arterial system resulting in
vertigo, diplopia, dizziness, loss of consciousness, dysphagia, dysarthria, nausea, ataxia, nystagmus, and
numbness [6]. Vertebral artery stenosis is also associated with a high risk of strokes, myocardial infarctions,
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and sudden death [7].

Diagnostic methods
Vertebral artery stenosis (VAS) accounts for approximately 20% of ischemic attacks and strokes in the
posterior circulation [1]. The symptomatic presentation of vertebral artery stenosis can vary and can present
with vertigo, diplopia, dizziness, nystagmus, nausea, ataxia, and numbness [6]. If vertebral artery stenosis is
left undiagnosed and untreated, there is a high risk of cerebrovascular accidents, myocardial infarctions, and
sudden death, thus, making it imperative to evaluate the relevant techniques in diagnosing VAS [7].

The vertebral artery anatomy is complex, tortuous, and variable, with intracranial and extracranial segments
[14]; therefore, making it difficult to diagnose and identify despite advances in imaging techniques over
time. There are invasive and non-invasive imaging techniques. Duplex ultrasonography is a non-invasive
imaging strategy used as the standard initial screening of patients suspected of having VAS [16]. It is a safe
and cost-effective investigation method [18,20]. However, DUS does not accurately depict the degree of
vascular stenosis, and the vertebral artery origin cannot be imaged in every patient [18,20,42]. Although the
employment of color Doppler ultrasonography (color-DUS) and Doppler parameters such as the ratio of peak
systolic velocity (PSVr) has enhanced the efficacy of VAS visualization, meta-analyses exemplify the lower
sensitivity of color-DUS compared to other non-invasive techniques like CTA and MRA [15]. In vascular
syndromes like subclavian steal syndrome (SSS), DUS is an appropriate screening tool [43]. However, MRA
and CTA techniques are employed to receive a confirmatory diagnosis due to their accuracy [43]. Digital
subtraction angiography (DSA), also referred to as intra-arterial angiography (IAA), is an invasive diagnostic
technique that is considered to be the most accurate in diagnosing VAS [1,12]. Although DSA is considered
the most precise technique to diagnose VAS, it is the riskiest, most invasive, expensive, and time-consuming
technique [44].

Digital Subtraction Angiography

Digital subtraction angiography (DSA), also known as intra-arterial angiography (IAA), is an invasive
procedure regarded as the gold standard imaging technique for diagnosing vertebral artery stenosis, disease,
and VBI [1,12,14,16,44]. Before revascularization in a patient with symptomatic posterior cerebral ischemia,
DSA is preferred over CTA and MRA because they do not reliably outline the origin of the vertebral artery
[19]. Although DSA has low morbidity and associated mortality, it is the most invasive, expensive, risky, and
time-consuming diagnostic technique available for vertebral artery stenosis [1,16,32,44]. DSA has been
associated with transient neurological events, permanent neurological deficits, adverse reactions to contrast
mediums, groin hematoma, stroke, carotid, vertebral, femoral, and iliac artery dissections [32]. There is a
1.5% chance of neurological complications, and recent studies suggest that this chance of neurological
complications is even higher [32]. Various studies have concluded that non-invasive imaging techniques
such as CTA, contrast-enhanced magnetic resonance angiography (CE-MRA), and sonography are safer than
DSA; therefore, they are replacing DSA as a reliable and safe diagnostic testing for stenosis and disease of
the vertebral artery [12,45].

Duplex Ultrasound and Color Doppler Sonography

Duplex ultrasonography (DUS) is the most common and standardized test for the initial screening and
diagnosis of vertebral artery stenosis (VAS) and subclavian steal syndrome (SSS) as it is a safe, accurate,
non-invasive, and cost-effective diagnostic method [1,6,18,20]. The intricate location, tortuosity, small
diameter, and perpendicular position of the origin of the vertebral artery make it challenging to detect on
ultrasound and can only be imaged in 60% of subjects [1,42]. To combat this disadvantage, the employment
of color flow imaging in Doppler ultrasound and the establishment of Doppler parameters have increased
the effectiveness of Doppler imaging [42]. A study conducted in Turkey recognized PSVr as the most effective
Doppler parameter to be used alongside color Doppler sonography when diagnosing vertebral artery stenosis
[42]. However, an Austrian study stated that color Doppler sonography was still not effective at visualizing
all the segments of every vertebral artery [46]. A meta-analysis highlighted that the sensitivity and
specificity of color-DUS were 70.2% and 97.7%, respectively [15]. The same meta-analysis also noted that
DUS had a significantly lower sensitivity rate than CTA (100%) and CE-MRA (93.3%) [15]. Moreover, DUS
does not accurately demonstrate the degree of stenosis in arteries [18,20].

Computed Tomography Angiography and Magnetic Resonance Angiography

Computed tomography angiography (CTA) is a non-invasive imaging tool to evaluate vertebral artery
stenosis and disease [12]. CTA is superior to DSA because it can image the extracranial portion of the
vertebral artery while avoiding the potential complications of using catheter angiography [1]. One study
concluded that CTA could distinguish between a kinked vertebral artery and a stenosed vertebral artery due
to atherosclerotic plaques [1]. However, CTA is also associated with challenges and disadvantages. Studies
show that the CTA imaging technique underestimates the prevalence and degree of stenosis in the ostial
vertebral artery [47]. Additionally, CTA has difficulties in accurately identifying the diameter of the lumen of
extensively calcified arteries [37]. CTA is not the best imaging technique for patients who have a history of
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renal disease due to the high proton intensity and radiation that it exposes patients to [15,18].

Magnetic resonance angiography (MRA), similar to CTA, is also a non-invasive imaging technique used to
evaluate vertebral artery stenosis and disease [12]. Imaging severe stenosis of the vertebral artery, such as
the ostial portion, poses a challenge for MRA [37]. MRA overestimates the stenosis of the ostial vertebral
artery; however, the use of contrast mediums resolves this challenge [1,47]. Contrast-enhanced MRAs (CE-
MRAs), compared to catheter angiography, yield higher-resolution images of all extracranial cervical vessels
[2]. Additionally, a sensitivity of 100% and specificity of 85% for the accuracy between conventional
angiography and CE-MRA of greater than 50% stenosis of a vertebral artery occlusion in patients who
experienced an acute ischemic stroke were found [48]. Therefore, indicating that CE-MRA can be used as a
better alternative to detect vertebral artery stenosis [48], CE-MRA also has higher sensitivities and
specificities for stenosis of the extracranial vertebral artery than MRA without contrast or DUS [15]. CE-
MRA, however, cannot be used with patients who have pacemakers or other metallic devices [15].

Although CTA and MRA are not able to accurately highlight the origin of the vertebral artery, both imaging
techniques are associated with higher sensitivities than DUS [12,15,32,39,47]. The sensitivities and
specificities of CTA and CE-MRA are 100% and 95.2% and 93.9% and 94.8%, respectively, while DUS’s
sensitivity is 70% [15,32]. Therefore, CTA and CE-MRA are currently viewed as more promising imaging
techniques than DUS to evaluate vertebral artery stenosis.

Risk factor modification
Similar to several other conditions, the first line of treatment for the disease of the vertebral artery is the
modification of risk factors, including physical activity, maintaining a healthy diet, and smoking cessation
[12]. Cigarette smoking has been indicated as a risk factor in various causes of vertebral artery stenosis, such
as vertebral artery hypoplasia, V1 diseases, and vertebral artery dissections; therefore, smoking cessation
may help reduce the incidence of vertebral artery stenosis [9,10,49]. Studies show conflicting data pertaining
to whether increased age has a direct correlation with the development of atherosclerosis and calcification
of the vertebral artery [50,51]. Additionally, several other risk factors and comorbidities such as
hypertension, diabetes mellitus, coronary artery disease, hyperlipidemia, hyperhomocysteinemia, alcohol
consumption, obesity in men, and peripheral vascular disease have been associated with causes of vertebral
artery stenosis [8-11,52]. Management of these risk factors and comorbidities may help decrease the
incidence of vertebral artery stenosis caused by V1 lesions, vertebral artery dissections, vertebrobasilar
stenosis, and vertebrobasilar calcification [8-11,52].

Current management strategies
Medical Management

Medical management is utilized in patients with either symptomatic or asymptomatic vertebral artery
stenosis [12]. One of the various causes of stenosis of the vertebral artery is atherosclerosis; therefore,
medical treatment of its risk factors (hypertension, hyperlipidemia, and diabetes mellitus) is mainly seen
[53]. Antihypertensive treatment is recommended to treat hypertension by lowering blood pressure below
140/90 mmHg [12,53]. Statins with or without LDL-lowering therapy and bile acid sequestrants or niacin are
used to treat hyperlipidemia by lowering LDL cholesterol below 100 mg/dL [12,47,53]. Physical activity,
glucose-lowering medications, dieting, and a statin-type lipid-lowering medication are used to treat
diabetes mellitus by lowering glucose levels and reducing LDL levels to around or below 70 mg/dL [53]. It is
recommended that patients diagnosed with vertebral artery stenosis due to atherosclerosis or mechanical
compression of the vertebral artery be placed on antiplatelet medications such as aspirin, aspirin with
modified-release dipyridamole, clopidogrel, or ticlopidine to prevent strokes, myocardial infarctions, and
transient ischemic attacks [12,47,53]. In the Warfarin-Aspirin Symptomatic Intracranial Disease (WASID), it
was concluded that warfarin might be more effective in preventing strokes for patients with symptomatic
vertebral artery stenosis [7].

Surgical Treatment

Surgical revascularization of the vertebral artery is done via endarterectomy or reconstruction surgery [1,16].
Endarterectomy is the removal of atherosclerotic stenosis in the vertebral artery and is a complex procedure
with poor success rates due to the intricate location of and access to the vertebral artery [1]. Complications
of endarterectomy of the vertebral artery include vocal cord paresis, lymphoceles, fistulas, and lung collapse
[1]. Reconstruction surgery of the vertebral artery is a technique that involves the dissection and the
transposition of the vertebral artery to either the subclavian, thyrocervical trunk arteries, common carotid,
or internal carotid artery [1,54]. In one study, the combined stroke and mortality rate of proximal
extracranial vertebral artery reconstruction was less than 2%, and 92% of patients experienced patency 10
years post-operation [1]. The same study found that distal extracranial vertebral artery reconstruction was
less successful with a 6% combined stroke and mortality rate, and 80% of patients experienced patency five
years post-operation [1]. A study of 55 patients who underwent reconstruction surgery due to VBI caused by
stenosis or occlusion of the vertebral artery indicated patency in most patients with various postoperative
complications [54]. The complications experienced by patients included syncope, dizziness, temporary vocal
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cord paresis, elevated hemidiaphragm, and temporary brachial plexus weakness [54]. Moreover, out of the
54.5% of patients who exhibited transient Horner's syndrome, 13.3% of the patient's transient Horner's
syndrome became permanent [54]. Although surgical treatment of VAS has shown some success, it is an
invasive and complicated procedure associated with substantial postoperative complications and mortality
[1,54]. The ideal treatment for anatomical compression of the vertebral artery by bony structures is surgical
resection of the compressing structure, decompression of the vertebral artery, or endovascular treatment
[5,35,36,55,56].

Endovascular Treatment

Surgical revascularization of symptomatic vertebral artery stenosis is performed less frequently due to the
growing use of endovascular techniques such as percutaneous transluminal angioplasty (PTA) and stenting
[1]. Angioplasty with stenting is a minimally invasive and highly successful endovascular procedure that
dilates stenosed arteries [57]. Typically, the stenosed arteries are infiltrated by atherosclerotic plaques [57].
Endovascular stenting of the vertebral artery (VA) is conducted using the transfemoral or the transradial
route [20,58]. The type of stent used can have a significant impact on the outcome of the procedure. In a
study conducted in Germany of 38 patients with flexible balloon coronary stents to treat VAS, no new
cerebrovascular accidents occurred, and vertebrobasilar ischemia was prevented [59]. However, using
flexible balloon coronary stents resulted in a 36% restenosis rate in patients [59]. It is presumed in the
literature that the high restenosis rates of the vertebral artery when using coronary stents are attributed to
the fact that coronary stents lack the properties to restrain the bending and recoil forces of the vertebral
artery [60]. To counteract the high stenosis rates, physicians have explored, and the literature has
referenced, the use of bare-metal stents (BMS) and drug-eluting stents (DES) in vertebral artery stenosis. In
a Polish study of 392 patients, the success rates and periprocedural complication rates for DES and BMS were
96.7% and 1.4% and 94.6% and 2.2%, respectively [58]. Additionally, the biolimus DES stent has a restenosis
rate of 12.9%, and the stainless steel BMS stent had a restenosis rate of 17.8% [58]. The success,
complication, and restenosis rates of BMS and DES are similar, with DES being slightly more effective.
However, the literature demonstrates that BMS and DES are significantly more effective than coronary stents
because of their lower restenosis rates [58,60].

Studies indicate that endovascular treatment of symptomatic vertebral artery stenosis is a safe and
successful procedure [38,58,61,62]. In a study of 105 patients in the United States, every patient with
symptomatic extracranial vertebral artery stenosis achieved technical success (100%), and 90.5% of patients
had clinical success [61]. Furthermore, a study on 73 symptomatic patients in 2014 by Radak et al.
highlighted that no deaths occurred during the endovascular procedure and while recovering in the hospital
[38]. Moreover, the study also indicated that during the follow-up period, which ranged from two to 144
months (mean: 44.3 + 31.2 months), there was a 10.3% restenosis rate [38]. Moreover, long-term treatment
success rates were 98.4%, 87.3%, and 87.3% after one, three, and seven years, respectively [38]. Another
study comparing basic medical treatment (BMT) to stenting showed a 60% lower long-term risk for fatal and
non-fatal strokes in patients with stents than in patients who received basic medical treatment [63]. In
another study conducted on outcomes of endovascular treatment, 98.8% of patients achieved technical
success [64]. Thus, stenting in symptomatic vertebral stenosis is considered a safe, durable, and effective
form of managing vertebral artery stenosis with a relatively low risk of complication [1,32,37,38,59,61,63].
Risk factors and diagnostic methods are summarized in Table 1.

 Author Country
Study
Population

Findings Conclusion

1
Markus et
al., 2017
[63]

United
Kingdom

182
patients

The patients whose vertebral arteries were stented showed
approximately a 60% lower risk for fatal and non-fatal strokes
when compared to the patients who received basic medical
treatment.

The long-term risk of a fatal or
non-fatal stroke of a stenosed
vertebral artery treated through
stenting is less when compared to
BMT (basic medical treatment)
after 3.5 years.

2
Jenkins et
al., 2010
[61]

United
States

105
patients

All patients with symptomatic vertebral artery stenosis (100%) had
technical success, which is defined as no in-hospital stroke or
death despite potential residual stenosis of 30% or less after the
endovascular stenting procedure. About 90.5% of patients
achieved clinical success, which is defined as the resolution of
vertebrobasilar system symptoms.

Endovascular stenting as a
treatment for symptomatic
vertebral artery stenosis
demonstrated a high success
rate.

3
Antoniou et
al., 2012
[62]

Meta-
analysis

42 studies

Endovascular treatment included angioplasty, stenting, or both
and resulted in a success rate of 97%, 1.5% transient ischemic
attack, 1.1% stroke and death, 8% recurring symptoms of
vertebrobasilar insufficiency, 23% restenosis, and 9%

Treatment of vertebral artery
stenosis utilizing endovascular
treatment indicates a high
success rate and a low risk of
adverse side effects; however, it
has been associated with notable
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reintervention. restenosis and reintervention
rates.

4
Weber et
al., 2005
[59]

Germany 38 patients

The use of flexible balloon coronary stents prevented
vertebrobasilar ischemia, resulted in no new strokes, and resulted
in approximately 38% restenosis in all of the patients in this study
who had symptomatic stenosis of the proximal vertebral artery.

Using flexible balloon coronary
stents to treat proximal vertebral
artery stenosis was demonstrated
to prevent vertebrobasilar
ischemia and its related
symptoms successfully; however,
it failed to successfully prevent
restenosis of the vertebral artery.

5
Katada et
al., 1983
[50]

Japan
3,648
patients

This study concluded that 3.4% of scans revealed calcifications in
either one or both of the vertebral arteries. There was not a
significant difference in calcification incidence between males and
females. There was no calcification of the vertebral artery for
patients under the age of 40, but the incidence of the calcification
started and increased from the fifth decade onward.

Although there was no correlation
between vertebral artery
calcification and sex, there was a
strong correlation between
increasing age and the incidence
of vertebral artery calcification.  

6
Solberg et
al., 1971
[51]

Oslo,
Norway,
Guatemala

961
patients

The incidence of atherosclerosis in the vertebral artery did not
differ based on the patient's geographical location, age, and sex.

The incidence of vertebral artery
atherosclerosis must be
influenced by factors other than
the patient's residence, age, and
sex.

7
Maciejewski
et al., 2019
[58]

Poland
392
patients

The success rates for DES and BMS were 96.7% and 94.6%
(p=0.103), respectively. The periprocedural complication rates for
DES and BMS were 1.4% and 2.2% (p=0.565), respectively. The
ISR/ISO rates for DES and BMS are 22.8% and 19.4% (p=0.635),
respectively. The stainless steel stent had the lowest in-stent
restenosis rate of 17.8% for BMS, while the biolimus stent had the
lowest in-stent restenosis rate of 12.9% for DES.

The rate of success, complication,
and ISR/ISO rates of DES and
BMS are very similar, indicating
that both have similar
effectiveness for treating vertebral
artery stenosis.  

8
No authors,
1998 [7]

United
States

68 patients

The WASID study group concluded that compared to aspirin,
warfarin demonstrated a lower ischemic stroke rate and was
associated with a greater rate of complications related to
hemorrhage in both symptomatic intracranial vertebral artery and
basilar stenosis. However, this difference was concluded to not be
statistically significant.

Compared to aspirin, warfarin
could be a better drug for
preventing strokes in patients with
intracranial vertebral artery and
basilar stenosis; however, further
investigations must occur.

9
Lima Neto
et al., 2017
[39]

Meta-
analysis

28 studies

Arteriographs are an important diagnostic technique for VBI but
are invasive. MRA is used widely to locate stenoses or occluded
neck and intracranial arteries. Transcranial Doppler is a non-
invasive and cheap diagnostic test that detects blood flow in the
major intracranial arteries. The sensibility and specificity of MRA
are 93.9% and 94.8%, of angiotomography are 100% and 95.2%,
and of transcranial Doppler are 70.2% and 97.7%, respectively.

Although arteriographs are
important diagnostic tools to
detect VBI, due to their invasive
nature, tests such as MRA and
transcranial Doppler may be
better options to utilize when
wanting to detect VBI.  

10
Louw et al.,
1990 [31]

South
Africa

12 patients

In this study, it was found that 76% of cases for closed vertebral
artery occlusion were due to distraction-flexion cervical injuries
with a facet joint dislocation, while 7% of the cases were due to
hyperextension cervical injuries accompanied either with or
without rotation and lateral flexion.

Of the non-penetrating injuries to
the extracranial vertebral artery,
distraction-flexion injuries with a
joint dislocation of the facet are
more common than
hyperextension injuries.  

11
Kim et al.,
2013 [48]

Korea
774
patients

Conventional angiography is an invasive procedure, whereas CE-
MRA is a non-invasive procedure. There was a sensitivity of 100%
and specificity of 85% for the accuracy between conventional
angiography and CE-MRA of greater than 50% stenosis at a
vertebral artery occlusion. The concordance rate between
conventional angiography and CE-MRA was 83.7% for patients
who experienced an acute ischemic stroke.

CE-MRA may be a better
alternative for evaluating vertebral
artery occlusion in patients who
have experienced an acute
ischemic stroke.

12
Khan et al.,
2007 [15]

Meta-
analysis

11 studies

The sensitivities and specificities of CTA are 100% and 95.2%, of
CE-MRA are 93.9% and 94.8%, and of color duplex are 70.2% and
97.7%, respectively. This study also concluded that DUS is
associated with lower sensitivity than CTA and CE-MRA.

Both CE-MRA and CTA
diagnostic tests might have higher
sensitivity rates when compared
to DUS for the ability to diagnose
vertebral artery stenosis;
therefore, they might be better to
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use.

13
Kim et al.,
2005 [1]

Korea
935
patients

The prevalence of stenosis in the proximal vertebral artery and the
distal vertebral/basilar artery in the study population was 12.9%
and 5.5%, in the asymptomatic group was 3.3% and 0.5%, in the
minor symptom group was 8.3% and 2.1%, in the cardiac group
was 13.3% and 6.7%, in the hemorrhagic group was 19.2% and
7,7%, in the anterior circulation infarct group was 27.3% and
8.3%, and in the posterior circulation infarct group was 44.4% and
36.1%, respectively.

Stenosis of the vertebral artery
was more prevalent in the
proximal part of the artery than in
the distal part.

14
Yurdakul
and Tola,
2011 [42]

Turkey 48 patients

This study recognized PSVr as the best Doppler parameter in
diagnosing vertebral artery stenosis because the artery's
tortuosity, minuscule diameter, location, and perpendicular
position to the subclavian artery make it difficult to diagnose with
color Doppler sonography alone.

Diagnosing proximal vertebral
arteries are complex; therefore, to
accurately diagnose with color
Doppler sonography, PSVr is the
best parameter to consider.

15
Amarenco
et al., 1990
[24]  

France 56 patients
Among the 56 patients involved in the cerebellar infarct study,
vertebral artery occlusions made up 76% of infarction.

In this study, the majority of
cerebellar infarcts involved
vertebral artery occlusions.

16
Feng et al.,
2020 [8]

China
343
patients

Patients with vertebrobasilar artery stenosis (n=100) had a higher
incidence of hypertension (74%), diabetes mellitus (33%), and
hyperhomocysteinemia (27%) in comparison to the symmetric
(n=74), asymmetric (n=127), and hypoplastic (n=42)
vertebrobasilar artery patients.

Hypertension, diabetes mellitus,
and hyperhomocysteinemia are
linked to vertebrobasilar artery
stenosis.

17
Dinç et al.,
2021 [49]  

Turkey
609
patients

This study demonstrated that being male (p=0.01) and smoking
(p=0.008) are associated with vertebral artery hypoplasia. Age,
hypertension, and LDL levels showed no significant association
with vertebral artery hypoplasia.

Being male and smoking were
common risk factors in patients
with vertebral artery hypoplasia.
Age, hypertension, and LDL did
not have a significant association
with vertebral artery hypoplasia.

18
Wityk et al.,
1998 [9]  

United
States

407
patients

Among the 80 individuals who had a lesion in V1 of the vertebral
artery, cigarette smoking (N =50), hypertension (N=74), and
coronary artery disease (N=48) were the most common risk
factors.

Cigarette smoking, hypertension,
and CAD are associated with V1
lesions of the vertebral artery.

19
Radak et
al., 2014
[38]  

Belgrade,
Serbia,
Switzerland
 

73 patients

The endovascular treatment procedure to treat vertebral artery
stenosis was successful in 68 out of the 73 patients. No deaths
occurred during the operation and while recovering in the hospital.
The follow-up period ranged from two to 144 months (mean: 44.3
+ 31.2 months), and only seven responses were detected. The
endovascular treatment success rates were 98.4%, 87.3%, and
87.3% after one, three, and seven years, respectively.

Endovascular treatment of
vertebral artery stenosis is a safe
and successful procedure.

20
Rüegg et
al., 2003
[27]

United
States

Three
patients

Giant cell arteritis was found to cause bilateral vertebral artery
occlusion in the extracranial portions of the vertebral artery in
three patients.

Giant cell arteritis may be a cause
of vertebral artery stenosis.

21
Trattnig et
al., 1990
[46]  

Austria 42 patients

When using color Doppler sonography, in 47.6% of patients,
every branch of both vertebral arteries was seen; in 19.1% of
patients, only one section of both vertebral arteries was not seen,
and in 33.3% of patients, more than one section of the vertebral
artery was unable to be visualized.

Color Doppler sonography is not
effective in seeing all segments of
the vertebral arteries.   

22
Compter et
al., 2011
[40]

Netherlands
3,717
patients

The study demonstrated that 7.6% (95% CI, 6.8% to 8.5%) of the
subjects with atherosclerosis had asymptomatic VA stenosis.

Atherosclerosis has a link to
asymptomatic VA stenosis.

23
Choi et al.,
2013 [34]  

South
Korea

21 patients
Every patient with RVAO had vertigo. In addition, vertigo was
accompanied by tinnitus (38%), syncope (24%), or refractive
errors (19%).

RVAO is associated with vertigo,
tinnitus, syncope, and refractive
errors.

24
Hsu et al.,
2013 [10]  

Taiwan 17 patients
Smoking was seen in four of 17 patients, hypertension was noted
in three of 17 patients, alcohol consumption was observed in two
of 17 patients, and hyperlipidemia in two of 17 patients.

Smoking, hypertension, alcohol
consumption, and hyperlipidemia
are common risk factors in
vertebral artery dissections.
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25
Moufarrij et
al., 1984
[11]  

United
States

96 patients
The following conditions were found to be associated with
vertebral artery stenosis: CAD (64%), hypertension (53%),
peripheral vascular disease (52%), and diabetes mellitus (19%).

CAD, hypertension, peripheral
vascular disease, and diabetes
mellitus are associated conditions
in vertebral artery stenosis.

26
van der
Toorn et al.,
2019 [52]  

Netherlands
2,483
patients

Obesity was highlighted to be a risk factor for VBAC in men.
However, in women, there was an inverse relationship between
VBAC and obesity. This phenomenon is potentially due to the role
of estrogen in fat mass.

Obesity is a risk factor for VBAC
in men and not in women.

TABLE 1: Risk factors, clinical manifestation, diagnostic methods, and management techniques
of vertebral artery stenosis
DE: drug-eluting stent, BMS: bare-metal stent, ISR: in-stent restenosis, ISO: in-stent occlusion, VBI: vertebrobasilar insufficiency, WASID: Warfarin-Aspirin
Symptomatic Intracranial Disease, MRA: magnetic resonance angiography, CE-MRA: contrast-enhanced magnetic resonance angiography,
CTA: computed tomography angiography, DUS: duplex ultrasonography, PSVr: ratio of peak systolic velocity, LDL: low-density lipoprotein, VA: vertebral
artery, RVAO: rotational vertebral artery occlusion, CAD: coronary artery disease, VBAC: vertebrobasilar artery calcification, BMT: basic medical treatment.

Conclusions
Vertebral artery stenosis can be challenging to identify, diagnose, and treat due to its variability and
tortuous nature. There are several causes of vertebral artery stenosis. Intimal calcification of vascular tissue
is an occlusive process that leads to atherosclerotic lesions and stenosis. Atherosclerotic lesions are
generated by the oxidation of LDLs and the agglomeration of intracellular cholesterol. The consequent
atherosclerotic plaques yield stenotic lesions of the vertebral artery. Dissection lesions occur when the
tunica intima of a blood vessel tears, and blood accumulates (dissects) in the arterial wall. The dissection
leads to stenosis, thrombosis, and hematomas. Vertebral arteries may also become stenosed due to
compression by bony structures. Other uncommon causes of VAS are fibromuscular syndromes,
neurofibromatosis, and autoimmune disorders like giant cell arteritis. Several diagnostic techniques can
evaluate VAS, including DSA, DUS, CTA, and MRA. DSA is considered the gold standard for diagnosing
vertebral artery stenosis. However, due to the invasive nature and associated complications of DSA, non-
invasive diagnostic techniques such as duplex ultrasonography (DUS), computed tomography angiography
(CTA), and magnetic resonance angiography (MRA) have taken precedence. Although DUS is an appropriate,
cost-effective, and non-invasive screening tool, MRA and CTA techniques are often used to confirm the
diagnosis. The course of action for the treatment of VAS will vary based on whether the patient is
symptomatic or asymptomatic. The initial treatment for VAS is the modification of risk factors and the use of
medical treatments such as antihypertensive, antiplatelet, glucose-lowering, and statin medications.
Surgical and endovascular interventions are recommended only for symptomatic patients. Surgical
intervention involves either endarterectomy, reconstruction, or surgical decompression of the vertebrae.
Endovascular stenting using balloon coronary stents, bare-metal stents (BMS), and drug-eluting stents (DES)
has been used to treat VAS; however, the literature recommends using DES over both BMS and balloon
coronary stents due to restenosis rates.
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