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Abstract

The vertebral arteries, which supply blood to the brain’s posterior circulation, are clinically most significant. A rupture in a major
cervicocerebral artery causes blood to penetrate the arterial wall and divide its layers, resulting in stricture or aneurysmal dilation
of the vessel. Vertebral artery dissection (VAD) is of particular concern in the patient due to its typical late appearance and associa-
tion with the risk of chronic neurological damage or even trauma-related death. VAD is one of the leading causes of stroke in patients

under 50 years of age and generally manifests as a migraine with and without neck pain.

VAD can be caused by hereditary factors, underlying arteriopathy, or stretching or swelling of the arterial wall. The increasing
availability and use of computed tomography and magnetic resonance imaging have contributed to an improved identification rate
of what was once a rare injury.

VAD therapy aims primarily to prevent vertebrobasilar ischemia. This objective is accomplished by intravenous heparin anticoag-
ulation with an adequate activated partial thromboplastin time. The activated partial thromboplastin time should be at least double

the base value. Other therapeutic options are endovascular revascularization or surgery.

Recent advances in the epidemiology and pathophysiology of VAD, as well as clinical presentations, diagnostic tools, and thera-
peutic options, are reviewed in this article.
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Abbreviations

CAD: Carotid Artery Dissection; CT: Computed Tomography; VA: Vertebral Artery; VAD: Vertebral Artery Dissection

Introduction

Dissection of the carotid and vertebral arteries, which supply blood to the brain, was identified in the early 1950s [1]. Arterial dissection
occurs following a tear when blood rushes through the vascular wall, generally at the endothelium surface. A subintimal dissection results
in luminal constriction or occlusion, whereas a subadventitial dissection results in a pseudoaneurysm, which carries a bleeding risk [2].
The average age of most people with dissection is 40 years (range: 30 - 50) [3]. Spontaneous dissection can be because of substantial

trauma or seemingly innocuous activities (e.g., heavy exercise) [2].

The first unequivocal example of vertebral artery dissection (VAD) was documented in the 1970s. However, rare cases of carotid
dissection were reported earlier. Charles Miller Fisher, a Canadian neurologist and stroke physician at Massachusetts General Hospital,
first noticed the “string sign” anomaly in the internal carotid artery on cerebral angiograms of stroke patients in 1971. In 1978, he found

that the same anomaly occurred even in the vertebral arteries (VAs) [4-6].

Pathologically, VAD is distinguished by an acute, extensive breakdown of the internal elastic lamella, which separates tunica intima
from tunica media in arterioles [7]. It is commonly classified as ‘spontaneous’ or ‘traumatic’, with cases involving modest, non-penetrating

neck trauma or twists lying in the middle. However, this categorization can be unclear and confusing [2].

Additionally, VAD is categorized into two types: ischemic and hemorrhagic dissection. Ischemia of the vertebrobasilar circulation

because of arterial constriction and thrombosis causes ischemic VAD.

Subarachnoid hemorrhage induced by a puncture in an intradural VA dissecting aneurysm causes hemorrhagic VAD [2]. Dissection
causes discomfort in the back of the head and neck, often spreading to the orbits. Vertebral dissection can lead to unilateral or bilateral
infarction of the occipital lobe or brainstem involvement, resulting in double vision and other eye movement abnormalities [8]. The
reported incidence of VAD has tripled since 1994 [9].

VAD-induced cerebral ischemia affects approximately 80% of patients and their work life. Although functional results appear to be

favorable in most patients, understanding the historical development of VAD and standards for follow-up care remains unclear [10].
Discussion (Part 1)
Vertebral artery

The term ‘vertebral’ indicates the position of the arteries throughout the vertebrae or backbone. They are a component of the
circulatory system [11]. VAs typically begin from the subclavian artery (V1) and ascend vertically through the transverse foramina of the
cervical vertebrae (C6-C1), with a lateral deviation between C2 and C1 (V2). The VA forms a mobile “loop” between the C1 transverse
process and dura at the foramen magnum. This loop, located beneath the posterior atlantooccipital membrane, allows a high degree of
rotation at C1/C2 (V3). Then, the artery coalesces with the opposing VA intracranially, creating the basilar artery—the primary route of

oxygenated blood to the brainstem, cerebellum, and posterior brain (V4) [12].

The VA augments cerebral blood flow in all vertebrates (mammals), including humans [13,14]. The primary role of the VA is to transport
blood to the vertebrae of the neck, upper spine, and the region surrounding the exterior of the skull. It also transports blood to two critical

parts of the brain: the posterior fossa and occipital lobes [11].

Citation: Carsrud NDV, Kerna NA, Flores ]V, Chawla S, Pruitt KD, Okpo NC, Nwokorie U, Holets HM, Elahi N, Roberson R. “Vertebral Artery
Dissection (VAD): Causes, Consequences, and Differential Diagnoses”. EC Cardiology 9.7 (2022): 18-30.



Vertebral Artery Dissection (VAD): Causes, Consequences, and Differential Diagnoses

20

Because of its location, the VA above C2 is considered the most susceptible artery. It is attached to the lamina intracranially, C1

transverse foramen, and groove on the superior face of C1 [15]. The factors contributing to a VA injury are detailed in Figure 1 [15,16].

Figure 1: Causes of vertebral artery (VA) injury [15,16].

Vertebral artery dissection (VAD)

Typically, VAD occurs in the extradural portion of the vessel. However, it can emerge as intradural and mixed intradural-extradural
dissections. The position of the dissection may direct its presentation and management. Severe migraine and subarachnoid hemorrhage
are common in intradural dissection, indicating brainstem or cerebellar ischemia. Most patients with extradural dissection present

ischemic brainstem symptoms [17].

The clinical manifestations of VAD include severe neck discomfort, usually in the occipitocervical region, followed by ischemic symptoms
after a variable period. Ischemic symptoms may be absent in certain patients. Subarachnoid bleeding is associated with intracranial VAD
in >50% of patients. Other symptoms include brain stem thrombus and aortic aneurysm [18]. The typical signs and symptoms of VAD are
detailed in Figure 2 [19,20].

Figure 2: Signs and symptoms of vertebral artery dissection (VAD) [19,20].
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Signifiant trauma is a major factor in VAD. However, other VAD potential causes are listed in Figure 3 (below).

Figure 3: Predisposing risk factors for vertebral artery dissection (VAD) [19-22].

Epidemiology

The annual incidence of VAD is one-third (2.6 - 3/100,000 individuals) of that of cervical internal carotid artery dissection (CAD) [3,23].
Extracranial VAD is more prevalent, accounting for up to 15% of all documented cases of cervicocerebral dissection, while intracranial
VAD is rare, accounting for only around 5% of all recorded cases [3]. In people younger than 45 years, VAD is one of the most common
causes of stroke [21]. According to Schievink, bilateral VAD contributes 10% to 25% of all cases of thrombotic stroke in young people [24].
In contrast to gender comparisons, VAD has a 3:1 female-to-male ratio [18,19].
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Diagnosis

Early diagnosis of VAD is vital for improved outcomes, especially when the presentation is asymptomatic or unclear [23]. A
multidisciplinary team of a radiologist, an emergency care physician, a registered nurse, a neurosurgeon, and a cardiovascular surgeon
most likely sees patients with VADs [21]. The dissection is often diagnosed using a high index of intuition and a variety of imaging
modalities [23].

Non-invasive computed tomography angiography or magnetic resonance angiography is the 2011 joint recommendation of the
American Stroke Association/ American College of Cardiology Foundation/American Heart Association Class I for an initial diagnosis of
suspected VAD [19,21]. Vascular duplex scanning, transcranial Doppler ultrasound, computed tomography (CT), cerebral angiography,

and ultrasonographic examination are other diagnostic procedures (Table 1) [7,21,25].

Table 1: Diagnostic techniques to identify vertebral artery dissection (VAD) [7,21,25].

It is crucial to distinguish VAD from spinal column fracture, fibromuscular dysplasia, cervical stress, subarachnoid hemorrhage,
hypoplasia, aplasia, agenesis of the vessel, severe headache, cerebrovascular disease, ischemia, vasculitis affecting the vertebrobasilar

circulation, or vertebrobasilar atherothrombotic disease by using one of these diagnostic techniques [21].
Management

Early diagnosis and treatment can effectively deter more severe complications of VAD. The management of VAD depends on several
factors, including clinical presentation, symptom onset, anatomical observations, number of vessels affected, and contraindications to

certain medicines.

The 2014 AHA/ASA guidelines recommend thrombolysis or conservative therapy with antithrombotic medications. Combination
therapy of antiplatelets and anticoagulants is associated with an increased risk of hemorrhaging. Thus, its use is contentious [20,23].
Nevertheless, antithrombotic drugs have been used to treat VAD in a few patients. Some of the documented cases are presented in Table
2[23,26,27,28-32].
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Table 2: Case studies on treating vertebral artery dissection (VAD) with antithrombotic drugs.

More potent medications (e.g., intravenous or intra-arterial thrombolytics) are used to manage VAD in particular patients. However, the
safety and efficacy of these agents in patients with VAD-induced acute stroke remain unassessed in randomized controlled studies. Thus,
surgery or endovascular procedures are recommended in patients with chronic or worsening symptoms despite adequate therapeutic

care, those with hemodynamically significant residual stenosis, or those with anticoagulant-related concerns [4].

The prognosis of VAD appears positive because the likelihood of survival with a satisfactory outcome is about 75% or potentially
higher (85.7%) if antiplatelet medications are administered [33]. Furthermore, a study of 200 patients with CAD found that the risk of

recurrent dissection after therapy was about 1% per year after a mean follow-up of 7.4 years [34].

During the acute phase, the fatality rate of VAD is 10%. Severe cerebral dissection, brain ischemia, or intracranial bleeding are the most
common causes of death. Patients who survive the initial crises perform exceptionally well, with long-term repercussions extremely rare
[21].

Antithrombotic medications are commonly used to treat VAD but are associated with complications. Also, these medications are not
recommended for patients with hemorrhagic myocardial infarction or subarachnoid hemorrhage from intrauterine dissection because the
clinical course in these circumstances may deteriorate after anticoagulation. Figure 4 details the other negative impacts of antithrombotic
medication use in treating VAD [17,33,35].

The future of VAD treatment

Differences in the efficacy of currently used antiplatelet and anticoagulant drugs have not been demonstrated, possibly because of

the small number of cases studied. However, extensive studies are underway to determine which of these is more beneficial. In addition,
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Figure 4: Adverse effects associated with antithrombotic drugs in vertebral
artery dissection (VAD) [17,33,35].

hypertension is a known risk factor for VAD, and using antihypertensive drugs to manage blood pressure and lower arterial wall pressure

may be a vital intervention technique [36].

Statin use in VAD management is also being investigated, and the results are awaited [37]. Also, new treatment approaches, including

direct oral anticoagulants and dual antiplatelets for VAD, are being studied [38].
Discussion (Part 2)
Major causes of VAD

A history of a mild triggering incident is typically noted in individuals with spontaneous VAD [39]. Trauma, generally moderate or even
other rotary events, is the cause of dissection in up to 40% of patients [38]. Chronic cough, emesis, sustained head wobbling, thrill rides,
various sports activities (e.g., golf, treadmill running, springboard, and scuba), and surgical and medical procedures (e.g. anesthesia,
intravenous catheter placement, and fine-needle aspiration biopsy of the neck) can trigger a VAD [33,40]. Sudden neck movements can

cause mechanical stretching of the artery wall, leading to dissection [35, 41].

Hyperhomocysteinemia—an abnormally high level of homocysteine in the blood—is another risk factor for dissection, having

homocysteine levels of > 12 mol/L [42].

Connective tissue abnormalities (idiopathic causes), including Ehlers-Danlos syndrome type IV, Marfan syndrome, medial cystic
necrosis of intracranial vessels, autosomal dominant polycystic kidney disease, osteogenesis imperfecta, vessel abnormalities, and

potential predisposing genetic conditions, are also associated with an increased risk of VAD [35,42].

A spike in blood pressure (hypertensive surge) is probably a risk factor for dissection. VA is considered prone to mechanical damage,

considering its known vulnerability to traumatic injury. The endothelial-damaging action of the hypertensive surge may increase the
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likelihood of dissection in the naturally fragile VA. When blood flows into this false lumen, it pushes the intimal-medial layer closer to the

actual lumen of the artery, wholly or partially blocking blood flow and ultimately leading to cerebral ischemia [43].
Discussion (Part 3)
Consequences of VAD

Inflammation occurs in the nape of the neck in 50% of patients, and migraine develops in two-thirds of patients due to VAD. Migraine
usually occurs in the occipital area, but the complete hemicrania or frontal region may be affected in rare cases [24,35,44]. Activated
nociceptors may induce pain due to dissection of the vascular wall. Bilateral neck discomfort or headaches are possible. Unilateral arm
discomfort or paralysis due to cervical-root involvement, commonly at the C5-C6 level, and spinal epidural hematomas are the rare signs
of VAD [24,34].

The most common complication of VAD is cerebral ischemia because of VA blockage. The risk of stroke is highest during the first weeks
after dissection, although it can occur up to a month later. Ischemic complications are more prevalent in extracranial VAD, with a stroke
occurring in 68% of individuals with extracranial VAD compared to 32% with intracranial VAD. Subarachnoid bleeding, on the contrary,
occurs virtually exclusively in individuals with intracranial VAD, with a frequency of around 60% in individuals with intracranial VAD [45].
Isolated cervical spinal cord ischemia is a rare but increasing complication of VAD [24]. Spontaneous VAD occurs in the absence of trauma

and can be a potentially catastrophic event, causing a delay in diagnosis and leading to poor outcomes [46].
Discussion (Part 4)
Treatment of VAD

Individuals with cerebral ischemia due to spontaneous VAD who arrive at the hospital within 3 hours of the onset of the symptoms may
be eligible for systemic thrombolytic treatment. Catheter-directed thrombolysis (dissolution of abnormal blood clots) is recommended
in patients who come to the hospital up to 4.5 hours after the symptom onset or those who are not eligible for systemic thrombolytic
therapy. Individuals not qualified for thrombolytic treatment can receive heparin, aspirin (or other drugs of the same classification), or

endovascular or surgical repair, depending on VAD damage [16].

Anticoagulants and antiplatelets are the preferred agents to prevent thromboembolic diseases arising from VAD [19]. In the acute
phase of VAD, heparin and oral anticoagulants are usually recommended for approximately 3 months. After 3 months, anticoagulants
are typically switched to antiplatelets. Physicians may recommend continuing antiplatelet therapy when arterial abnormalities, such as

stenosis or aneurysms, although evidence for its efficacy remains unclear [4].

It remains uncertain if anticoagulants are superior to antiplatelets in preventing early or late recurrent events. A prospective
observational analysis indicated that aspirin-treated individuals had a greater incidence (12.4%) of recurring transient ischemic attack
and ischemic stroke or death than those treated with an anticoagulant (8.3%). However, the differences were not statistically significant
[47].

Chakrapi., et al. (2008) described a case of a unilateral internal carotid artery (ICA) and VA dissection treated with extended
anticoagulation and dual-antiplatelet therapy. The patient remained asymptomatic at the 6-month follow-up visit and stopped warfarin.
The results of the 1-year CT scan revealed 30% residual dissection in the right ICA and 30 - 50% dissection in both VAs. Based on these

factors, the patient was prescribed clopidogrel for a year (a total of 18 months from the occurrence) and aspirin permanently [48].
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In 2015, the Cervical Artery Dissection in Stroke Study (the first randomized study in the world) compared antiplatelets with
anticoagulants in extracranial carotid and VAD treatment in 250 patients for 3 months. According to the findings, there were no changes
in endpoints between the antiplatelet and anticoagulant groups. Furthermore, recurrent stroke was uncommon (2%) throughout this
period, and both groups had a considerably low rate of adverse effects after dissection [49]. Based on these findings and the results of other
randomized controlled trials, the American Heart Association/American Stroke Association recommends antiplatelet or anticoagulant

medication for at least 3 - 6 months in patients with dissection-related ischemic stroke (Class Ila recommendation) [50].

Endovascular treatment is explored in patients who experience disease progression despite antithrombotic medication, those
with pseudoaneurysms, or those who do not respond to anticoagulation therapy [51]. These treatments are practical, effective, and
comfortable, and have explicit radiographic findings [52]. Balloon angioplasty is the currently preferred endovascular therapy, often
followed by implanting one or more balloon-expandable or, ideally, self-expanding stents. Coil embolization or the placement of a covered

stent may be required in case of associated dissecting aneurysms.

Endovascular treatment for CAD and VAD has excellent short-term clinical and radiological outcomes, with alow, but notinconsequential,
complication rate [24,34,35]. A meta-analysis of 39 observational studies involving various treatment methods for VAD in adults was
conducted to establish the clinical results of patients receiving endovascular therapy. 75.11% reported excellent results, 10.10% reported

good results, and 13.70% reported inferior results. About 10.5% of individuals experienced postoperative problems [53].

Surgical treatment is intended for people with long-term symptoms who have not responded to medications or are not eligible for
endovascular treatment. In situ interposition grafts and extracranial-intracranial bypasses are the surgical treatments recommended for
VAD [24,34]. The position and severity of the damage determine the surgical therapy for VA injuries. Patients with persistent bleeding and
hematoma development may require VA ligation or embolization. Arteriovenous fistulas have been recorded and treated surgically using

several techniques, including embolization and proximal ligation [54].
Conclusion

The pathology of VAD pathology remains unclear. However, it has a multifaceted etiology, including genetic and environmental
components. VAD is critical in young and middle-aged patients with stroke. At least 40% of all ischemic strokes in the posterior fossa are
because of VAD. One of the most prevalent symptoms of VAD is a headache with or without neck discomfort. The primary goals of VAD
treatment are to avoid stroke and improve neurological outcomes. Anticoagulation is used to prevent clot formation, propagation, and
embolization. Antithrombotic medication therapy is empirical rather than based on evidence. Thus, anticoagulants and antiplatelets must

be compared in randomized controlled studies.
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