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Abstract: Cervical Artery Dissection (CeAD) is a frequent stroke etiology for patients younger than 50 years old. The most common
immediate complications related to CeAD are headache and neck pain (65-95%), TIA/ischemic stroke (>50%), and partial Horner’s
syndrome (25%). The prevailing hypothesis regarding the pathogenesis of sCeAD is that the underlying constitutional vessel wall
weakness of patients with sCeAD is genetically determined and that environmental factors could act as triggers. The stroke prevention
treatment of CeAD remains controversial, involving anticoagulation or antiplatelet therapy and potentially emergent stenting and/or
thrombectomy or angioplasty for selected cases of carotid artery dissection with occlusion. The treatment of headache associated with
CeAD depends on the headache phenotype and comorbidities. Radiographically, more than 75% of CeAD cases present with occlusion or
non-occlusive stenosis. Many patients demonstrate partial and complete healing, more commonly in the carotid arteries. One-fifth of the
patients develop dissecting pseudoaneurysm, but this is a benign clinical entity with an extremely low rupture and stroke recurrence risk.
Good recovery is achieved in many CeAD cases, and mortality remains low. Family history of CeAD, connective tissue disorders like
Ehlers-Danlos syndrome type IV, and fibromuscular dysplasia are risk factors for recurrent CeAD, which can occur in 3-9% of the cases.
This review serves as a comprehensive, updated overview of CeAD, emphasizing etiopathogenesis and management.
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Introduction

Cervical artery dissections (CeADs) are uncommon entities of stroke in general; the yearly incidence is estimated to be 2.6-3/
100,000." In a population-based study from Olmsted County, Minnesota, the annual incidence was 1.72/100,000 for carotid
artery dissections and 0.97/100,000 for vertebral artery dissections.” The actual incidence may be higher because of numerous
asymptomatic cases. However, CeADs are relatively common causes of acute ischemic stroke in young and middle-aged groups,
accounting for up to 25% of such cases.” Strokes in the young and middle-aged have a disproportionately more significant
economic impact than stroke in the elderly.* Beyond neurologic ischemic events, CeADs can also cause various immediate
complications, such as headache and neck pain, cranial neuropathies, Horner’s syndrome, pulsatile tinnitus, or long-term
complications, such as pseudoaneurysm formation.> Many studies investigating CeADs focus on managing immediate
complications, particularly ischemic stroke or TIA, with short-term follow-up.®® The primary purpose of this review is to
provide an in-depth literature review of various other immediate and long-term complications of CeADs and their management.
Additionally, we highlight the pathophysiology, etiology, and essential imaging characteristics of CeADs.

Pathophysiology
The arterial wall includes five layers; from the lumen outwardly in order; tunica intima (also known as the endothelium),
internal elastic lamina, tunica media (muscular layer), external elastic lamina, tunica adventitia (Figure 1).

Bilateral common carotids (and their branches) and bilateral vertebral arteries constitute the cervical arterial
vasculature. A tear in the tunica intima of the vessel wall is the most common triggering event in the pathophysiology
of CeADs.” Immediately after the initial tear, blood dissects into the space immediately under the tunica intima (false
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Figure | Normal blood vessel structure, flow patterns (depicted with red arrows) and mechanism dissection and related embolism.
Note: Used with permission of Mayo Foundation for Medical Education and Research, all rights reserved.

lumen or pseudolumen), which causes an intramural hematoma'® (Figure 1). In some cases, CeAD can be triggered by
a primary intramural hematoma, without an intimal tear."' In CeADs related to trauma, pathogenesis also potentially
includes other factors such as a shear injury in the setting of extreme neck movements, direct vascular injury, intraoral
traumas, and direct laceration from fractured bones.'? Once formed, intramural hematomas can become enlarged due to
bleeding in the vasovasorum of tunica media.'* The downstream effect of this intramural hematoma depends on its
location. If subintimal, the hematoma often leads to arterial stenosis and/or occlusion. If subadventitial, it often leads to
the formation of a pseudoaneurysm, often called a dissecting pseudoaneurysm.

The effects of CeADs are often related to mass effect, arterial stenosis, and distal thromboembolism. The mass effect
from dissecting pseudoaneurysms can result in Horner’s syndrome (oculosympathetic paresis), pulsatile tinnitus, cranial
or cervical root neuropathies, neck pain, or headaches.>'*'” The dissection site itself is highly thrombogenic. This is
related to both turbulence and stagnation of the local blood flow (especially in the case of significant luminal narrowing)
and exposure of blood to local subintimal thrombogenic factors.'®

Etiology

More than half of the CeAD cases are spontaneous; prior trauma is identified in only up to 40% of cases. Most traumatic
events (up to 90%) are mild or trivial insults.'® Cervical chiropractic neck manipulations, heavy lifting, sport associated
injuries, and whiplash are the most common etiologies,'®'® Other etiologies like childbirth, coughing, sneezing,
vomiting, practicing yoga or vigorous exercise have been implicated.”**' Of the major traumatic events leading to
CeADs, half are due to motor vehicle accidents, followed by assault, falls, and hanging.'? Many other factors have been
implicated in increasing a patient’s risk for CeADs, including connective tissue disorders, acquired conditions such as

686 hetps: Vascular Health and Risk Management 2022:18

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Keser et al

infection, hypertension, and anatomical aberrations such as elongated styloid processes. An observational study of
patients with CeAD reported that recent infection was more common in the internal carotid artery while preceding
minor neck trauma in vertebral artery dissection.””

Collagen Vascular Disorders and CeAD

Although underlying collagen vascular disorders that meet diagnostic and genetic criteria is uncommonly found in
CeADs (1-5% of spontaneous CeADs), isolated mild connective tissue abnormalities in skeletal, ocular, and skin systems
(ie, joint hypermobility or multiple dislocations, easy bruising, poor wound healing or easy bruising) are frequently
observed in patients with spontaneous CeAD (50-96%)*> % Patients with subclinically increased vascular tortuosity or
enlarged aortic root diameter are also more prone to have CeAD.?**” Hence, most cases of so-called spontaneous CeAD
likely occur in the setting of systemic yet poorly defined mild connective tissue disorders.

Fibromuscular dysplasia (FMD), a non-atherosclerotic and non-inflammatory arteriopathy characterized by multiple
focal stenosis and tortuosity and commonly seen in middle-aged women, has a significant association with CeADs
(Figure 2). More than 10% of patients with FMD have been found to have CeADs with dissections most commonly
involving the cervical carotid arteries; vertebral artery involvement is rarer. More than 90% of dissections in FMD are in
the carotid or vertebral arteries.”® Interestingly, patients with FMD are more likely to experience clinically symptomatic
vascular events following dissections and tend to undergo endovascular interventions more commonly than patients with
dissections but without underlying FMD.*” Close to 40% of patients with spontaneous CeAD were found to have FMD.*’
The Italian Project on Stroke in Young Adults Cervical Artery Dissection (IPSYS CeAD) study, a multicenter observa-
tional cohort study reported that cerebrovascular FMD was found in 8% of all patients with spontaneous CeAD.’!
Additionally, CeAD patients with cerebrovascular FMD, compared to patients without FMD, had more intracranial
aneurysms, and more likely to be diagnosed with migraine (any migraine, regardless of subtype). The occurrence of
preceding minor trauma was inversely associated with cerebrovascular FMD.*!

Overall, the majority of the patients with CeAD have either subtle subclinical signs of underlying connective tissue disorder
or are diagnosed with multisystemic connective tissue abnormalities that meet clinical, radiographic, and/or genetic criteria.

Anatomical Considerations

An elongated styloid process is not uncommon in the general population (incidence ranging from 4% to 28%). In rare
cases, this anatomic anomaly can cause irritation and compression of the maxillio-vertebral recess, which contains the
internal carotid arteries, internal jugular vein, and cranial nerves (Eagle syndrome) (Figure 3).*% In addition, elongated
styloid processes have also been implicated in CeADs, likely related to direct mechanical injury.®* As such, few authors
have recommended surgical shortening of the styloid process.>” However, given that it is a relatively common anatomical

Irregularities of
the vessel

Figure 2 Prominent tortuosity of bilateral vertebral (A) and carotid arteries (A and B) in a patient with fibromuscular dysplasia (FMD).
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Figure 3 Impingement of internal carotid artery (ICA) due to elongated styloid process (Eagle’s syndrome).
Note: Used with permission of Mayo Foundation for Medical Education and Research, all rights reserved.

variant, such invasive procedures should only be considered after extensive studies ruling out other etiologies or if
patients have recurrent dissections without clear etiologies.

Genetics of CeAD

A positive family history should be a risk factor if a disease is genetically mediated. In other words, the condition would
show a clustering pattern within pedigrees. However, the evidence favoring familial aggregation of spontaneous cervical
artery dissection (sCeAD) is somewhat limited.>* Previous reports have reported a positive family history in 2-3% of
their moderate size cohorts (181-200 patients).35’36 In two large (n = 1934 patients) international multicenter cohort
studies recruited in 23 neurologic departments participating in the Cervical Artery Dissection and Ischemic Stroke
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Patients (CADISP)-plus consortium, only 1.03% of the patients (20 patients, 17 families) had a family history of
CeAD.” Similarly, 16 patients (1.0%) with a first-degree family history of arterial dissection were found among the
1530 patients with sCeAD included in the multicentre IPSYS CeAD.?” It might be that a family history of sCeAD was
overestimated in the early studies due to recruitment and selection biases.*® Still, the rate of asymptomatic cases poses
a problem for understanding the actual incidence of familial CeAD. Overall, it is hard to estimate the prevalence of
familial cases accurately. It is even more challenging to study the observed and expected prevalences of familial sCeAD
based on mere coincidence and gauge the contributory role of genetic factors in the development of sCeAD.
Notwithstanding, the available evidence suggests that 1) the involvement of the same artery within the families, 2)
younger age at the first dissection (mean age of familial sCeAD is 38.7 vs 42-44 years of age in the general

3839 and 3) increased risk of recurrent or multivessel sCeAD.>® These findings potentially indicate that the

population),
familial occurrence of sCeAD is not entirely coincidental. A higher incidence of familial dissections in other locations,
such as renal or intracranial arteries, or aorta, also suggests a genetic predisposition to sCeAD.*® Not infrequently,
patients with CeAD have comorbid vascular conditions, such as FMD,*® aortic root dilation,*' hyperdistensibility of the
arterial wall,** or endothelial dysfunction,”® and an association with intracranial aneurysms** for which an underlying
genetic predisposition is assumed. Finally, various skin biopsy studies reporting a high prevalence (over 50%, most
manifested as composite collagen fibrils and fragmentation of elastic fibers) of connective tissue abnormalities* " in
cases with sporadic CeAD also support the role of genetic predisposition in CeAD. These connective tissue aberrations

are likely transmitted in an autosomal-dominant fashion***°

without meeting the diagnostic criteria for known mono-
genic connective tissue disorders.

Overall, there are solid arguments supporting the hypothesis that genetic factors play an essential role in the
pathophysiology of sCeAD, in rare cases as part of a single gene disorder and more commonly as part of
a multifactorial predisposition.’® The prevailing hypothesis regarding the pathogenesis of sCeAD is that the underlying
constitutional weakness of the vessel wall of patients with sCeAD is genetically determined and that environmental

factors such as acute infection or minor trauma could trigger it.

Single Gene Disorders Causing sCeAD

When investigating skin biopsies in patients, candidate gene mutations were typically selected based on a presumed
association between CeAD and common connective tissue abnormalities in known connective tissue disorders. Genes
known to carry mutations responsible for vascular Ehlers-Danlos syndrome (EDS IV, OMIM 13050; COL3A1 gene),
Marfan syndrome (MFS, OMIM 154700; FBN1 gene), pseudoxanthoma elasticum (PXE, OMIM 264800; ABCC6 gene),
osteogenesis imperfecta, and Loeys-Dietz syndrome, as well as other genes involved in the synthesis of extracellular matrix
components were analyzed in series of consecutive patients with sCeAD, with mostly negative results. The reported rate of
hereditary connective tissue disorders (HCTD) in sCeAD is, overall, very low (0.5%-2.0% for EDS 1V; 0.6%—0.9% for
MFS).”! Similarly, with few notable exceptions,’> sCeAD is rare among patients with a proven diagnosis of HCTD.

On the other hand, the main limitation in linkage studies on sCeAD is the small number of large families with only
several members affected.> An alternative approach for linkage studies can be studying families with only one member
affected by sCeAD but several others having dermal connective tissue aberrations (intermediate phenotype).*”*
However, none of the analyses performed to date have identified any significant linkage peak.

Interestingly, taking advantage of the potential of the new generation sequencing (NGS) approach, Grond-Ginsbach
and co-workers identified pathogenic mutations in different genes related to arterial connective tissue phenotypes in 4 out
of 9 Caucasian pedigrees with a family history of sCeAD investigated by a panel of 11 pre-defined candidate genes.>
The same research group, later on, detected CeAD-causing variants in 5 out of 17 pedigrees analyzed by whole-exome
sequencing,” hence, underscoring that the importance of monogenic alterations in disease pathophysiology is especially
prominent in patients with familial sCeAD.

sCeAD as a Complex Disease
For most patients with CeAD, there is no evidence of an underlying monogenic disease, and the etiology of CeAD is
multifactorial. Early studies conducted based on the candidate gene approach yielded inconsistent results. However, these
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studies have remarkably small sample size, mainly due to the low incidence of sCeAD, which makes it challenging to
have adequate power.>® In 2015, the investigators of the CADISP project created a consortium dedicated to the genetics
of sCeAD and reported the first reliable association based on the results of a genome-wide association study (GWAS) in
1393 patients with CeAD and 14,416 controls.’® They revealed that the allele A of a genetic variant (rs9349379) of the
phosphatase and actin regulator 1 gene (PHACTR1) was identified as a risk factor for CeAD (OR = 1.33, p =4.46 x 10
—10). One year later, Kiando and co-workers similarly showed that the same rs9349379[A] allele of PHACTR1 was
similarly associated with an increased risk for FMD (OR = 1.39, p < 7.36 x 10—10).>” Moreover, a pooled meta-analysis
from various GWAS (29 studies, 23,285 patients) showed an association between rs9349379[A] and an increased risk of
migraine without aura (p < 2.81 x 10-10),’® which is more commonly seen in both FMD and CeAD. These interesting
findings support an overlap between FMD, CeAD and migraine. More intriguingly, another meta-analysis of 4 large
GWAS including 15,420 individuals with coronary artery disease and 15,062 controls, showed an association between
the same allele, 1s9349379[A] and decreased risk of coronary artery disease (p = 5.8 x 10-19).>’

Even though rs9349379 is positioned in a PHACTR1 intron, it is located 54 kbp upstream of the PHACTRI1
transcription site, which takes a role in building arterial endothelial and smooth cells. This site is also close to (about
265 kbp upstream) another PHACTR transcription start site taking a role in macrophages.®® PHACTR1 expression was
positively correlated with the homozygous A allele at rs9349379 in healthy subjects’ skin macrophages and fibroblasts.®!
The effects of homozygous rs9349379[A] or [G] on gene expression were recently studied with the help of induced
pluripotent stem cells and CRISPR-Cas9 modification and found the rs9349379[G] genotype increases the expression of
endothelin-1 (ET-1).°> The precursor of ET-1 is encoded by the EDN1 gene, which is located 600 kbp upstream of
1s9349379. As a further evidence, higher levels of Big ET-1, a precursor of ET-1, was shown in the plasma of healthy
subjects harboring G allele, at least in the homozygous state. ET-1 is a potent vasoconstrictor (through smooth muscle
contraction) and also takes a role in the proliferation and migration of smooth muscle cells. Interestingly, it is an essential
component in vascular relaxation through endothelial cells.®> Thus, the imbalance of ET-1 appears to be crucial in the
association of rs9349379 to various cardiovascular diseases. However, further investigation of the mechanisms involved
in non-atherosclerotic disorders like CeAD and FMD is still required.

Recent Infections and CeAD
Recent upper respiratory tract infections, flu, and gastrointestinal infections were more common in patients with
spontaneous CeAD, though the underlying mechanism and causal association are unclear. This association was inde-

pendent of coughing and sneezing that might induce a dissection.®*¢

Vascular and Other Risk Factors and CeAD

Vascular risk factors®® for CeAD include typical vascular risk factors such hypertension, smoking,**®’

and elevated
homocysteine levels.****%° Other related risk factors, such as oral contraceptive use,’® and pregnancy, especially in the
postpartum period,’® were also shown to be associated with CeAD.

Observational studies reported an association between migraine and CeAD. One-fifth to one-third of CeAD patients
were found to have comorbid migraine. The IPSYS study included 2485 patients aged 18—45 with first-ever acute stroke.
334 (13.4%) of patients had an ischemic stroke because of a CeAD. Migraine was more common in the CeAD group
compared to those who did not have CeAD (30.8% vs 24.4%, p = 0.01), and it was mainly due to migraine without aura
(24.0% vs 15.6%, p < 0.001). A previous systematic review and meta-analysis reported that migraine is associated with
a twofold increased risk of CeAD.”" Genetic studies have also identified shared single nucleotide polymorphisms (SNPs)
between CeAD and migraine.*®

In sum, most CeAD cases are either spontaneous or due to mild trauma. There is a strong association between CeAD
and FMD and EDS type IV. It is plausible that CeAD is secondary to clinical or subclinical systemic connective tissue
disorder in many cases. Elongated styloid processes are relatively common anatomic variants and should only be
considered as the culprit of dissection after extensive work up has been done ruling out other etiologies. The exact
genetic underpinnings of dissections are still not exactly clear at this point. The causal relationship with other comorbid
conditions like recent infections and vascular risk factors is not well characterized. Like many other cerebrovascular
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pathologies, many cases suffer from CeAD due to the compound or additive effect of different elements. It is reasonable
speculation that underlying connective tissue disorder leads to a baseline vessel wall weakness in cervical arteries. Other
factors such as trivial trauma, recent infection, and pregnancy become triggering factors of acute CeAD in those cases.

Imaging

The American Heart Association (AHA) recommends computerized tomography angiography (CTA) or magnetic
resonance imaging (MRI) with fat suppression/MRA as the first-line non-invasive imaging techniques for CeAD’*
(Figure 4). Diagnostic angiography (DSA) is the gold standard for diagnosis when in doubt or when an intervention such
as stenting is needed.”® The most common signs are the flame-shaped tapering of the contrast within the vessel, and false
lumen formation.

In general, compared to MRA, CTA 1) has a better spatial resolution (potentially better at visualizing dissections in a small-
caliber vertebral artery), 2) can be acquired faster, 3) is more readily available in most healthcare settings, and 4) is superior at
diagnosing pseudoaneurysms and intimal flaps.”> Compared to DSA, the gold standard, sensitivity, and specificity for
diagnosing CeAD ranges between 65% and 100%.”*"* Classic signs of CeAD in dissection in DSA are 1) flame-shaped
“contrast tapering off” luminal stenosis or occlusion, 2) intimal flaps 3) dissecting aneurysm or pseudoaneurysm.””

MRA/MRI with fat suppression is superior to CTA at identifying small intramural hematomas and provides better
vessel wall resolution.!" MRI also provides for sensitive detection of ischemic strokes. Classically, dissections on MRA
appear as a region of crescentic hyperintensity on T1 fat-saturated images, representing the intramural hematoma. This
can be seen without or with associated luminal narrowing and enlargement of the vessel wall diameter.”® MRI-based
technologies are also open to advances more than CTA and more advanced sequences like double inversion-recovery,’’
diffusion-based multisection motion-sensitized driven equilibrium imaging.”® Compared to DSA, MRA has 50-100%
sensitivity and 30-100% specificity for detecting CeAD."*

Duplex sonography can also be used to diagnose CeAD, though this tends to be infrequently employed. One benefit
of duplex over MR/CT-based imaging is that the flow dynamics can be assessed. On duplex imaging, CeADs may be
recognized by the finding of a double lumen or hyperechoic intramural hematoma.”

In sum, CTA or MRA/MRI with fat saturation is an appropriate initial diagnostic imaging tool to detect CeAD.
Although CTA has widespread availability and faster acquisition times, advances in MR-based technologies with higher
resolution and field of strength features might become a preferable technique to study dissections further. DSA remains
the gold standard for CeAD diagnosis.

Immediate Complications

The most common immediate complications related to CeAD are head and neck pain, TIA/ischemic stroke, and partial
2,5,22

Horner’s syndrome.

Figure 4 (A) Intramural hematoma in the vessel wall of the left cervical internal carotid artery (ICA) (hyperintense signal on T1w). (B) The dissection with false lumen in
the origin of the left vertebral artery. Of note, no dissection in the subclavian or aorta is noted. (C) Dissection flap and double lumen sign of the left cervical ICA. Pathologies
are highlighted with red arrows.
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TIA/Ischemic Stroke

More than half of the cases with CeAD experience TIA or ischemic stroke® (Figure 5). An interesting study utilizing
nationwide inpatient data revealed that the prevalence of dissection among stroke hospitalizations was around 7%
between age 18-40.7°

As with other ischemic strokes, the management of neurologic ischemic due to CeAD has two components: hyperacute
treatment and secondary stroke prevention. The degree of luminal stenosis, presence of occlusion, intraluminal thrombus
formation on the dissection sites, the amount of tissue at risk, and the intracranial extension of CeAD are essential factors.

Hyperacute Treatments
Many studies have investigated the safety and efficacy of thrombolytics in hyperacute ischemic stroke and CeAD.
Although the rate of favorable outcomes in ischemic strokes due to CeAD after thrombolytics is lower compared to

stroke due to other etiologies,?*®!

the safety profile of thrombolytics is similar. Thus, despite the theoretical risk of
intramural hematoma expansion, thrombolytics should never be held due to the presence of CeAD.*?

For anterior circulation intracranial large vessel occlusions (LVO) secondary to CeAD, mechanical thrombectomy
(MT) is safe and efficacious.®® ® Therefore, like any other etiologies, MT should be offered to patients with anterior and
posterior circulation LVO and CeAD. For the cases with occlusive CeAD and intracranial LVO (tandem occlusion),
emergent stenting of the internal carotid artery is safe and leads to more successful reperfusion. However, 90-day

functional outcomes were similar to patients with angioplasty or aspiration only.®’

Stroke Prevention

In addition to aggressive vascular risk factor, antithrombotic strategy with either antiplatelet or anticoagulant use should
be implemented as primary or secondary stroke prevention in CeAD for at least three months.*®**° The main decisions to
be made are 1) between antiplatelet and anticoagulation therapy and 2) therapy duration. To date, there are two multi-
center, open-label, assessor-blind international trials: CADISS”* and TREAT-CAD.,® investigating the safety and efficacy

Figure 5 Right cervical internal carotid artery (ICA) dissecting pseudoaneurysm (white arrow) (reconstructed images from MRA) (figure on the left) and ipsilateral stroke
on the ICA territory.
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of anticoagulation and antiplatelet therapies for stroke prevention in CeAD. Due to the low incidence of CeAD, the
sample size (250 in CADISS and 194 in TREAT-CAD) in both trials was lower than other large stroke trials. Also, stroke
risk within the first 12 months after CeAD is 2.4%, which is remarkably lower than other stroke etiologies. All taken into
consideration, power analysis in CADISS trials showed that the sample size needed to show a meaningful difference
between stroke prevention strategies in CeAD is around 10,000 patients.

Both trials included acutely symptomatic patients (<7—14 days) with either vascular events or local symptoms like
pain and Horner’s syndrome; most included participants experienced either TIA or stroke. Treatment protocols in
CADISS were more liberal than TREAT-CAD. They allowed treating clinicians to decide on an antiplatelet regimen
(~45% received dual antiplatelet therapy) and an anticoagulation regimen (90% heparin to warfarin bridge vs 10%
warfarin alone). In TREAT-CAD, the antiplatelet group received 300 mg aspirin, and anticoagulant group vitamin
K antagonists (VKA) (target international normalized ratio (INR) 2-3); dual antiplatelet therapy used as off-label in
clinical practice was not allowed. Another treatment regime — direct oral anticoagulants — heavily used as off-label in
real-life clinical practice with likely better safety profile was not used in these trials. Both trials provided follow-up
outcomes within three months, but CADISS trial investigators later published one-year follow-up results.”

Ipsilateral stroke occurred in 2% of the patients in the antiplatelet group and 1% in the anticoagulant group with one serious
hemorrhagic complication (subarachnoid hemorrhage) in the anticoagulant group.® Ipsilateral stroke or TIA was 2.4% in both
groups in 12-month follow-up.’

TREAT-CAD trial was conducted to show non-inferiority of aspirin to VKA. The primary endpoint was a composite
outcome that included ischemic or hemorrhagic stroke, death, or new subclinical ischemic or hemorrhagic lesion on brain
MRI. The primary endpoint occurred more commonly in the aspirin group (23% vs 15%). Only one major bleed event
(gastrointestinal bleed) happened in the VKA group. The aspirin group experienced more strokes or transient ischemic attack
(8%) than the VKA group (2%). The composite outcome failed to show that aspirin was non-inferior to VKA. Although
comparisons across trials should be made cautiously, a higher rate of stroke in the aspirin group of TREAT-CAD compared to
antiplatelet therapy in CADISS may potentially be explained by the lack of dual antiplatelet therapy in TREAT-CAD.

Although there is no clear consensus on an antithrombotic treatment regimen for stroke prevention in CeAD, the opinion
of our group, as well as certain experts in the field,”" favors anticoagulation then transitioning to antiplatelet therapy after
stable imaging and clinical course.”” This is identified as a knowledge gap in the current guidelines.”® Especially, if there is
intraluminal thrombus and significant luminal narrowing, or recurrent TIA/strokes, anticoagulation might be preferred
choice. Data for DOACs in CeAD are limited, but it can be considered in selected cases.”>** Caution is advised with
anticoagulation use in patients with large ischemic stroke, ischemic stroke with hemorrhagic conversion, and CeAD with
intracranial extension. In patients with CeAD and recurrent TIA or strokes, endovascular therapy can be considered for
stroke prevention.”® The benefit of long-term antithrombotic is unclear, especially in cases who have full healing and
a recent study showed that it may be reasonable to discontinue after the acute period.”

Headache and Neck Pain

Headache or neck pain are amongst the most common symptoms after CeAD (65-95% of cases).>'* In a cohort of 161
patients, headache was the initial manifestation of CeAD in 47% patients with internal carotid dissection and 33%
patients with vertebral artery dissection.”® In the Cervical Artery Dissection and Ischemic Stroke Patients observational
study, 982 patients with either internal carotid artery (n = 619) or vertebral artery (n = 327) dissection were included.
Compared to patients with vertebral artery dissection, patients with internal carotid artery dissection reported headache
upon presentation more frequently, but less likely to have neck pain or ischemic stroke.*

Headache associated with CeAD is typically severe. Migraine-like headache is common, though cluster headache and
thunderclap headache have also been reported.””-*®

A recent and relatively sudden (thunderclap at times) onset of intractable severe head or neck pain, especially when
accompanied by other neurological deficits, should raise suspicion for CeAD."’

Typically, carotid dissections present pain in the ipsilateral temporal area and vertebral dissections in the ipsilateral
occipital area”® (Figure 6). Also, isolated neck pain tends to be milder than isolated headaches.””
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. Internal carotid artery

|:| Vertebral artery

Figure 6 Headache or neck pain locations with internal carotid (pink) and vertebral artery dissections (green).
Note: Used with permission of Mayo Foundation for Medical Education and Research, all rights reserved.

No studies specifically tested pharmacological treatments for dissection-induced headache. In real-life practice,
migraine preventive and acute treatments are commonly used, though in patients with ischemic stroke or arterial stenosis,
whether associated with CeAD or not, triptans should be avoided.

Horner’s Syndrome

One-fourth of patients with CeAD present with partial Horner’s syndrome (miosis, ptosis, and but not anhidrosis)
(Figure 7), which is the third most common symptom of CeAD. Post-ganglionic third-order oculosympathetic nerve
fibers are located in the carotid sheath adjacent to the internal carotid and can be compressed by enlarging vessel wall
secondary to intramural hematoma or a dissecting pseudoaneurysm.'®® Horner’s syndrome can also occur after

Figure 7 Partial Horner’s syndrome of the left eye; ptosis and miosis.
Note: Used with permission of Mayo Foundation for Medical Education and Research, all rights reserved.

694 htps: Vascular Health and Risk Management 2022:18

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Keser et al

a brainstem stroke secondary to vertebral artery dissection. Nerve fibers controlling facial sweating are located adjacent
to the external carotid and are spared by internal artery dissections.

Pulsatile Tinnitus

8% of patients with CeAD reported pulsatile tinnitus, which is more often associated with carotid dissections. This could
be related to the fact that the petrous segment of the internal carotid artery is located near the tympanic cavity.
Interestingly, patients who experience pulsatile tinnitus tend to have a more favorable clinical course and experience
ischemic stroke less commonly.'"!

Cranial Neuropathies

Cranial neuropathies typically occur with carotid artery dissections and 12% of spontaneous carotid dissections can have
isolated or multiple cranial nerve palsies.'> Half of the cases experience lower cranial neuropathies due to the local mass
effect from hematoma (IX, X, XI, XII). Figure 8 A demonstrates that lower cranial nerves travel adjacent to the internal
carotid artery. Patients can also experience cranial nerve III, IV, V, VI palsies.'”> The hypoglossal nerve is the most
commonly involved nerve palsy.'*

Cervical Radiculopathy/Myelopathy

Compressive cervical radiculopathy, most commonly at C5-C6 level (Figure 8B) or myelopathy secondary to compres-
sion or spinal cord ischemic stroke or subarachnoid hemorrhage, can rarely occur secondary to vertebral artery
dissection,'®-1%*

Patients with CeADs may experience ischemic damage to the brain or spinal cord due to distal embolization or vessel

occlusion, and may also have local compressive symptoms such as head/neck pain, partial Horner syndrome, pulsatile

Glossopharyngeal n.

Pharyngeal branch
of vagus n.

Hypoglossal n.

Internal laryngeal n.

Vagus n.

Figure 8 (A) Lower cranial nerves traveling adjacent to the internal carotid artery. (B) Patient presenting with C5 radiculopathy is found to have a prominent left vertebral
artery pseudoaneurysm compressing the nerve roots at C5 level (shown by the red arrow).
Note: Used with permission of Mayo Foundation for Medical Education and Research, all rights reserved.
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tinnitus, and/or cranial or cervical neuropathies. However, patients with CeAD could also remain asymptomatic, which
leads to underdiagnosis of the condition present as an incidental finding when head imaging is arranged.

Long-Term Outcomes

There are limited data available for long-term recovery and outcomes of CeAD. Like other cerebrovascular pathologies,
the primary functional recovery measure from stroke due to CeAD was the modified Rankin Scale (mRS). Although
limited, some studies report long-term evolution of vasculopathy and local compressive symptoms.

Spontaneous Healing of the Vessel

One-fourth of cervical carotid dissections and half of the vertebral artery dissections present with occlusion, whereas
56% of patients of cervical carotid dissections and 39% of vertebral artery dissections have non-occlusive stenosis.”
Radiologically, many patients demonstrate “remodeling” and complete healing can be seen in approximately a third of
cases, more commonly in the carotid arteries. Such healing occurs for the most part in the first three months, and 82% of
healed CeADs did so within the first year.” Similarly, after complete occlusion of the carotid artery, the rate of complete

recanalization is 16% at one month, 50% at three months, and 60% at 6 and 12 months.'*’

Dissecting Pseudoaneurysm Formation

Dissecting pseudoaneurysm is a type of aneurysm that occurs secondary to dissection related intramural hematoma
growing towards the adventitial layer. In one series, dissecting pseudoaneurysms were seen in 19% of carotid dissection
and 11% of vertebral dissections. In another series, dissecting aneurysms were present in up to 49.3% of patients with
CeAD, and patients with aneurysm formation were more likely to have multiple CeADs, arterial redundancies, migraines,
and symptoms.'% 83% of vertebral artery aneurysms and 54% of carotid artery aneurysms either resolved or improved.

However, patients with dissecting aneurysms in CeADs tend to remain asymptomatic.'®®'"”

Recurrent Transient Ischemic Attacks/Strokes and Dissections

The risk of recurrent TIA/stroke ranges between 0% and 13%, and most recurrent events occur within the first few weeks
after the dissection.>> Multiple dissections, worsening stenosis/occlusion, and very rarely chronic dissecting aneurysm
along with vascular risk factors such as hypertension, or can be associated risk factors for recurrent TIA/strokes.” %!
Patients experiencing recurrent events might benefit from endovascular interventions with good short- and long-term
outcomes.

Although recurrent CeAD is rare in most series (<5%), a recent large cohort revealed it could happen in up to 9.2%.
Most recurrent events occur within the first two months.***!">!13 It is possible that late recurrences are underreported.''
Younger age, family history, connective tissue disorders like EDS type IV, and FMD were risk factors associated with
recurrent CeAD.?%!'3!15:11¢ The [PSYS CeAD study reported a recurrence rate of 3.3% at a median follow-up of 34

months. Cerebrovascular FMD and a history of migraine were independent predictors of CeAD recurrence.”’

Clinical Outcome
Half of the CeAD patients suffer from a reduced quality of life.”*''® Good recovery (mRS 0-2) is achieved in 75-92% of
CeAD cases.”'! Mortality in CeAD is estimated to be low <5%.%>!"" Functional recovery from ischemic stroke due to
CeAD is no different from any other stroke when controlled for age and other factors.''” Presence and severity of the
stroke, arterial occlusion, type of vessel (carotid >vertebral), and older age are associated with worse functional
outcomes, 3+111:118.119

With the healing of carotid dissection, partial Horner’s syndrome usually improves, but the long-term prognosis of
Horner’s syndrome in CeAD is not well studied. Typically, pulsatile tinnitus resolves approximately 2—3 months after the
initial injury.'?®'?" Unless there is significant parenchymal damage in the brain or spinal cord, compressive symptoma-

tology improves and resolves over a few months with the resolution of intramural hematoma.>'*!??
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Conclusion

Despite being a relatively rare entity, CeAD accounts for approximately 25% of ischemic stroke in patients younger than 50
years old. Most cases are caused by a tear in the intimal layer of the vessel with subsequent intramural hematoma. In the
acute setting, CeAD leads to either embolization causing TIA/strokes or local compressive symptoms. Hyperacute treatment
of stroke in CeAD mirrors that of other ischemic strokes, which includes thrombolytic and endovascular thrombectomy when
indicated. The benefit of emergent stenting in addition to thrombectomy in tandem occlusions, for cases of internal carotid
artery dissection, remains unclear. Antiplatelet or anticoagulation therapy is also used though more studies are needed to
reach a consensus on secondary stroke prevention. The topic of CeAD would continue to benefit from additional research
studies. Specifically, an updated epidemiological study would help determine the true incidence of CeAD, and large-scale
studies could help determine the natural history of the disecase and develop consensus treatment strategies.

Disclosure
Dr Giuseppe Lanzino reports Consultant: Superior Medical Editors: Nested Knowledge. The authors report no other
conflicts of interest in this work.
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