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Background: Craniocervical arterial dissection is a commonly reported arteriopathy associated with
stroke in children. It is characterized by a high stroke recurrence rate and variable outcomes. Here we
review the pathophysiology, clinical presentation, and diagnostic neuroimaging approaches that are
helpful in accurate diagnosis and follow-up of children with arterial dissection.

Methods: MEDLINE searches (2000 to 2018) for articles that contained patients aged less than 18 years

Keywords: with craniocervical arterial dissection was performed, with the goal of analyzing their presenting fea-
Dissection . . . . . A . >
Stroke tures, pathophysiological mechanisms, and imaging characteristics and interventions.

Results: Sixteen articles met the study criteria and reported 182 cases of craniocervical arterial dissec-
tion, 68% male, average age 8.6 years. Dissection was associated with head and neck trauma in 56% of the
cases and frequently involved the posterior (61%) and extracranial locations (64%); the vertebral artery
was the most commonly involved artery (60%). The most common clinical presentation was hemiparesis
(80/160, 50%), followed by headache (64/164, 39%). Magnetic resonance imaging was the preferred
neuroimaging method, followed by cerebral catheter angiography as a gold standard definitive neuro-
vascular imaging modality when the initial vascular imaging revealed nondiagnostic findings.
Conclusions: The diagnosis of arterial dissection requires a high index of suspicion and consideration for
detailed neurovascular imaging, including both the cranial and cervical regions. Neurovascular imaging
challenges, especially visualization of arterial abnormalities, highlight the importance of appropriate and
timely use of specific neurovascular imaging techniques. Magnetic resonance imaging appears to be the
preferred neurovascular imaging modality in children with arterial dissection and may obviate the need
for invasive cerebral catheter angiography.

Arterial imaging
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Introduction

Craniocervical arterial dissection (CCAD) is among the most
commonly reported cerebral arteriopathies associated with arterial
ischemic stroke (AIS) in both children and young adults. In adults
an annual incidence for CCAD is estimated at 2.5 to 3 per 100,000
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persons per year.' In children the exact incidence of CCAD is not
known and tends to be under-reported, largely owing to the missed
and inaccurate diagnoses.>> CCAD accounts for 7.5% to 20% of all
childhood AIS cases,*”” with an annual incidence of all AIS esti-
mated at 2.5 to 8 per 100,000 children per year.®!!

Head and neck trauma accounts for more than half of all pedi-
atric dissection cases, but in the remainder, dissection is classified
as spontaneous with no obvious trauma.>®!'>!> The risk of trau-
matic CCAD increases with the severity and type of trauma; it
frequently occurs in the context of major mechanical, whiplash, and
penetrating injuries. A few cases of CCAD (up to 2%) are also re-
ported in association with blunt injuries.'*!” Interestingly, in up to
25% of childhood CCAD cases, trauma can be minimal, such as neck
hyperextension or manipulation, physical effort, or participation in
contact sports.'®'® With spontaneous CCAD, at least 5% to 20%
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children have an underlying risk factor."”'*-?> These commonly
include connective tissue diseases, genetic disorders, anatomic
bony and vascular variations, and familial segregation.'*?>?4 In
addition, ultrastructural aberrations of dermal collagen or elastic
fibers and neuroimaging findings of tortuous cervicocephalic ar-
teries are reported in 19% to 68% of both pediatric and adult
spontaneous CCAD cases, suggesting another vascular associa-
tion.?>%7

The clinical presentation of CCAD is highly variable depending
on the location and the extent of arterial injury and is non-
differentiating from other causes of AIS aside from a history of head
and neck trauma or pain or the presence of cranial nerve
palsies.”>'”1° In the context of recent trauma, physicians often
suspect CCAD; however, the diagnosis is either not confirmed or
remains presumed because of the difficulties in demonstrating
diagnostic neuroimaging features of CCAD.

Children with CCAD require an accurate diagnosis and prompt
treatment along with close monitoring, as they carry a notably high
recurrence rate for subsequent cerebral ischemic events®!228-31
and their outcomes can be highly variable, ranging from a com-
plete recovery to moderate neurological deficits.”®'%!7?! The use of
appropriate neurovascular imaging techniques is necessary to
make a definitive diagnosis of CCAD. Owing to its high sensitivity
and specificity, magnetic resonance imaging (MRI) has become a
preferred neurovascular imaging modality in children with sus-
pected dissection.'®

The objective of the present article is to understand the path-
ophysiology and clinical presentation of CCAD (mainly carotid and
vertebral artery) and to review the current diagnostic approaches,
in particular specific and advanced neuroimaging techniques that
are helpful in the timely and accurate diagnosis and follow-up of
children with CCAD. This study was compared with a previous
study that reviewed 35 years of pediatric stroke cases and identi-
fied 118 children with 132 CCADs,"” attempting to identify any
changes that may have occurred since the earlier study was pub-
lished in 2001.

Materials and Methods

A comprehensive review of the literature was undertaken using
the MEDLINE database PubMed. Keywords used to obtain all

TABLE 1.

Demographic and Risk Factor Data in Children With Craniocervical Arterial Dissection

available literature included craniocervical arterial dissection, cra-
niocervical dissection, dissection, cervical dissection, vertebral
dissection, pediatric(s) and stroke, craniovertebral, craniocephalic. The
literature search was conducted using an 18-year limit (2000 to
2018) with the goal to obtain case series articles that had greater
than or equal to three CCAD cases reported and presented infor-
mation on age, sex, underlying medical conditions, presence of
trauma or other injuries, presenting symptoms, neuroimaging
findings, and treatment. Articles were excluded if they contained
adult patients, dissection in the perinatal period,>>>* and contained
only radiological reports.

The initial literature search identified a total of 135 articles, of
which 71 articles did not meet the inclusion criteria. Of the
remaining 64 articles, 48 articles describing only one or two cases
were excluded, resulting in 16 articles with 182 cases to be analyzed
and discussed in this article,>®1%131618.20.21.24,34-40

Results

Of the 182 CCAD cases reviewed, the average age at presentation
was 8.6 years (range six months to 17 years), with male predomi-
nance (68%) (Table 1). Fullerton et al.'” noted a similar male pre-
dominance (more than 80% males with CCAD), with an average age
at initial presentation of 10.4 years for the anterior circulation
dissection and 8.6 years for the posterior circulation dissection. The
most commonly suggested explanation of the male predominance
is that males are commonly experience trauma and hence more
likely to have secondary dissection'>!"192>4! (Table 2).

Pathophysiology and risk factors

The underlying mechanism for CCAD involves tear or separation
of the tunica intima layer of the artery because of the arterial injury,
often in association with traumatic or vascular risk factors that
predispose the artery to dissection, but can be spontaneous. The
damage to the arterial endothelium results in collagen exposure
and tissue factor activation leading to the platelet adhesion and
aggregation, followed by fibrin and thrombus generation and
deposition at the site of injury. Depending on the size and place-
ment of the thrombus formation, an occlusion or stenosis at the site
with or without thrombus dislodgement may occur resulting in AIS

Articles Analyzed Total Cases Gender

Average Spontaneous Traumatic Type of Trauma

Male Female Age Dissection Dissection Fall Contact Not Neck Stretch or Remote Motor Skull and/or
or Cause . . .
Sports Reported Hyperextension Trauma Vehicle Spine Fracture
Not Stated .
Accident

Camacho et al,, 2001'® 5 2 3 10.8 0 5 5
Cushing et al., 2001%* 9 6 3 94 0 9 4 3 1 1
Ganesan et al., 2002"3 10 10 0 6.7 5 5 1 3 1
Chabrier et al., 20032 12 8§ 4 9.2 7 5 4 1
Rafay et al., 2006° 16 8 8 9.5 8 8 6 2
Salih et al., 2006>7 3 2 1 3.8 0 3 2 1
Tan et al., 2009°° 13 10 3 75 8 5 2 2 1
Lee et al., 2010 9 7 2 10.7 5 4 2 2
Mackay et al., 2010%* 3 3 0 9.2 1 2 2
Sepelyak et al., 2010%® 3 3 0 9.6 0 3 3
Songsaeng et al., 2010°° 29 2 7 8.3 25 4 2 1 1
Dlamini et al., 2011° 4 1 3 9.7 3 1 1
Orman et al., 2014%° 5 3 2 3.4 0 5 1 1 1 1 1
Rollins et al., 2013'° 4 2 2 9 1 3 3
Pandey et al., 2015° 42 24 18 14.8 8 34 21 13
McCrea et al., 2016*° 15 13 2 6.5 9 6 0 6
TOTAL Cases 182 124 58 8.6 80 102 4 24 46 8 2 4 14
Percentages 68.2 31.8 44 56 4 235 45 7.8 2 4 13.7
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TABLE 2.
Presenting Features of Children With Craniocervical Arterial Dissection

Case Studies Total Hemiparesis Facial Headache Neck Altered Vomiting Dizzy Seizure Ataxia Vision  Speech/Swallow
Cases Weakness Pain  Consciousness Change Problem

Camacho et al., 2001'8 5 4 2 4 0 0 0 1 0 2 1 2

Cushing et al., 200174 9 6 6 6 1 0 3 3 0 5 3 2

Ganesan et al., 20023 10 0 0 4 1 0 0 0 0 0 0 0

Chabrier et al., 2003'? 12 12 0 9 0 8 0 0 3 0 0 0

Rafay et al., 2006° 16 9 2 9 1 4 3 2 2 2 4 6

Salih et al., 2006>’ 3 3 3 0 0 0 0 0 2 0 0 0

Tan et al., 2009°° 13 8 0 6 2 6 4 2 2 3 2 1

Lee et al., 2010%' 9 9 6 2 1 0 0 0 0 1 1 3

Mackay et al., 2010°*" 3

Sepelyak et al., 2010°¢ 3 3 2 0 0 0 1 0 0 2 1 1

Songsaeng et al., 2010°° 29 10 0 14 3 0 4 1 2 0

Dlamini et al., 201140 4 3

Orman et al., 2014°° 5 2 0 0 0 1 0 0 1 0 0 1

Rollins et al., 2013'¢ 4 1 0 3 0 0 0 1 2 1 2 1

Pandey et al., 2015° 42 13 0 4 0 5 0 0 0 1 2 3

McCrea et al,, 2016 15

TOTAL cases 182 80 21 64 9 24 14 13 13 19 20 20

A “0” indicates that the clinical feature was either absent or else not reported in the case series.

" No presenting features described.

# Focal neurological deficits were present in all four patients, but details not described.

" Presenting features combined with other causes of posterior circulation stroke.

or risk for AIS. A proportion of patients also develop hemorrhagic
stroke, mainly subarachnoid hemorrhage, if there is complete tear
of the vessel wall. Dissection of the artery within the cavernous
sinus or near the vertebral venous plexus may result in an arte-
riovenous fistula or a perivascular extramural hematoma
development.'9#?

In our review of case studies, risk factor data for CCAD were
available for all 182 cases (Table 1). Of these, 102 (56%) cases
experienced concurrent or preceding trauma as the risk factor for
dissection. Remote trauma was listed in 2% (n = 2) of cases. Some
type of contact sport or physical activity before the onset of
symptoms, including playing football, tennis or judo, diving,
wrestling, bicycling, tobogganing, diving, or riding a roller coaster
was reported in 24% (n = 25) of cases. Skull or spine fracture(s) was
listed as a risk factor in 14%, stretches or hyperextension of the neck
in 7%, fall in 4%, and a motor vehicle accident in 4% of cases. No
information was available regarding the circumstances leading to
the fractures, and severity or impact of motor vehicle injury
(Table 1). Among the spontaneous dissection cases risk factors
included one case hereditary exostosis,>> one case of athetoid ce-
rebral palsy and two cases of high homocysteine levels,'* one case
each with collagen vascular disease, factor IX deficiency, and tri-
somy 21,*> and eight cases with aberrant vertebral arcuate
foramina.’*

The commonest site of arterial injury in CCAD is reported at the
C1-C2 vertebral body level,&'719203942 31though any cervical arte-
rial segments can be affected. Our review revealed similar results.
The vertebral artery was involved at the C1-C2 level in up to 53% of
extracranial dissection (ECD) cases,®!”93942 whereas with internal
carotid artery the most common location of injury was 2 to 3 cm
above the carotid bulb (at the C1-C2 level).>'®

Certain regions are more susceptible to dissection, largely
because of the anatomy and biomechanics of the cervical bony and
arterial structures. The vertebral artery after its origin (V1, pre-
vertebral segment) passes through the transverse foramina of the
C6-C2 vertebrae (V2, cervical segment), takes a tortuous course
from C2 to the suboccipital triangle between the C1 and the occiput,
and then travels across the posterior arch of the atlas (V3, atlan-
toaxial segment) in proximity to the atlantoaxial (C1-C2) joint to
enter the skull through the foramen magnum (V4, intracranial
segment). The complex cervical spine movement, consisting of

rotation and extension at the atlantoaxial junction coupled with
lateral flexion predisposes the V3 segment to stretching and injury
against the atlas or the atlantooccipital membrane as it courses
through the C1-C2 vertebrae, resulting in narrowing of the artery
lumen and slow and turbulent blood flow with a potential risk for
developing an intra-arterial thrombus. Similarly, neck extension
and lateral flexion can cause the C1 segment of the internal carotid
artery to be stretched or compressed against the transverse process
of C2 or C6 vertebra as it courses through the cervical spine or
against the petrous bone as it enters the skull.*’ Furthermore,
anatomically before entering the skull, proximal internal carotid
artery travels close to oropharyngeal structures where it is pre-
disposed to injury by direct oral trauma (e.g., injury from pencil or
tonsillar region surgery).'!

Types of craniocervical arterial dissection

CCAD can be categorized based on the location of dissection
(extracranial versus intracranial), circulation involved (anterior
versus posterior circulation), extent of injury (intramural versus
transmural), presence or absence of associated head and neck
trauma (traumatic versus spontaneous), and the acuteness of
dissection (acute versus chronic).””'%?%3¢ Dependent on the
aforementioned categorization, the etiopathogenesis, clinical pre-
sentation, and medical management of CCAD differ. ECD is common
in children, accounting for 55% to 75% of CCAD cases.'® Posterior
circulation, mainly the vertebral artery, is more frequently
affected."” Presentation is often preceded by head and neck trauma,
headache, or neck pain>®'>"19 Rarely, the extracranial cervical
dissection may extend to involve the cephalic portion of the artery,
less often with internal carotid artery possibly because of the
restrictive anatomic course of the internal carotid artery within the
petrous canal compared with vertebral artery in the large foramen
magnum as these enter the skull.*? Intracranial dissection (ICD),
recently labeled as focal cerebral arteriopathy—dissection type, is
noted in up to 25% of CCAD cases, although exact prevalence is
likely not known owing to the neuroimaging challenges in differ-
entiating it from other focal cerebral arteriopathies, mainly the
focal cerebral arteriopathy—inflammatory type.**4*#4 Contrary to
ECD, anterior circulation (mainly internal carotid artery) is more
commonly affected with ICD.!"1943



12 M. Nash, M.E. Rafay / Pediatric Neurology 95 (2019) 9—18

The present review of childhood CCAD cases revealed results
consistent with previously reported literature. The arterial dissec-
tion frequently involved posterior circulation (61%) and extracra-
nial location (64%), with vertebral artery among the most
commonly involved artery (60%). ICD accounted for 36% of cases.
Some articles provided more detailed information about the spe-
cific artery and the side affected by dissection (Table 3). It appears
that the left side dissected more commonly with the ICD; however,
the small number of cases and the lack of consistent data across the
studies do not allow for any meaningful conclusion.

Clinical presentation

The clinical features of CCAD are dependent on the location of
the dissecting artery and the arterial territory affected by the
ischemic infraction. Transient ischemic attacks and nonspecific
symptoms preceding the index stroke event are common in chil-
dren with CCAD.>'? It can also be identified on screening neuro-
imaging, such as with trauma.'”938

Children with anterior circulation dissection present typically
with hemiparesis, and/or facial weakness, speech difficulties, and
seizures, which are difficult to distinguish from stroke caused
by other etiologies. In children with posterior circulation involve-
ment, nonspecific clinical features, such as headache, dizziness,
vomiting, altered consciousness, gait unsteadiness, and double
vision,>®!7192138 gre noted. However, a prominent headache and
neck pain, tinnitus, and Horner syndrome (triad of miosis, ptosis,
and anhidrosis) are considered specific presentations of posterior
circulation dissection.”%!"19213% The present review revealed
similar results, with hemiparesis (80/160, 50%) and headache
(64/164, 39%) as the two most common presenting features of
CCAD in children. A small proportion (n = 9) of the CCAD patients
had neck pain, confirming the previously noted difference in clin-
ical presentation of children with CCAD when compared with
adults (who commonly present with neck pain)."”'° The next most
common presenting symptom was alteration in consciousness,
followed by speech and swallowing difficulties and ataxia. Seizures
occurred in only 13 children with CCAD and more often affected
younger children (Table 2).

Diagnosis

The diagnosis of CCAD is based on clinical suspicion and the
demonstration of specific neurovascular imaging findings, which
require use of specific neuroimaging modalities and techniques.
Furthermore, a personal and family history of comorbid diagnoses,
such as connective tissue disease, also raises suspicion for CCAD. In
addition, in otherwise healthy children with AIS involving posterior
circulation dissection is among the commonest cause of AlS, and
hence must be strongly suspected in cases with a clinical presen-
tation consistent with posterior circulation AIS.>!71941

On the basis of the recent CASCADE (Childhood AIS Standard-
ized Classification and Diagnostic Evaluation) classification for
stroke subtypes in children with AIS,*° the International Pediatric
Stroke study confirms the diagnosis of CCAD when one of the
following three features is noted*’:

1. Angiographic findings of a double lumen (a true and a false
lumen created by an elongated arterial tear), intimal flap (a flap
created by the tearing of vascular intimal layer), or pseudoa-
neurysm (blood contained perivascular cavity because of the
leakage of blood from the injured artery into the surrounding
perivascular tissues with a persistent direct communication
with the artery), or on axial T1 fat-saturated MRI demonstration

of intramural hematoma visualized as a “bright crescent sign” in
the arterial wall (blood within the false lumen surrounded by a
crescent-shaped intramural thrombus with or without annular
enhancement of the vasa vasorum).

2. The presence of cervical or cranial trauma, neck pain, or head-
ache less than six weeks preceding angiographic findings of
segmental stenosis or occlusion of the cervical arteries.

3. Angiographic findings of segmental stenosis or occlusion of the
vertebral artery at the level of the C2 vertebral body, even
without known history of craniocervical trauma.

In children, published literature consists of a few case series that
include information on specific diagnostic imaging findings of
dissection. Furthermore, even when the neurovascular features are
reported, details are not always available for each case in the series
(Table 3). Double lumen (barrel gun sign) and intimal flap, although
very specific luminal features of CCAD, are often difficult to visu-
alize. Adult CCAD literature reports double barrel lumen and
intimal flap in approximately 10% of cases, often with internal ca-
rotid artery dissection.**! In pediatric literature the presence of
double lumen appears to be one of the least frequently reported
finding in children with CCAD,***®4° whereas an intimal flap on
neurovascular imaging was found most frequently in up to 20% of
CCAD cases,”>>3% except in one pediatric case series where 46%
demonstrated evidence of an intimal flap on conventional catheter
angiography>® (Table 3). Similar to adults, pseudoaneurysm was
identified on vascular imaging in 7.6% to 33% of childhood CCAD
cases.>!21318.3539.454851 Brisht crescent sign, a commonly reported
neurovascular imaging feature of CCAD in adults (seen in 76% to
91% of cases),*>? was not as frequently reported in children, seen
in 6% to 40 % of pediatric CCAD cases.”>>>539 Other arterial ab-
normalities indicative of stenosis or occlusion on neurovascular
imaging include (1) focal narrowing with distal dilatation (string
and pearl sign), (2) segmental smooth long tapering stenosis (string
sign), or (3) short smooth tapering stenosis (flame or rat tail sign)
(Figure). These arterial abnormalities are common findings in both
adult and pediatric cases of CCAD, with over one third of both
adult*#851 and pediatric cases demonstrating one or more of these
abnormalities (Table 3). However, these arterial abnormalities are
only considered diagnostic of dissection when coupled with a
preceding history of head and neck trauma or neck pain, or when
located at the level of C2 vertebral body even without known his-
tory of head and neck trauma.

For demonstration of ischemic changes, computed tomography
(CT) and MRI are the available neuroimaging modalities. Diffusion-
weighted MRI images remain the most powerful brain paren-
chymal technique compared with CT.>!? In children, although not
always readily available, MRI is considered as the preferred imaging
modality for demonstration of parenchymal findings, because of
the existence of several ischemic stroke mimics that are common
than stroke.”>> Furthermore, CT is known to miss or underestimate
AIS in at least 15% of children with AIS.>> Dedicated neurovascular
imaging of both cranial and cervical regions, including certain
specific imaging techniques, is required to make or refute a diag-
nosis of craniocervical dissection with certainty. However, these
imaging sequences, in particular cervical imaging, are not always
included as part of the initial neuroimaging study obtained for
acute stroke presentation. Even if the cervical imaging is per-
formed, the images obtained may not be optimal to visualize the
arterial segments at the C1-C2 location where most dissections
tend to occur.

In the current cohort, MRI and magnetic resonance angiogram
(MRA) of the brain and neck appeared to be the preferred neuro-
vascular imaging modality, followed by invasive cerebral catheter
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Neurovascular Imaging Features of Craniocervical Arterial Dissection in Children

13

Case Studies Total Posterior/ ECD/ICD Vertebral Internal Basilar Angiographic Findings
Cases Anterior Artery Carotid Artery
Dissection Artery
Left Right Left Right DUS CTA MRA DSA
Camacho et al., 5 1/4 4/1 1 2 2 4 DUS 4 MRA 2 DSA
2001'® 3 Normal 2 Intramural clot 1 Flame occlusion at C2
1 Thrombus 1 String sign Others no details
1 Thrombotic occlusion
Cushing et al., 9 9/0 8/1 4 5 1 Intimal flap, 1 pseudoaneurysm, 7 arterial abnormalities/occlusion at
2001%%" C1-C2 level
Ganesan et al., 10 10/0 NA NA NA NA NA 10 MRA 8 DSA
20023 2 Intramural hematoma 5 Aneurysmal
and arterial dilatation
abnormalities/ 3 Tapering stenosis/
occlusion at C1-C2 level occlusion, often at
8 Nondiagnostic C1-C2
abnormalities
Chabrier et al., 12 2/10 517 NA NA NA NA 12 MRA
20032 ECD: 2 elongated
occlusion, 1 string sign,
2 short tapering
stenosis, and
aneurysmal dilatation
ICD: 7 elongated and
irregular tapering
stenosis or occlusion
Rafay et al,, 2006° 16 7/9 12/4 5 3 4 5 11 MRA 16 DSA
9 Occlusion (2 at C1-C3) 2 Pseudoaneurysm 3
2 Irregular stenosis at  intimal flap
C1-C2 1 String sign/tapering
stenosis
9 Irregular stenosis/
occlusion at C1-C3
Salihetal., 2006>” 3 0/3 3/0 1 1 2 DUS 3 MRA
1 Occlusion 2 Stenosis/occlusion
1 Normal 1 Nondiagnostic
Tan et al,, 2009°° 13 9/4 10/3 6 2 2 2 5 MRA 13 DSA
2 Occlusion (1 at C1-C2) 1 Pseudoaneurysm
2 Segmental narrowing 6 Intimal flap
(1 at C1-C2) 1 String sign
1 Mural hematoma 1 Segmental stenosis at
C1-C3
2 Occlusion at C1-C2
3 Mural hematoma
Leeetal, 2010?19 3/6 9/1 2 0 4 2 1 8 MRA 6 DSA
1 Eccentric arterial 2 Dissecting aneurysms
enhancement in one case
Others no details Others no details
Mackay et al., 3 3/0 3/0 1 2 NA NA 3 MRA 2 DSA
2010** 1 Stenosis/occlusion 1 Pseudoaneurysm
2 Normal 1 Dissection
Others no details
Sepelyak et al., 3 21 2/0 NA NA 1 CTA: normal 2 MRA: normal 2 DSA
2010°® 1 Normal
1 Occlusion with
intraluminal clot at C1-
C2
Songsaeng et al., 29 29/0 11/18 10 13 NA NA 9 16 Stenosis: 11 segmental stenosis (8 at C2-C3), 1
2010%° pearl, and string sign. Four tapering stenosis, 1
double lumen, 14 fusiform, and 2 saccular
aneurysm, 1 intraluminal clot, 1 eccentric
enhancement
Dlamini et al., 4 0/4 0/4 0 0 2 2 4 MRA 1 DSA: contrast filling
2011404 3 Irregular stenosis or  defect suggestive of
occlusion recanalizing thrombus
1 Intramural hematoma or double lumen
Orman et al., 5 0/5 2/3 4 1 2 CTA 5 MRA
2014°° 2 Tapering stenosis 1 Eccentric arterial wall
enhancement

1 Intimal flap

3 Intraluminal clot with
occlusion

5 Narrowing/occlusion

(continued on next page)
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TABLE 3. (continued )

Case Studies Total Posterior/ ECD/ICD Vertebral Internal Basilar Angiographic Findings
Cases Anterior Artery Carotid Artery
Dissection Artery
Left Right Left Right DUS CTA MRA DSA
Rollins et al., 4 4/0 NA o o 1 4 MRA 4 DSA
201316/ 1 irregular stenosis Vertebral artery
Others no details dissection, no details
provided
Pandey et al,, 42 17/25 23/19% 1 L L L 4 Stenosis, 17 occlusion (10 internal carotid and 7 vertebral artery), 1
2015%" bilateral internal carotid and a vertebral artery occlusion, 9
pseudoaneurysms
McCrea et al., 15 15/0 15/0 NA NA NA NA 1 CTA: details not 15 MRA 6 DSA
2016 available CCAD diagnosed in 6 as 1 Intimal flap
per CASCADE 1 Mural thrombus
1 V2-V4 irregularity 1 V3 irregularity
TOTAL Cases 182  111/71 107/61 28 26 13 7 10

Abbreviations:
CTA = Computed tomography angiogram
DSA = Digital subtraction catheter angiogram
DUS = Doppler ultrasound
ECD =Extracranial dissection
ICD = Intracranial dissection
MRA = Magnetic resonance angiogram
NA = Not available
" Method of angiography not described in all.

f Limited details to classify as extra or intracranial dissection. One patient had more than one dissection in this series.
+ All with stenosis or occlusion at C1-C2, except one internal carotid artery occlusion at C3 without trauma.

% Three diagnosed on postmortem studies.

I Case study with limited vascular imaging details available, dissection diagnosed as per CASCADE.

T Vertebral artery dissection, side not specified.
# Numbers are estimated based on details provided.

angiography. One case series published since the development of
recent stroke subtype criteria>® used the CASCADE criteria for
confirming a diagnosis of CCAD.*>*® Only two case series reported
using Doppler ultrasound of the neck, with both studies reporting
negative results in the presence of positive findings on either ce-
rebral MRA or digitial subtraction catheter angiography (DSA).'8”
Interestingly, although CT was the initial brain imaging modality
in a majority, CT tomography angiogram (CTA) was not included
with the initial imaging and was only reported to be completed in
three of 16 case studies (18.7%).2>363% It is possible that in a few
case studies CTA was done but results were not reported. In all case
studies, MRI and MRA of the brain were completed as the preferred
neurovascular imaging modality, both initially and after the initial
nonenhanced cranial CT. Cerebral DSA was reported in all except
two case studies (although it may have been performed, but not
reported in the case article),>®>* as the gold standard definitive
neurovascular imaging modality, especially when the initial
vascular imaging revealed nondiagnostic findings for arterial
dissection.

The following section describes the available neurovascular
imaging methods for demonstrating the diagnostic features of
CCAD in children. A comparison of CTA, MRA, and DSA is presented
in Table 4.

Color Doppler ultrasound

Although an inexpensive and radiation-free bedside imaging
modality, color Doppler ultrasound has several challenges, mainly
because of its huge reliance on the operator and radiographer. In
adults, it is reported to be helpful in recognizing and monitoring
evolution of dissection, with wide variation in reported sensitiv-
ities, ranging from 66% to 96%.>°>% In children, Doppler ultrasound

is not a favored cervical imaging modality because of the challenges
related to the pediatric small neck size, lack of experience for
evaluating dissected arteries, and the presence of little, if any,
systematic data for its utility.'®°

CT and CT angiogram

Over the last decade, both precontrast and postcontrast
enhanced craniocervical CT and CTA has become a quite sensitive
imaging method in adults, in particular a multidetector and
multilayer CT and CTA. The technique provides thinner sections
than regular CT, with high spatial resolution images and ability to
create multiplanar and volume reconstructs.’>*? In adult CCAD
cases, the multidetector CT and CTA reportedly has more than 98%
sensitivity and specificity, when compared with Doppler ultra-
sound,”> MRI and MRA,*>*° and cerebral catheter angiogram.®® It
has the benefit of rapid imaging time (often obviating the need for
sedation), fewer contraindications, and wide and rapid availability
as part of the trauma protocol, especially during after-hours.
However, CT has the drawback of radiation exposure (higher with
newer techniques) and a lack of imaging studies using multi-
detector CT and CTA in children.

MRI and MR angiogram

Compared with CT, precontrast and postcontrast enhanced
MRI and MRA of the head and neck has remarkably high
resolution and sensitivity for parenchymal and vascular
imaging®"®? and hence greater ability to accurately diagnose
both stroke and dissection simultaneously. However, specific
MRI sequences must be obtained for demonstration of vascular
findings specific to dissection. Gadolinium-enhanced MRI and
MRA is reportedly superior then nonenhanced MRI and time of
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FIGURE. Radiological features of craniocervical arterial dissection in children. (A) Cerebral catheter angiography in a 13-year-old girl with motor vehicle accident and right middle
cerebral artery territory infarction and evidence of short tapering stenosis (rat tail sign) in the right proximal internal carotid artery; (B) 13-year-old girl with left middle cerebral
artery territory infarction showing tapering stenosis (string sign) of the left proximal internal carotid artery on cerebral catheter angiography; (C) nine-year-old boy with traumatic
intracranial dissection of left internal carotid artery and evidence of luminal irregularity and a filling defect (suggestive of intramural flap or clot) in the supraclinoid portion of the
left distal internal carotid artery on cerebral catheter angiography (arrow); and (D) cerebral catheter angiography in a nine-year-old boy with spontaneous dissection of the right
vertebral artery demonstrating right vertebral artery luminal irregularity and aneurysmal dilatation (arrow) at the level of C2-C3 vertebral bodies.

flight MRA in both children and adults (detection rate 89% versus MRI technique for detecting intramural arterial clot. Images
50%).29%% High-resolution, axial fat-saturated T1 MRI brain generated from this technique have the ability to demonstrate
imaging sequence is highly sensitive and is currently the best varying stages of aging blood clot.*?°?5 Another evolving new
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TABLE 4.
Comparison of Neurovascular Imaging Modalities
Comparative Features CTA MRA DSA
Overall sensitivity 75-100% 89-100% 98-100%
Overall specificity 50-100% 29-100% 98-100%
Scope Parenchyma, vessel lumen, and wall Parenchyma, vessel lumen, and wall Luminogram only
imaging imaging
Findings
Ischemic changes 75-85% 100% NA
Intramural hematoma “bright 60-98% 98-100% 0%
crescent sign”
Double lumen, intimal flap 90-100% Up to 89% 98-100%
String and pearl sign/ Up to 98% Up to 98% 98-100%
pseudoaneurysm
Short or long tapering stenosis/ 98-100% 98-100% 98-100%

occlusion/enlargement of the
vessel
Disadvantages/issues High radiation burden
Timely contrast bolus/high injection
rate

Contrast related contraindications

Multidetector/multiplanar CTA not
studied well in children

Need for sedation
Lack of rapid availability at night

Invasive/need for sedation
Potential for complications in 1%
radiation exposure

Presence of few magnet related Contrast related contraindications

contraindications

Abbreviations:

CTA = Computed tomography angiogram
DSA = Digital subtraction catheter angiogram
MRA = Magnetic resonance angiogram

MRI technique is the arterial wall imaging, which has higher
sensitivity than CT and uses both pre-gadolinium and post-
gadolinium—enhanced, high quality images in multiplanar 2D
and 3D, T1, and fluid-attenuated inversion recovery fast-spin
echo sequences.®>"%7

Digital subtraction catheter angiography

Cerebral DSA is mainly a vascular luminogram that provides
high-resolution images of vascular lumen and contour, and does
not provide any brain parenchymal and perivascular tissue
information. It is superior to CT and MRI in demonstrating

intraluminal arterial findings, and hence remains a gold standard
test, especially in patients with nondiagnostic CTA and MRA.!%68
DSA does not demonstrate thickness and contents of the arterial
wall, which are required to demonstrate specific mural signs of
dissection. In addition, it is an invasive procedure with risk for
complications.'®%?

Treatment and follow-up

Evolution of arterial abnormalities over time and high stroke
recurrence rates are two main reasons for the treatment and close

TABLE 5.
Treatment of Children With Craniocervical Arterial Dissection
Case Studies Total No Anticoagulant Antiplatelet Antithrombotic Surgical
Cases Treatment Agent (Heparin/ Agent Treatment Intervention’
Warfarin) (Aspirin) Not Specified
Camacho et al., 2001'®" 5 3 2
Cushing et al., 2001%*' 9 6 4
Ganesan et al., 20023 10 1 9
Chabrier et al., 2003'? 12 1 2 9
Rafay et al., 2006° 16 1 14 1
Salih et al., 2006°7 3
Tan et al., 2009°%¢ 13
Lee et al, 2010% 9 2 1 5 1
Mackay et al., 2010>** 3
Sepelyak et al., 2010%® 3 3
Songsaeng et al., 2010%° 29 2 18 9
Dlamini et al., 2011%° 4 4
Orman et al., 2014°% 5 2 2
Rollins et al., 2013'¢ 4 4 1
Pandey et al., 2015° 42 11 22
McCrea et al., 2016/ 15 1 12 14
TOTAL Cases 182 20 43 39 48 24

Endovascular occlusion or stent placement, aneurysm repair or coiling, and vertebral arcuate foramina repair.

' Recombinant prourokinase in 1.
* One case treated with both anticoagulant and antiplatelet agents.
% No treatment listed in the article.

I Numbers do not add up in the article to 15 cases—details not available. Six cases received both anticoagulation and antiplatelet agents after stroke recurrence.
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clinical and neurovascular imaging follow-up of children with
CCAD.

Development of dissection specific of vessel wall abnormalities,
such as pseudoaneurysm or segmental arterial dilatation, is not
always evident on initial vascular imaging and is only visualized on
subsequent imaging.”>' In addition, dissected and thrombosed
artery heals over time and recanalizes, either partially or
completely, in two thirds of childhood CCAD cases.>>! Arterial
dissection may also recur in 1% of cases, especially in whom there is
a personal or family history of connective tissue disorders or arte-
rial dissection.''”*? As a result, patients with CCAD are at increased
risk for ischemic stroke recurrence. Recurrent cerebral ischemic
events, after the index stroke or dissection, are reported in 12% to
19% of childhood CCAD cases.>!"12283039 Therefore follow-up
neurovascular imaging is recommended to be performed within 3
to 6 months after the initial presentation in both adult*’ and
childhood cases of CCAD,"" specifically when initial vascular im-
aging revealed nondiagnostic results.

Antithrombotic treatment of patients with AIS due to arterial
dissection has long been subject to controversy. The reason for this
is evident from the current literature review, which clearly in-
dicates a lack of a consistent approach in treating children with
CCAD (Table 5). The major challenge is related to the underlying
pathophysiological mechanisms that involve arterial tear and
development of a fibrin-rich thrombus, thereby making anti-
coagulation a more appropriate antithrombotic treatment to
choose in patients with CCAD, specifically in children with healthy
arteries before dissection. A pilot study in adults, the Carotid Artery
Dissection in Stroke study, demonstrated no difference in the effi-
cacy of either antiplatelet or anticoagulant drugs in patients with
AIS because of cervical dissection, but the stroke recurrence was
rare in both treatment groups.’® A slight increase in hemorrhages
was noted in the group treated with anticoagulant compared with
antiplatelet therapy. This trial led the adult stroke experts to
conclude that antiplatelet treatment is safer, more convenient, and
less costly default treatment for CCAD, but efforts to understand the
pathophysiology of dissection and to better characterize the pa-
tients who carry a greater risk for stroke recurrence should be
continued.”!

Considering these challenges, the 2018 American Heart Associ-
ation and American Stroke Association management guidelines for
adult patients with AIS recommended that for extracranial carotid
or vertebral arterial dissection either approach is reasonable for
three to six months (class IIb, evidence level B-R), leaving both
options open for the treating physicians.””> The American Heart
Association and American Stroke Association management guide-
lines for the management of children with AIS were last published
in 2008."" According to these guidelines, it is reasonable to begin
anticoagulation with either intravenous unfractionated or subcu-
taneous low-molecular-weight heparin as a bridge to oral anti-
coagulation for a period of three to six months in children with ECD
(class Ila, evidence level C). Treatment with anticoagulation is not
recommended in children with ICD (class III, evidence level C)."
However, this recommendation requires further discussion in
light of the recent adult Carotid Artery Dissection in Stroke study
trial.”? All guidelines recommend institution of acute neuro-
protective measures and age-appropriate rehabilitation and ther-
apy programs (class I, evidence level C).'"7?

Conclusions

The diagnosis of CCAD requires high index of suspicion along
with consideration for both personal and familial risk factors,
including acquired or inherited predisposition and bony and

vascular anatomic susceptibility. Furthermore, use of specific and
sensitive neurovascular imaging techniques is paramount in mak-
ing a timely and accurate diagnosis of CCAD. Although CT remains
the preferred first line imaging modality in many pediatric centers,
MRI appears superior to CT in demonstrating ischemic infarction
and vessel wall abnormalities in children with CCAD. With ad-
vancements in arterial wall imaging, MRI may supersede and
eventually replace invasive cerebral catheter angiography, which is
currently considered a gold standard vascular imaging modality in
children.
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