Therapeutic Advances in Neurological Disorders

Review

Cervical and intracranial artery dissections
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Abstract: This review summarizes recent therapeutic advances in cervical (CeAD) and intracranial
artery dissection (IAD) research. Despite unproven benefits, but in the absence of any signal of
harm, in patients, with acute ischemic stroke attributable to CeAD, intravenous thrombolysis

and, in case of large-vessel occlusion, endovascular revascularization should be considered.
Future research will clarify which patients benefit most from either treatment modality. For
stroke prevention, the recently published randomized controlled TREAT-CAD study showed that,
against the initial hypothesis, aspirin was not shown non-inferior to anticoagulation with vitamin K
antagonists (VKAs). With the results of two randomized controlled trials (CADISS and TREAT-CAD])
available now, the evidence to consider aspirin as the standard therapy of CeAD is weak. Further
analyses might clarify whether the assumption supports, in particular, that patients presenting
with cerebral ischemia, clinical or subclinical with magnetic resonance imaging surrogates,

might benefit most from VKA treatment. In turn, it remains to be shown, whether in CeAD patients
presenting with pure local symptoms and without hemodynamic compromise, antiplatelets

are sufficient, and whether a dual antiplatelet therapy during the first weeks of treatment is
recommendable. The observation that ischemic strokes occurred (or recurred) very early

after CeAD diagnosis, consistently across randomized and observational studies, supports the
recommendation to start antithrombotic treatment immediately, whatever antithrombotic agent is
chosen in each individual case. The lack of a license for the use in CeAD patients and the paucity of
data are still arguments against the use of direct oral anticoagulants in CeAD. Nevertheless, due to
their beneficial safety and efficacy profile proven in atrial fibrillation, these agents are a worthwhile
treatment option to be tested in further CeAD treatment trials. In IAD, the experience with the use

of antithrombotic agents is limited. As the risk of suffering intracranial hemorrhage is higherin
IAD than in CeAD, the use of antithrombotic therapy in IAD remains controversial.
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Introduction

Cervical artery dissection (CeAD) is a major
cause of acute ischemic stroke (AIS) in young and
middle-aged adults. It accounts for up to 25% of
acute ischemic stroke in these patients, and for
2-2.5% of AIS in the general population.:? In
non-Asian countries, dissection of the intracranial
arteries (IAD) is considerably less frequent than
CeAD. There are no reliable data on incidence of
IAD in populations of European ethnic origin.>
Incidence of CeAD, however, is reported to be
2.6-3.0/100,000 per year.®> Most of the cervico-
cerebral arterial dissection research, particularly
on etiology and therapy has focused on CeAD;
IAD on the other hand remains poorly under-
stood in many clinically and scientifically impor-
tant aspects.

With this review, we primarily aimed to summa-
rize recent advances in CeAD research. We put
most emphasis on novel aspects, particularly in
CeAD therapy.

The hallmark of CeAD is the occurrence of an
intramural hematoma of the cervical portion of the
internal carotid artery dissection (ICAD; see
Figure 1) or the vertebral artery dissection (VAD;
see Figure 2).° Studies based on large hospital-
based CeAD patient cohorts have shown that
ICAD can be expected roughly twice as often as
VAD.” The exact mechanisms that lead to hema-
toma formation are poorly understood. The most
likely mechanism is a subintimal tear with conse-
quent blood stream between the layers of intima
and media which then leads to a luminal stenosis.
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Figure 1. Color-coded duplex sonography depicting the right internal carotid artery in a female patient who suffered bilateral
internal carotid artery dissection.
The hypoechogenic mural hematoma is clearly visible (arrows). The reduced true lumen leads to stenotic, accelerated flow in the affected artery.
ICA, internal carotid artery.
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Figure 2. Color-coded duplex sonography depicting the right vertebral
artery (V3 segment) in a female patient.
The hypoechogenic mural hematoma is clearly visible (arrows).

VA, vertebral artery.

Another hypothesis is the intramural rupture of vasa
vasorum. This may lead to dissection of the media
and adventitia with more eccentric hematoma
growth or formation of a dissecting aneurysm.

Mean age of CeAD occurrence is 45years, with
men being about 5years older than women when
experiencing CeAD.%° Although these figures
derived from large hospital-based CeAD patient

cohorts suggest that CeAD does not occur in
elderly patients, a large observational study has
shown about 7% (i.e. 1 out of 14) of CeAD
patients are aged 60years and beyond.!° This is
important to remember in clinical practice, as
findings from the aforementioned study also sug-
gest that important clinical features (i.e. red flags
hinting at CeAD) might be missing in CeAD
patients >60years: one of these is the commonly
reported headache and or neck pain which was
reported significantly less frequently in patients
aged >60years compared with younger CeAD
patients. Likewise, the history of migraine (with-
out aura) and the history of a potential mechani-
cal trigger event prior to CeAD occurrence were
reported less frequently in patients aged >60 years
compared with younger patients.1? Thus, patient
age per se should not mislead clinicians and
accordingly, diagnostics should be prompted if
CeAD is a probable cause of the presenting
symptoms.

Large observational studies based on multicen-
tric, international hospital-based CeAD patient
cohorts suggest that two thirds of CeAD patients
present with signs and symptoms of cerebral
ischemia (i.e. acute ischemic stroke, transient
ischemic attack, retinal ischemia).!! Mural hema-
toma growth or thrombus formation at the site of
dissection can lead to stenosis or occlusion of the
dissected artery, causing hemodynamic impair-
ment with ischemic stroke. However, in most
CeAD patients, cerebral ischemic events are
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caused by arterial embolism from the site of dis-
section.® Aside from cerebral ischemia, CeAD
patients typically present with so-called local
symptoms.> Most frequently, these are headache
and/or neck pain, ipsilateral Horner syndrome,
pulsatile tinnitus, or cranial-nerve impairment.
While pain is a common feature of ICAD and
VAD, the remaining symptoms are much more
likely in ICAD. Horner syndrome occurs through
ipsilateral, local compression of sympathetic
nerve fibers surrounding the internal carotid
artery.12 Likewise, lower cranial-nerve impair-
ment is considered a local compression phenom-
enon in ICAD. Pulsatile tinnitus is explainable
through changes and turbulences in local blood-
flow (i.e. stenosis or aneurysm) at the site of dis-
section, which can then be perceived as ipsilateral
pulsatile murmurs by the patients.!? Local symp-
toms mostly resolve throughout the healing pro-
cess of the affected artery. However, the
prevention or treatment of cerebral ischemia is
our primary and most important therapeutic
target.

Acute recanalization therapies: more work

to be done

Both intravenous thrombolysis (IVT) as well as
endovascular therapy (EVT, i.e. mechanical
thrombectomy) have been proven efficacious and
safe in the acute treatment of ischemic stroke of
all causes.!#15 In particular, major improvements
in devices, techniques and acute patient manage-
ment pathways have revolutionized EVT in
patients with intracranial large-vessel occlusion
(LVO). Although CeAD patients have not explic-
itly been excluded from most randomized con-
trolled trials (RCTs) testing IVT or EVT, there
are no RCT data on either therapy in this group
of patients. Thus, we must still rely on observa-
tional data to inform our decision making in treat-
ment of AIS attributable to CeAD.

Concerns that either IVT or EVT might lead to
CeAD-specific complications have been men-
tioned in the literature.? First, IVT might, in the-
ory, lead to an enlargement of the mural
hematoma, leading to hemodynamic worsening
with unfavorable clinical courses, as seen in
patients with aortic dissection and IVT treatment
for myocardial infarction.!%17 Second, EVT might
risk entering the false lumen at the site of dissec-
tion and might even lead to perforation of the
affected artery. For both concerns we have

insufficient proof from the current literature.
Nonetheless, as the stroke mechanism in CeAD is
different from stroke in large-artery atherosclero-
sis or cardioembolic stroke, for example, proof of
efficacy and safety of IVT and EVT in stroke in
general might not necessarily translate into a ben-
efit of these treatments in patients with stroke
attributable to CeAD. In the face of lacking data
from RCTs, exploratory and observational data
can provide clinically useful results.

For IVT, among a population of consecutive
stroke patients treated with IVT, patients with
CeAD as the underlying cause were compared
with all those patients with a cause other than
CeAD; i.e. non-CeAD-stroke patients.!®
Unexpectedly, IVT seemed less beneficial in
CeAD patients than in non-CeAD patients, as
indicated by the following findings: CeAD
patients (n=55) were less likely to achieve an
excellent 3-month functional outcome (i.e. mod-
ified Rankins Scale score, mRS, 0 or 1) than non-
CeAD patients (z=1007). After adjustment for
age, sex, and stroke severity, this lower recovery
rate in CeAD patients remained statistically sig-
nificant [odds ratio (OR) 0.50; (95% confidence
interval (CI) 0.27-0.95); p=0.03]. More impor-
tantly, the rates of symptomatic intracranial
hemorrhages (ICHs) as an IVT complication
were comparable in both groups. The same was
true for recurrent acute ischemic strokes.!8 Thus,
although caution is required for drawing conclu-
sions from observational data, these findings sug-
gest less benefit of IVT in CeAD patients
compared with non-CeAD stroke patients, but at
least also, no signal of harm has been detected.
Interestingly, the CeAD group had a high rate of
large-artery occlusions.!® As occlusions are an
important predictor of worse outcome,!! this
baseline characteristic might explain the lower
likelihood of a favorable outcome in CeAD
patients.

Data from the multicenter CADISP (Cervical
Artery Dissection and Ischemic Stroke Patients)
registry, allowed the comparison of CeAD stroke
patients treated with IVT with those not treated
with IVT.!? Counterintuitively, the likelihood of a
favorable outcome was virtually identical (OR
0.95; 95% CI, 0.45-2.00) when comparing IVT
versus no IVT in CeAD patients, also after
accounting for differences in outcome predictive
baseline variables, including propensity-score
matching. Of note, safety concerns were absent.
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Specifically, and most importantly, symptomatic
ICH, as well as major extracranial hemorrhage in
IVT-treated CeAD patients occurred at a lower
rate than could have been expected from prior
RCTs (i.e. the NINDS and ECASS III-studies).!®
Low rates of symptomatic ICH in IVT-treated
CeAD patients were also reported by Tsivgoulis
et al?® in a comprehensive meta-analysis of
reported case series (2%; 95% CI 0-5%).

In 2016, a systematic literature review across 10
observational studies reporting on 174 IVT-
treated CeAD patients and 672 CeAD patients
treated without IVT (control group)?! showed
that the likelihood of favorable outcome (i.e. mRS
0, 1, 2) and the odds for an excellent functional
outcome (i.e. mRS 0-1) were similar in both
groups.2! Moreover, there was a higher frequency
of intracranial bleeds in IVT-treated CeAD
patients, although none of those were sympto-
matic, while one symptomatic intracranial bleed
occurred among CeAD patients who did not have
IVT treatment.?!

Thus, based on the evidence available so far,
guidelines do not recommend against IVT in
CeAD patients and thus, in the absence of con-
traindications, IVT should be considered in
CeAD patients similarly to non-CeAD AIS
patients.

Occlusions of the dissected artery, often accom-
panied by an intracranial large-artery occlusion,
were present in about one third of CeAD patients
in observational studies.!! Furthermore, occlu-
sions of the dissected artery are an important and
independent outcome predictor in CeAD
patients.!! Thus, it makes sense to evaluate
whether EVT in these patients is as safe and effi-
cacious as in stroke patients in general.

Counterintuitively, observational studies so far have
not shown a beneficial effect of EVT (with or with-
out prior IVT) over IVT alone in CeAD patients. In
a Swiss multicenter observational study, 24 IVT-
treated CeAD patients were compared with 38
EVT-treated patients (including those with IVT-
bridging therapy):22 there was an excellent 3-month
functional outcome, i.e. mRS 0-1, as the primary
outcome occurred numerically more frequent in
EVT- than in IVT-treated patients (adjusted OR
2.23;95% CI 0.52-9.59). However, this difference
did not reach statistical significance. At least, partial

or complete recanalization was achieved more fre-
quently in EVT-treated patients [84.2% wversus
66.7%; OR 3.20 (95% CI 0.90-11.38)].22 On the
contrary, symptomatic ICH occurred solely in
EVT-treated patients. These results were included
in a subsequent meta-analysis with existing observa-
tional studies. Overall, outcomes of 102 EVT-
treated (including IVT-bridging) CeAD patients
were compared with those of 110 IVT-treated
CeAD patients (=8 studies). Favorable 3-month
outcome was comparable in both groups (OR 0.97;
95% CI 0.39-2.44).?2 However, given the rather
small sample sizes of the included studies, and the
substantial heterogeneity in treatment effects across
all studies (I?=35%), these findings must be inter-
preted carefully. Another important aspect is the
optimal treatment of tandem occlusions (i.e. occlu-
sion of the cervical portion of the dissected artery
as well as intracranial LVO) which requires a two-
step approach. Frequently, the intracranial lesion
is treated first, to re-establish brain perfusion as
quickly as possible.23 The available, very limited
data indicate that following emergency, carotid
artery (dissection) stenting (CAS) could poten-
tially be beneficial: in a multicenter, retrospective
analysis of observational data including 136 CeAD
patients with tandem occlusion, acute CAS was
compared with no stenting.?? Rates of recanaliza-
tion (modified treatment in cerebral infarction
(mTICI) 2b/3) were higher in CAS-treated
patients; however, this did not translate into
improved 90-day outcome when compared with
non-CAS patients.

The majority of data on EVT in CeAD patients
has been collected and published prior to 2015,
i.e. before EVT treatment and techniques had
significantly improved, and thus led to the posi-
tive results of several landmark RCTs. More data
on EVT treatment in CeAD patients beyond
2015 are needed to further test whether the supe-
riority in EVT over IVT in the stroke populations
with LVO due to miscellaneous, mostly non-
CeAD, causes is also applicable to CeAD patients.
Testing of EVT in CeAD patients is unlikely to
happen in an RCT setting in the near future.
Thus, we will have to rely on up-to-date, observa-
tional, comparative research, and such research is
underway. Despite the low evidence to date, for
clinical practice, currently, there is no scientifi-
cally supported reason to withhold EVT treat-
ment from CeAD patients if otherwise there is no
contraindication for treatment.
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Antithrombotic treatment: treat early, but
how?

The prevention of cerebral ischemic events with-
out increasing risk of major bleeding (intracranial
or extracranial) while under antithrombotic treat-
ment is particularly important in CeAD patients.
Results from a US study based on national regis-
try data [#=2791 CeAD patients who had pre-
sented without AIS or transischemic attack (TTIA)
at baseline] showed that 1.7% of the included
patients suffered an AIS within 2 weeks from first
CeAD diagnosis.?* These data suggest that the
overall stroke rate might be low in CeAD; how-
ever, the study population comprised solely those
patients who had not presented with stroke or
TIA at baseline; thus, the majority of CeAD
patients with a particular high stroke risk had
been excluded. Most importantly, however, this
study showed that risk for a first or recurrent
ischemic stroke is the highest within 14 days to
4weeks after CeAD diagnosis and decreases
thereafter.?* These data are comparable with
prior, yet smaller observational studies, and they
underscore the recommendation that antithrom-
botic treatment should be established as early as
possible. Historically, two treatment options have
been used: (a) antiplatelets [i.e. aspirin (ASA), in
most cases] or oral anticoagulation with vitamin
K antagonists (VKAs) with or without prior
bridging therapy using low-molecular-weight
heparin (LMWH) or unfractionated heparin
(UFH). For many years, meta-analyses across
observational data were the only basis for an
ongoing debate on the optimal treatment regi-
men.?>2%9 However, these meta-analyses yielded
conflicting results regarding effectiveness and
safety of either treatment (ASA versus VKA).
Therefore, more important is the analyses of the
results of two subsequent RCTs which have
tested antiplatelets against anticoagulants in
CeAD patients.

In 2015, investigators of the UK-based CADISS
study (Cervical Artery Dissection in Stroke
Study) reported the main results of the multi-
center, randomized controlled, open-label study
which was designed to show feasibility of a RCT
in CeAD patients. CADISS included 250 CeAD
patients and randomly allocated participants to
either antiplatelets or VKAs.3? The specific choice
of drug within either treatment arm was left to the
discretion of the treating physicians. The inten-
tion-to-treat population comprised 126 patients
in the antiplatelet group and 124 patients in the

anticoagulation group. Antiplatelet treatment was
heterogeneous, with 22% of patients receiving
ASA alone, 33% receiving clopidogrel alone, 28%
receiving both ASA and clopidogrel, and 16%
receiving ASA and dipyridamole. One patient
received dipyridamole only. In the anticoagula-
tion group, 90% of patients received heparin and
warfarin, whereas 10% received warfarin alone.
Regarding the primary study endpoint (ipsilateral
stroke or death) there was no statistically signifi-
cant group difference.3® Within the 3-month
study period, ischemic stroke occurred in 3 (of
126) patients in the antiplatelet group and in 1 (of
124) patient in the anticoagulation group [OR
0.335 (0.006-4.233), p=0.63]. There was one
major hemorrhage (subarachnoid hemorrhage) in
the anticoagulation group. No major hemorrhage
was observed in the antiplatelet group.3° In the
subsequent long-term  follow-up  analysis
(12months) there were two additional ischemic
strokes (one in each treatment arm) yielding again
no statistically significant difference in the pri-
mary endpoint between groups.3!

In clinical practice, these findings resulted in a
tendency to turn away from the historically pre-
ferred VKAs toward ASA, taking into account the
ease of use and the lower costs of ASA compared
with VKAs.32

Furthermore, these results questioned the feasi-
bility of an RCT trial based on clinical endpoints,
as, calculated based on the CADISS data, roughly
10,000 participants (5000 per group) would have
been needed for such a trial, to gather meaningful
results.30

In this situation, the use of surrogates (e.g. imag-
ing surrogate markers) of clinical events can ena-
ble the feasibility of a trial. Surrogate markers that
occur more frequently than the actual clinical
events might help in significantly reducing the
needed sample size within a trial, to a feasible
degree.33 In stroke-therapy trials, new, primarily
clinically silent, lesions on diffusion-weighted
magnetic resonance imaging (MRI; DWI) may
serve as surrogate for AIS. For example, the
International Carotid Stenting Study—MRI sub-
study (stenting wversus endarterectomy in sympto-
matic carotid artery stenosis) including surrogate
imaging markers (procedural DWI lesions)
yielded virtually identical results compared with
the main study.?* The inclusion of imaging sur-
rogates enabled roughly a 90% reduction of the
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sample size in the MRI sub-study.?* More
recently, further stroke-therapy trials have
embraced the concept of including imaging sur-
rogates in a composite study endpoint.33:36

The potential usefulness of DWI lesions as surro-
gates for ischemic stroke in a CeAD trial was
shown in an observational study: Gensicke er al.3”
reported new DWI lesions during follow up in
25% of the included patients with the vast major-
ity of them being detected within 14 days after
CeAD diagnosis was established and antithrom-
botic treatment was initiated. Thus, the frequency
of DWI lesions was as much as 10-fold the fre-
quency of clinical events observed in the CADISS
trial. The fact that most DWI lesions occurred in
the very early phase after CeAD diagnosis was
established underscores the importance of an
immediate initiation of antithrombotic treatment.

With these considerations in mind, the ‘Biomarkers
and antithrombotic TREATment in Cervical
Artery Dissection’ (TREAT-CAD) study was
designed.38

TREAT-CAD adopted the innovative approach
of including imaging markers in a composite
study endpoint. TREAT-CAD was a multicenter
therapy RCT comparing ASA with VKA in the
treatment of CeAD. TREAT-CAD participants
were randomly assigned to receive either ASA
(300mg/d) or VKA (with or without bridging
with UFH or LMWH) for 3months. TREAT-
CAD hypothesized that ASA would be non-infe-
rior to VKA in CeAD patients with regards the
composite study endpoint.3® The latter was a
combination of clinical (AIS, major intra- or
extracranial hemorrhage, death) and imaging
events [new DWI or SWI (susceptibility weighted
imaging)/T2* lesions during follow up until
21days as compared with baseline imaging].38

The main results of TREAT-CAD have been
published in March 2021.3° The primary analyses
in TREAT-CAD were performed in the per pro-
tocol population which comprised 173 patients
(of 194 in the intention-to-treat population) of
which 91 were allocated to ASA and 82 were allo-
cated to VKA.3° The primary composite endpoint
occurred in 21 (23%) patients in the ASA group,
and in 12 (15%) in the VKA group [absolute dif-
ference 8% (95% CI —4 to 21), non-inferiority
p»=0.55].3° Accordingly, non-inferiority of ASA

was not shown. For methodological reasons,
however, this does not mean that VKA could be
declared superior to ASA. Interestingly, all
ischemic strokes (n=7) occurred in the ASA
group, whereas the only major, though extracra-
nial (gastrointestinal bleeding), hemorrhage
occurred in the VKA group. There were no deaths
in either group. The distribution of clinical events
across treatment groups is impressive, though sta-
tistically not significant when analyzed separately
from the imaging events.?® Furthermore, it is
important to note, that five of the seven ischemic
strokes in the ASA group, did occur (or recur) on
the day after treatment onset, stressing the impor-
tance for the earliest initiation of antithrombotic
treatment, whichever the clinician might chose.

Considering all currently available evidence, in
particular, the results from CADISS and TREAT-
CAD as the only two RCTs, the case for ASA as
the standard therapy in CeAD patients is weak.

Pooled analyses of CADISS and TREAT-CAD
might help to identify patients who would benefit
most from VKA treatment, e.g. those with cere-
bral ischemia (clinical or subclinical) as present-
ing symptom. This assumption is based on the
fact that in TREAT-CAD, with one exception, all
new ischemic outcomes (clinically or novel MRI
lesions) have occurred in patients who had either
ischemic events or MRI lesions at baseline.?® The
prognostic importance of these clinical and imag-
ing characteristics has also been suggested in
prior research.37-40

In turn, it might be possible, in CeAD patients
presenting with purely local symptoms and with-
out hemodynamic compromise caused by dissec-
tion, particularly no occlusion, another indicator
of an unfavorable prognosis,!! that ASA might be
sufficient.

Furthermore, such pooled analyses might also
clarify whether the differences between CADISS
and TREAT-CAD regarding the antiplatelet arm
do matter: in CADISS, one third of patients had
ASA plus clopidogrel (i.e. dual antiplatelets)
while in TREAT-CAD, ASA monotherapy was
applied, albeit in a higher daily dosage of 300 mg.
Thus, it could be clarified whether the use of dual
antiplatelets (e.g. in a regimen similar to the
CHANCE?! or POINT%? trials) in CeAD should
be evaluated further, as advocated recently.*3
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For the time being, the observation that ischemic
strokes occur (or recur) very early after CeAD
diagnosis, an observation which was consistent
across randomized and observational studies,
seems to support the recommendation to start the
antithrombotic treatment immediately without
any delay, whatever type of antithrombotic treat-
ment is chosen in the individual case.

Considering the sharply increased use of direct
oral anticoagulants (DOACSs) instead of VKAs in
the prevention of cardioembolic ischemic stroke,
it is reasonable to discuss these treatment options
in CeAD patients, as well. Currently, there are
limited data from the small case series available
reporting on DOAC treatment in CeAD
patients.*46 DOACs were reportedly relatively
safe with a favorable outcome in the reported
cases, though superiority to other antithrombotic
agents is not shown yet. In addition, DOACs
have not been licensed for the use in CeAD to the
best of our knowledge. Thus, we recommend
against the use of DOACs in CeAD in current
clinical practice. However, considering their ben-
eficial safety and efficacy profile proven in atrial
fibrillation, DOACs are a worthwhile treatment
to be tested in further CeAD therapy trials.

Apart from the therapeutic aspects, TREAT-
CAD has yielded important information on the
feasibility of a therapy RCT in CeAD; by includ-
ing imaging surrogate markers, the sample size in
TREAT-CAD could be reduced to a reasonable
and achievable number. This should serve as a
model for future CeAD trials. Further, TREAT-
CAD has underscored the importance of the use
of MRI in CeAD: in TREAT-CAD, patients
were included only after MRI confirmed definite
CeAD diagnosis.?® Thus, in only 4 (of 194, 2%)
patients CeAD diagnosis was not confirmed in
central reading.3® This compared with 52 (of
250, 21%) false CeAD diagnoses in the CADISS
trials, in which inclusion of both computed
tomography—angiography, as well as MRI, was
allowed.30 If CeAD is clinically suspected, MRI,
including contrast-enhanced angiography, and
particularly T1-weighted fat-saturated sequences,
should be performed to establish the diagnosis
(see Figure 3).

In IAD, a feared complication of antithrombotic
treatment is subarachnoid hemorrhage, of which
the risk is higher in IAD as compared with that in
CeAD patients.> However, in a retrospective

single-center study (81 patients included), VKA
treatment in IAD patients appeared relatively
safe.4” This study, however, was criticized for the
neuroimaging criteria based on which patients
were included and thus potentially increased the
likelihood of false-positive IAD diagnosis.#® On
the contrary, there are reports on IAD patients
who had presented with cerebral ischemia who
ultimately or concurrently (at baseline) developed
subarachnoid hemorrhage, which generally puts
the usefulness of antithrombotic therapy in such
patients into question.4®

Consequently, with the idea of reducing unneces-
sary risk, close monitoring instead of antithrom-
botic treatment in IAD patients without cerebral
ischemia and without subarachnoid hemorrhage
at baseline had been proposed.3° For both medical
and interventional (endovascular, surgery) man-
agement of IAD, no evidence-based guidelines
have been published thus far.5!

Perspectives on the future of CeAD patient
treatment, counseling and research

Neither CADISS and TREAT-CAD, nor pre-
ceding observational studies on CeAD patient
treatment were designed to specify subgroups of
patients who might benefit from either treatment
approach, or who might benefit from more
aggressive treatment and intensive follow up. In
clinical routine, however, we experience that
CeAD patients differ regarding baseline charac-
teristics, presenting symptoms (purely local versus
clinically silent cerebral ischemia wversus ischemic
stroke), vascular characteristics (patent wversus
stenotic wversus occluded dissected artery), and
probably also their family history, and thus poten-
tial genetic or inheritable modifiers. Many of
these aspects go unrecognized in clinical decision
making, albeit important characteristics have
already proven to predict CeAD patient outcome:
Horner syndrome in patients with ICAD has been
proven to predict favorable outcome.!? On the
contrary, occlusion of the dissected artery was
proven to independently predict worse outcome
in CeAD, and thus, probably calling for a more
aggressive treatment approach including EVT.1!
The individual weighting and thus impact of each
of such baseline clinical or vascular characteristics
is currently unknown. Another important aspect
is the risk of recurrent dissection which was
observed in a wide range from 0% to up to 25%!
of CeAD patients, although more recent data
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Figure 3. T1-weighted, fat-saturated magnetic
resonance imaging in a female patient who suffered
bilateral internal carotid artery dissection.
T1-weighted, fat-saturated magnetic resonance imaging:
(a) coronal; (b) axial, in a female patient who suffered
bilateral internal carotid artery dissection (also see
Figure 1 for duplex sonography in the same patient). The
T1-hyperintense mural hematoma in both internal carotid
arteries is clearly visible (arrows).

suggest early recurrences in 8%, which is more in
line with our clinical experience.52

Identifiable risk factors for recurrent dissection
are currently unknown. A family history of dissec-
tion or multiple CeAD recurrences might suggest
that in these patients, genetics may play an impor-
tant role. Indeed, in a recent study which per-
formed whole-exome sequencing in such patients,
pathogenic or likely pathogenic variants mostly
coding for genes of the collagen family, have been
reported.>3 Another study reported on the varia-
tions of the biomarker signature of the extracel-
lular matrix proteins in skin biopsies of patients

suffering recurrent dissection.>* These and fur-
ther genetic studies in CeAD patients do hint at
identifiable, possibly genetically determined fac-
tors that could enable personalized prediction of
risk of recurrent dissection, but also call for more
intensive therapy or patient follow up. The avail-
able data to support this approach, however, are
still insufficient and must be validated in further
and particularly larger studies.>>

Future CeAD research will have to focus on the
individualized approach in both CeAD patient
therapy as well as outcome prediction. Testing
novel treatment approaches like the use of
DOACGs or dual antiplatelets seems worthwhile.
However, patients included in CeAD therapy tri-
als should ideally be selected or allocated to treat-
ment regimens according to their individual risk
profile based on clinical, vascular imaging and
potentially genetic characteristics. Another open
question that could be tested in such a trial is the
optimal treatment duration; this would also ben-
efit from more careful consideration of individual
patient characteristics. From a patient perspec-
tive, the exploration of possibilities to individually
assess risks of (recurrent) cerebral ischemia or
recurrent dissection would be most important.

For IAD, large, prospective, multicenter-registry-
based studies like I-IDIS [ClinicalTrials.gov
identifier: NCT02756091] might shed more light
on optimal treatment.
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