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Objective — Most recurrent cervical artery dissection (CeAD) events occur shortly after the acute
first CeAD. This study compared characteristics of recurrent and first CeAD events and searched
for associations between subsequent events of an individual person.

Methods — CeAD patients with a new CeAD event occuring during a three to six months follow-
up were retrospectively selected in seven specialized stroke centers. Clinical and vascular
characteristics of the initial and the recurrent CeADs were compared.

Results — The study sample included 76 patients. Recurrent CeADs were occlusive in one (1.3%)
patient, caused cerebral ischemia in 13 (17.1%) and were asymptomatic in 39 (51.3%) patients,
compared to 29 (38.2%) occlusive, 42 (55.3%) ischemic and no asymptomatic first CeAD events.
In 52 (68.4%) patients, recurrent dissections affected both internal carotid arteries or both
vertebral arteries, while 24 (31.6%) patients had subsequent dissections in both types of artery.
Twelve (28.6%) of 42 patients with an ischemic first dissection had ischemic symptoms due to the
recurrent CeADs, too. However, only one (1.3%) of 34 patients with a non-ischemic first CeAD
suffered ischemia upon recurrence.

Conclusion — Recurrent CeAD typically affects the same site of artery. It causes ischemic events
less often than first CeAD. The risk that patients, who presented with solely non-ischemic
symptoms of a first CeAD, will have ischemic symptoms in case of a recurrent CeAD seems very

small.
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Introduction

Cervical artery dissection (CeAD) is a common cause of stroke in young patients [1]. CeAD may
present with warning symptoms, like headache, cervical pain or Horner syndrome. After these
warning symptoms, cerebral or retinal ischemia was reported to occur in most (50% to 95%) cases
[1,2], though recent longitudinal studies indicate much lower stroke rates [3]. In most hospital-
based series, 60-80% of CeAD patients had stroke [4,5,6]. Most patients have a single CeAD
during their life, but 10-15% of the patients present with multiple dissections in different cervical
arteries during the acute phase, or with new dissection shortly after the first event [6,7], which
suggests the existence of a transient vulnerable phase with increased risk of CeAD [8,9]. Although
cohorts of patients with recurrent CeAD were relatively small so far, few recurrent dissections
were observed to cause stroke [8,9]. Interestingly, in most patients with multi-vessel CeAD, stroke
was confined to the vascular territory of a single artery, while additional dissections were often
asymptomatic [10].

The present study analyzed a retrospective series of patients with early recurrent CeAD events. In
all patients, we analyzed the symptoms, the arterial imaging findings (categorized as occlusion,
stenosis or normal) and the dissection site (carotid artery or vertebral artery) of the initial and of
the recurrent event. The aims of the study were to characterize and compare first and recurrent
CeAD events and to test, whether recurrent CeAD causes ischemia less often than initial CeAD. A
further aim of our study was to explore whether subsequent CeAD events of an individual patient

were similar.

Subjects and Methods

Patients

Patients with a recurrent CeAD event occurring during early follow-up (i.e. within a follow-up
period of 3-6 months) after acute CeAD were recruited in seven European Neurology
Departments. The centers had retrospectively selected these patients from their registers of CeAD
patients that were recruited between January 2006 and December 2016. Institutional Review
Boards at each participating center approved the study and patients provided written informed
consent. All patients underwent a three-to-six months vascular imaging follow up, including MRI
with magnetic resonance angiography (MRA; 3-dimensional time of flight) and/or CT
angiography of the brain and neck vasculature. The presence of the double-lumen sign, luminal

narrowing with the “string sign,” and gradual tapering ending in total occlusion of the lumen
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(flame-like occlusion) were considered reliable angiographic findings of CeAD, whereas a
narrowed lumen surrounded by a semilunar-shaped intramural hematoma on axial T1-weighted
images was considered the pathognomonic MR sign [4]. Recurrent CeAD was defined in the same

manner as initial CeAD.

Variables

CeAD events were classified based on 1) dissection site (internal carotid artery (ICA), vertebral
artery (VA), or both); 2) clinical presentations (ischemia (TIA or ischemic stroke with or without
local symptoms), local signs only (Horner syndrome, cervical pain, headache, tinnitus, caudal
nerve palsy or other symptoms in the absence of ischemia), and no symptoms or signs at all), and
3) degree of lumen narrowing (complete occlusion, stenosis (50-99% reduction of the vessel
diameter) and normal flow (normal lumen or less than 50% stenosis)). Variables were defined as
described before [4]. Degree of lumen narrowing was encoded as categorical variable with

stenosis=2, occlusion=1 and normal lumen=0).

Aims

The current study had the following aims: 1) to explore whether recurrent CeAD events present
less often with cerebral ischemia than initial CeAD events; 2) to describe the arterial location and
the category of lumen narrowing of recurrent CeAD events; and 3) to compare characteristics of

initial and recurrent CeAD events within the same person.

Statistical analyses

Differences between groups were compared with Fisher-exact test, Chi-square test and Student t-
tests, as appropriate. Chi-square test, Student t-test and logistic regression analysis were performed
using the SPSS (version 21.0) package (www.spss.com). For the Freeman-Halton extension of the
Fisher’s exact test, vassarstats calculators were used (http://vassarstats.net/fisher2x3.html and
http://vassarstats.net/fisher3x3.html). Since six explorative tests were performed, resulting p-
values of each test were multiplied by 6 to adjust for multiple testing. P<0.05 on 2-sided test was
considered significant.

A logistic regression model was proposed to identify independent predictors of ischemia in the
total sample of all CeAD events (all first events plus all recurrent events). The presence of

ischemic symptoms was the dependent variable in the model. As predictors the following items
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were entered: age of onset of first CeAD (in years), sex (man=1, woman=2), vessel site (encoded
as “at least one internal carotid artery affected=1; no carotid artery affected = 0), multivessel
dissection (multi-vessel = 1, single-vessel=0), vascular pathology (occlusion=2, stenosis=1,

normal luman=0) and temporal order of the events (first CeAD=1, recurrent CeAD=2).

Data availability statement
The data that support the findings of this study are available from the corresponding author upon

reasonable request.

Results
The study sample included 76 patients with a total of 152 CeAD events (76 first and 76 recurrent
events). All recurrent CeAD events were detected within a 3-6 months follow-up period with a

vascular imaging examination at the end.

The characteristics of the first and recurrent events were compared in Table 1 (A, C, E). Fifty
(65.8%) patients had a first CeAD event in the internal carotid arteries (ICA). First events were
occlusive in 29 (38.2%) patients and caused ischemic symptoms in 42 (55.3%) patients. Recurrent
events located in the ICA in 37 (48.7%) patients. Only a single (1.3%) recurrent event was
occlusive. Recurrent CeAD events caused ischemic symptoms in 13 (17.1) patients. Recurrent
events were less often occlusive (p<0.001) and caused fewer ischemic symptoms (p<0.001)
compared to first CeAD.

Associations between the first and the recurrent events of the same individual (within-patient
associations) were visualized in 3x3 contingency tables (Table 1, B,D,F). A strong dependency
was found between the sites of the first and second dissections of a same patient (p=0.0008):
Thirty-two patients had subsequent ICA dissections and 20 had subsequent VA dissections (Table
1B). With a single exception, recurrent dissections occurred in the intact contralateral artery.
Vascular pathology did not correlate significantly between the subsequent CeAD events of
individual patients (Table 1D: adjusted Fisher exact test for contingency: p=0.08).

The symptoms of subsequent CeAD events showed significant within-patient correlation: In 12 of

the 42 patients with initial ischemia, recurrent CeAD event caused again ischemia. On the
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contrary, only one of the 34 patients with a non-ischemic first CeAD suffered ischemia due to the
recurrent event (p = 0.004).

With a logistic regression model we sought to identify determinants of ischemia due to the 152
CeAD events (76 patients with two CeAD events). Logistic regression analysis confirmed the
association between ischemia and vessel pathology and furthermore revealed that first events were
more likely to cause ischemia than recurrent events, independently from vessel pathology (Table

2).

Discussion

This retrospective analysis of first and recurrent CeAD events in 76 patients had the following key
findings: 1) Recurrent CeAD events were rarely occlusive and caused less often ischemia than
initial CeADs; 2) After adjustment for vascular imaging findings, recurrent CeAD events
remained far less likely to cause ischemia, compared to first CeAD events; 3) first and recurrent
dissections of the same patient often affected the same arterial system (either twice in the carotid
or twice in the vertebral arteries).

These findings have an immediate clinical impact: If the first dissection of a patient caused
1schemic symptoms, only about 7 of these patients will have ischemic symptoms in case of a
recurrent dissection. More importantly, in case, the initial CeAD did not cause ischemic

symptoms, the likelihood, had a recurrent CeAD will cause a stroke or TIA seems very small.

Previous studies indicated that the risk of recurrent dissections is high during a short vulnerable
period of a few weeks and decreases afterwards to about 1% per year [8,9]. The current
investigation does not permit conclusions about the risk of recurrent dissection to occur, but it
indicates that recurrent dissections - at least those occurring during a follow-up period of 3-6
months — are often asymptomatic and cause fewer strokes or TIAs than first CeAD events. A
novel observation of the current study is that recurrent dissections are rarely occlusive. This
finding remains unexplained so far. The finding is important since vessel occlusion is an
important predictor for clinical severity and for unfavorable outcome of CeAD patients [11].
Logistic regression analysis yielded a further result of this study: After adjustment for the milder
vascular imaging findings of recurrent CeAD events, recurrent CeAD remained less likely to cause
ischemic symptoms (compared to first CeAD events) with an estimated adjusted odd ratio of

0.373. We suspect that recruitment in stroke centers may have led to an excess number of patients
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with ischemic first CeAD events. Our observations cast doubt that such a high proportion of stroke
patients is representative for the whole CeAD population. In the current study sample, 42 (55.3%)
patients had a first CeAD event with ischemic symptoms. This observed frequency is probably not
a representative risk estimate, all the more since it is an order of magnitude above the risks due to
other types of acute carotid injury [12-15].All first and the recurrent CeADs were diagnosed in the
same centers by the same physicians with the same methods during the same years. The different
proportion of ischemic events between first and second events seems therefore indisputable.

It is a puzzling observation that stroke is not more frequent in patients with multi-vessel CeAD
from large hospital-based registries, compared to those with single-vessel events. However, in a
recent analysis of 30 patients with recurrent CeAD events, multivessel events caused more strokes
than single-vessel CeAD [7]. The increased risk of multivessel CeAD, compared to single-vessel
CeAD was apparently detectable in a small series of recurrent events, but remained unappreciated
in large hospital-based samples.

Our study revealed similarities of subsequent CeAD events on the level of the individual person:
In most patients, CeAD occurred either in both carotid arteries or in both vertebral arteries.
Similarly, most patients with simultaneous multivessel CeAD had bilateral dissections of the
internal carotid or of the vertebral arteries, whereas patients with dissections in both arterial
systems were rare [7]. Moreover, family studies indicated concordance of dissection site within
pedigrees [16].

In the current study sample, the risk of ischemia due to CeAD differed among individuals: those
with a first CeAD causing ischemic symptoms had a risk for ischemia during a recurrent CeAD
event which is higher than in patients who presented with non-ischemic symptoms for their initial
CeAD. We can only speculate on the reasons. This personal risk for ischemic CeAD may be
related to the individual collateral circulation [17] but genetic variation of the coagulation system,
of the vascular frailty or of other systems may also play a role.

This study has several limitations. The analyzed sample of patients with early recurrent CeAD was
the largest so far, but it was still too small to establish robust and definitive associations.
Moreover, the short delay between the previous and the recurrent CeAD event made it difficult to
differentiate between the effect of trigger factors (like mechanical injury or infectious diseases) on
each of the events. As a consequence, the role of trigger factors in the pathogenesis of recurrent
CeAD remained unstudied. The recruitment of the patients in stroke centers may have biased the

sample toward overrepresentation of patients with ischemic first events [18]. This bias may have
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affected the frequency of ischemic recurrent events also, due to the observation of this study that
ischemia upon the first CeAD increased the risk for ischemia upon a later event. This secondary
effect of the biased recruitment of patients with first CeAD events implies that the observed
frequency of stroke or TIA due to recurrent CeAD events might also be inflated. In the study,
seven of 76 recurrent events caused stroke and six caused TIA. These figures are probably
overestimations, due to biased sampling. Vascular imaging of patients with an acute CeAD
sometimes suggests that an earlier CeAD event had occurred that apparently remained
undiagnosed. In the current study, we did not systematically search for such patients with a history
of asymptomatic previous CeAD events. Notwithstanding, the finding of asymptomatic previous
events is interesting: it suggests that second dissection must not be milder than first dissections. It
is well conceivable that the detection of CeAD events by vascular imaging allowed the diagnosis
of many events with very mild symptoms, whereas most patients with such mild symptoms don’t
seek medical advice, resulting to underrepresentation of these patients in hospital-based registries.
In a recent study of serial ultrasound examinations of CeAD patients, five recurrent events were
detected. In all patients with recurrent CeAD, new symptoms were reported [19]. These included
newly occurring or new characteristics of headache (n = 5) with concomitant neck pain (n = 3) not
reported before, or with pulsatile tinnitus (n = 2). Although the number of recurrent CeAD events
in this study was small, the absence of clinically silent events may be related to the high frequency
of ultrasound examinations performed. We speculate that some minor symptoms, like changes in
the characteristics of headache may be not reported by some of the patients of the current study,
due to a possibly longer delay between the minor symptoms and the vascular imaging, which was
performed at the end of the 3-6 months follow-up period.

In conclusion, recurrent CeAD typically affects the same site of artery, usually on the contralateral
side. Recurrent CeADs seem to cause ischemic events less often than initial CeADs. The risk that
patients who presented with solely non-ischemic symptoms for an initial CeAD, will have

ischemic symptoms in case of a recurrent CeAD seems very small.
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Legends to the tables:

Table 1. Differences and correspondences between first and subsequent CeAD events. Table
1A, 1C and 1E compares the sites of CeAD, the vascular imaging findings and the symptoms
between the 76 first and the 76 second CeAD events of the study sample. The 3x3 contingency
tables (1B, 1D, 1F) show the number of patients with combined characteristics of the first and the
second event. ICA: internal carotid artery; VA: vertebral artery. P-values of Fisher exact tests,

multiplied by 6 to correct for multiple testing.

Table 2. Predictors of ischemia due to cervical artery dissection.

CeAD, cervical artery dissection; SD, standard deviation; ICAD, internal carotid artery dissection;
VAD, vertebral artery dissection; CI, confidence interval. Multivariate p-values and odd ratios
were calculated in a logistic regression model with ischemia as dependent variable. All other
variables were entered simultaneously as predictors. The model identified independent

associations with ischemia among the 152 CeAD events of the study sample.
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first second first x second
event event p-value event p-value
Location of CeAD A B
1CA 50 37 32 |5 0 37
VA 25 36 0.469 15 {20 1 36 0.0008
Both 1 3 3 10 0 3
50 25 1
C D
Vascular imaging
Normal lumen 7 19 5 10 |4 19
Stenosis 40 56 <0.0001 2 |30 |24 |56 0.080
Occlusion 29 1 0 |0 1 1
7 40 29
E F
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Symptoms

No symptom 0 39 0 |17 |22 |39
Local symptoms 34 24 <0.0001 0 (16 |8 24 0.012
Ischemia 42 13 0 |1 12 |13
0 34 42
Table 1. Differences and correspondence s between first and subsequent CeAD events.
no ischemic univariate multivariate Odd ratio
ischemia CeAD p p [95% CI]
(n=97) (n=55)
Female sex 49 (50.5) 31 (56.4) 0.504 0.993 1.004 [0.379-2.541]
Age 40.7£9.3 40.34£8.3 0.777 0.321 1.004 [0.379-2.541]
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ICAD 56 (57.7) 35 (63.6)

multi-vessel CeAD 5(5.2) 7 (12.7)
open/stenotic/occluded vessel 25/68/4 1/28/26
second event 63 (64.9) 13 (23.6)

0.496

0.121

<0.001

<0.001

0.788

0.120

<0.001

0.028

0.877 [0.369-2.131]
3.298 [0.734-14.812]
10.693 [3.754-30.458]

0.373 [0.155-0.898]

Table 2. Predictors of ischemia due to cervical artery dissection.
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