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Observational study to describe precisely headache and associated symptoms in patients with CAD

Phenotype of head pain in patients 
with cervical artery dissection
Iris Wiederkehr, Christopher Tränka, Stefan Engelter, Till Sprenger

University of Basel, Faculty of Medicine, Department of Neurology, Basel, Switzerland

Introduction

Head and neck pain are key presenting symptoms of 
cervical artery dissection (CAD) [1]. Such pain may oc-
cur in isolation or accompanied by other local signs 
and symptoms such as Horner’s Syndrome [2], mi-
graine-like attendant symptoms [3], cranial nerve 
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palsy or ischaemic symptoms (ischaemic stroke or 
transient ischaemic attacks) [4]. In many cases, the 
pain precedes other symptoms or clinical signs and 
may be the only early warning symptom of CAD [5]. 
The features of such pain tend to mimic other types of 
headache such as migraine [6]. Therefore, a better un-
derstanding of the phenotype of patients with CAD 
may help in the differential diagnosis, for example, in 
distinguishing CAD from primary or other secondary 
headache aetiologies [7]. CAD is a common cause of 
stroke [7, 8] in young adults [9] and therefore it is im-
portant to recognise patients at risk.
In several prior studies, pain due to CAD was described 
as a steady aching or sharp rather than pulsating pain 
[1]. However, other authors found pain due to internal 
carotid artery dissection (ICAD) more often to be of a 
pulsating quality [5]. Pain occurred in patients with 
ICAD more often in the ipsilateral anterior region of 
the head and in patients with vertebral artery dissec-
tion (VAD) more often ipsi- or bilaterally in the poste-
rior region of the head and neck [1].
The aim of this study was a precise description of the 
clinical features of patients with CAD in terms of their 
headache and associated symptoms. 

Methods

Cervical artery dissection patients from the Cervical 
Artery Dissection and Ischaemic Stroke Patients 
(CADISP) database of the University Hospital of Basel 
from 2011 to 2015 were used for this analysis. This ob-
servational study was approved by the Ethics Commit-
tee as an amendment of the CADISP study and patients 
had given their written informed consent. The struc-
ture and methods of the CADISP study have been de-
scribed previously [10]. The following variables were 
included in the analysis: age, gender, date of hospitali-
sation, presence of stroke or transient ischaemic at-
tack, affected artery. In addition to the information 
already available in the CADISP study database, tele-
phone interviews were performed to obtain precise 
descriptions of the clinical features of CAD. 
Patients were categorised as having either ICAD or 
VAD, as we expected the dissection type to predict the 
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pain phenotype. The presence of headache or neck 
pain accompanying the dissection, as well as cranial 
autonomic symptoms, migraine-associated symptoms 
and premonitory symptoms were noted. 
We determined the onset, duration, dynamic, quality, 
severity (using a visual analogue scale [VAS]) and local-
isation of the pain. As well as the laterality, patients 
were specifically asked about the precise localisation of 
the head and neck pain. Head pain was classified as 
frontal, temporal, parietal, occipital, periorbital, auric-
ular or facial. Facial pain was further subdivided into 
pain in the maxillary or mandibular divisions of the 
trigeminal nerve. Neck pain was precisely defined as 
any pain below the occiput and the chin and above the 
shoulder region and, moreover, was subdivided into 
anterior, lateral and posterior regions. 
Potential risk and protective factors, such as physical 
activity and relaxation, were assessed by using the 
Global Physical Activity Questionnaire issued by the 
World Health Organization [11]. Psychological stress 
factors such as psychosocial stress and depression 
were measured by using an adapted version of the 
questionnaire utilised by the interheart study [12]. Any 
regular intake of analgesics, triptanes and/or oral 
contraceptives (suspected risk factor for CAD [13, 14]) 
during the 6 months preceding the event was noted. 
We recorded a history of migraine, tension-type head-
ache, anxiety, depression, sinusitis, diabetes and smok-
ing. In addition, potential trigger factors (in regard to 
well-known migraine triggers [15]) for the pain experi-
enced by the patients were noted. 

Results

Patients. Out of 70 patients in the CADISP data base, 39 
(56%) were interviewed. Thirty-one (44%) were not in-
cluded because of unwillingness to participate (n = 9), 
outdated/incorrect contact data (n = 8), language barrier 
(n = 2) or unavailability at the time of contact (n = 17).
Out of the 39 patients, ICAD was present in 28 (72%) pa-
tients and VAD in 11 (28%). In one patient, multiple 
vessel dissections in both the right and left internal 
carotid artery were evident. The mean age of patients 
with ICAD was 48 years and of patients with VAD 46 
years. Twenty-four (62%) of the patients were male and 
15 (38%) female. Ischaemic stroke following the cervical 
dissection was seen in 17 (44%) patients, 9 (53%) with 
ICAD and in 8 (47%) with VAD. Transient ischaemic at-
tacks were seen in six patients (15%), five (83%) of the 
ICAD-group and one (17%) in the VAD-group. 
Head and neck pain characteristics. Head and neck pain 
was present in 34 (87%) patients (table 1). Eighteen (53%) 
patients had a combination of head and neck pain. Iso-

Table 1: Clinical characteristics of head and neck pain in 34 patients with ICAD or VAD.

CAD (n = 39) ICAD (n = 28) VAD (n = 11)

No. % No. % No. %

Head and or neck pain 34   87 26   93   8   73

Head pain only 12   35 10   38   2   25

Neck pain only   4   12   1     4   3   38

Head and neck pain 18   53 15   58   3   38

Onset Seconds   7   21   3   12   4   50

Minutes 16   47 12   46   4   50

Hours 11   32 11   42   0     0

Duration 1–60 minutes   1     3   0     0   1   13

1–24 hours   4   12   1     4   3   38

1–7 days 14   41 13   50   1   13

1–4 weeks 14   41 12   46   2   25

Persistent   1     3   0     0   1   13

Dynamics Continuous 12   35   8   31   4   50

Undulating 11   32 10   38   1   13

Recurrent 11   32   8   31   3   38

Frequency With accompagnying symptoms 34 100 26 100   8 100

First symptom 23   68 17   65   6   75

Unknown   2     6   2     8   0     0

Quality* 47 39 12

Pressing 17   36 14   36   3 25

Stabbing 13   28 10   26   3 25

Pulsating   7   15   5   13   2 17

Burning   1     2   4   10   1   8

Pulling   5   11   2     5   3 25

Explosive   1     2   1     3   0   0

Electifiying   1     2   1     3   0   0

Toothache like   1     2   1     3   0   0

Unknown   1     2   1     3   0   0

Localisation head pain* 56 51   5

Frontal   8   14   8   16   0   0

Periorbital   6   11   5   10   1 20

Maxillary region   3     5   3     6   0   0

Mandibular region   2     4   2     4   0   0

Auricular   6   11   6   12   0   0

Temporal   7   13   6   12   1 20

Parietal   6   11   6   12   0   0

Occipital 18   32 15   29   3 60

Localisation neck pain* 28 21   6

Posterior neck region 17   61 10   48   6 100

Lateral neck region   7   25   7   33   0     0

anterior neck region   4   14   4   19   0     0

Laterality of head pain 30 25   5

Unilateral 20   67 17   68   3 60

   Ipsilateral 19   95 16**   64   3 60

   Unknown   1     5   0     0   0   0

Bilateral 10   33   8   32   2 40

Laterality of neck pain 22 16   6

Unilateral 16   73 11   69   5   83

   Ipsilateral 16 100 11 100   5 100

Bilateral   6   27   5   31   0     0

Pain scale Mean VAS   6   6   5

Maximal VAS   7   7   7

CAD = cervical artery dissection, ICAD = internal carotid artery dissection, VAD = vertebral artery 
dissection, VAS = visual analogue scale.
* For quality and localisation multiple specifications were possible and taken in account. 
** 1 out of 17 presented with change from ipsi- to contralateral.
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lated head pain without neck pain (12, 35%) was more 
often seen than isolated neck pain (4, 12%). Head pain 
was unilateral in 20 (67%) patients, for 19 (95%) of whom 
the pain was ipsilateral. Neck pain was unilateral in 16 
(73%), in all cases ipsilateral. Out of the 10 (33%) patients 
with bilateral head pain and the 6 (27%) patients with 
bilateral neck pain, 2 stated one side to be more 
strongly affected, in both cases ipsilateral.
Head pain occurred most frequently in the occipital 
region in both the ICAD group (15, 29%) and the VAD 
group (3, 60%). Neck pain was more frequently in the 
posterior neck region in patients with ICAD and only 
in the posterior neck region in patients with VAD.
The onset of the pain occurred in seconds in 7 (21%) pa-
tients, in minutes in 16 (47%) and gradually over hours 
in 11 (32%). Patients with ICAD more often reported an 
onset of the pain in minutes (12, 46%) or hours (11, 42%). 
Patients with VAD more often reported onset of the 
pain in seconds (4, 50%) or minutes (4, 50%), but none 
reported an onset lasting hours. All 34 patients with 
pain reported other accompanying symptoms, in 23 
(68%) patients the pain was the first symptom.
In the majority of the cases the pain lasted 1–7 days (14, 
41%) or 1–4 weeks (14, 41%). Twelve patients (35%) had 
continuous pain, 11 (32%) undulating pain and 11 (32%) 
had recurring pain. Characteristics of recurrent pain 
were heterogenous. 
The mean intensity of the pain associated with CAD was 
rated 6 out of 10 on a visual analogue scale (VAS) and 
the mean intensity of the maximal pain experienced 
was rated as 7 out of 10 on the VAS. Intake of pain medi-
cation was noted in 26 cases, which reduced the per-
ceived pain to a mean of 2/10 on the VAS.
Multiple pain qualities were reported in 11 (32%) pa-
tients (fig. 1). Overall, a pressing (17, 36%) or stabbing (13, 
28%) sensation were most common. Seven (15%) pa-

tients described a throbbing sensation and of these, 
four (57%) had a history of migraine. In comparison, 13 
(50%) patients without throbbing pain had a history of 
migraine. 
The medical histories, including events preceding the 
dissections such as infection or trauma, are shown in 
table 2. Out of the 39 patients, 28 (72%) had a history of 
headache, of whom 18 (46%) had a history of migraine. 
None had a history of any other neurological disease or 
diabetes mellitus. Less than ten percent had a history 
of anxiety or depression (table 2). Twenty-three (59%) 
were smokers with a mean of 22.5 pack years.

Table 2: Medical history of 39 patients with CAD.

CAD (n = 39)

No. %

History of headache 28 72%

Family history of headache 21 54%

Unknown history of headache   3   8%

History of migraine 18 46%

Migraine with aura   4 10%

Migraine without aura 14 36%

Family history of migraine 14 36%

Unknown history of migraine   1   3%

History of neurological disease   0   0%

History of anxiety   2   5%

History of depression   3   8%

History of diabetes mellitus   0   0%

History of sinusitis 17 44%

Smoker 23 59%

Active 11 48%

Previous 11 48%

Unknown   1   4%

Precursor event 38 97%

Previous Infection   8 21%

Previous trauma   7 18%

Oral contraceptive use*   3 20%

CAD = cervical artery dissection
* Only women (n = 15) taken into account

Figure 1: Distribution of pain qualities in 34 patients with CAD and pain as a symptom.

CAD = cervical artery dissection. Multiple qualities reported by patients were taken into 

account and cumulative results are shown in this figure.

For 8 (21%) patients, an infection during the last month 
preceding the event was noted and 7 (18%) patients had 
a previous trauma, one of them a severe trauma. Out of 
the 15 women of this study, 3 (20%) reported regular in-
take of oral contraceptives during the 6 months prior 
to the event. Seven (18%) patients reported regular in-
take of analgesics during the 6 months prior to the 
event. Only one (3%) patient reported regular intake of 
triptanes (zolmitriptan).
Among the 34 patients with pain, 25 (74%) had a history 
of headache. Three (60%) of the five patients without 
pain had a history of headache. 
Accompanying symptoms were present in 38 (97%) pa-
tients. One patient with VAD presented with neck pain 
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only. Trigeminal-autonomic symptoms were reported 
by 27 (69%) patients (table 3), although these data were 
available for only 36 (92%) patients, as the others could 
not recall whether such symptoms were present. Pa-
tients with ICAD more often had trigeminal-autonomic 
symptoms (21 out of 28, 75%) than patients with VAD (6 
out of 11, 55%) (table  4). The most common features 
were partial Horner’s syndrome, as miosis was present 
in 17 (63%) patients and ptosis in 18 (67%) patients. In pa-
tients with ICAD, miosis and ptosis were present in 71% 
of the patients (15 out of 21), whereas in patients with 
VAD these features were present in only 33–50% of the 
cases (2 patients with both and one patient with ptosis 
only, table 4). Two of these three patients with VAD sub-
sequently suffered from an ischaemic event (cerebral 
infarction in both cases).
Migraine-like symptoms such as nausea, photo- and 
phonophobia and physical activity-induced aggrava-
tion of the pain were frequently reported. At least one 

of these symptoms was reported by 32 (82%) patients 
(table 5). Twelve patients (38%) reported (migraine)
aura-like symptoms, of which visual disturbance was 
most common. Out of these patients, six (50%) had an 
ischaemic event following the dissection, which was 
similar to the incidence in the patients without aura. A 
history of migraine was found in 5 (42%) out of these 12 
patients, only one previously had migraine with aura. 
Among these 32 patients, 18 (56%) had a history of mi-
graine, but in comparison none of the 7 patients that 
did not experience such symptoms had a history of mi-
graine. 
Table 6 shows other accompanying symptoms, which 
were in total experienced by 29 (74%) patients. Tired-
ness was reported by 23 patients (79%), dizziness by 16 
(55%), neck stiffness by 14 (48%) and disturbed concen-

Table 3: Trigeminal autonomic symptoms in 36 patients with 
CAD.

CAD (n = 36)*

No. %

Trigeminal autonomic symptoms 27 69%

Lacrimation   7 26%

Red eye   6 22%

Miosis 17 63%

Ptosis 18 67%

Itchy eye   6 22%

Foreign body in eye   4 15%

Eyelid oedema   2   7%

Rhinorrhoea   3 11%

Occluded nose   6 22%

Facial flush   2   7%

Facial hidrosis   5 19%

Ear pressure   2   7%

Postnasal drip   2   7%

CAD = cervical artery dissection
* Due to lack of recall, data of only 36 patients was obtained

Table 5: Migraine-like symptoms in 39 patients with CAD.

CAD (n = 39)

No. %

Migraine like symptoms 32 82%

Nausea 19 59%

Emesis   8 25%

Photophobia 13 41%

Phonophobia 12 38%

Osmophobia   5 16%

Physical activity-induced aggravation 14 44%

Aura-like symptoms 12 38%

Visual 11 92%

Somatosensory   1   8%

Motor   1   8%

Aphasia   1   8%

Agitation   8 25%

Allodynia   6 19%

CAD = cervical artery dissection

Table 6: Other accompanying symptoms in 39 patients with 
CAD.

CAD (n = 39)

No. %

Other accompanying symptoms 29 74%

Vertigo   4 14%

Dizziness 16 55%

Tinnitus   7 24%

Tiredness 23 79%

Disturbed concentration 12 41%

Yawning   4 14%

Change in urinary frequency   2   7%

Neck stiffness 14 48%

Depression   4 14%

CAD = cervical artery dissection

Table 4: Comparison of accompanying symptoms in patients 
with ICAD and VAD.

ICAD (n = 28) VAD (n = 11)

No. % No. %

Trigeminal autonomic symptoms 21 75%   6 55%

Miosis 15 71%   2 33%

Ptosis 15 71%   3 50%

Migraine-like symptoms 22 79% 10 91%

Other accompagnying symptoms 19 68% 10 91%

ICAD = internal carotid artery dissection, VAD=vertebral artery dissec-
tion. For specific symptoms see table 3a–c.
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tration by 12 (41%). Six (55%) of the patients with VAD re-
ported neck stiffness, compared with only eight (29%) 
of the patients with ICAD. 
Triggers. Of known migraine triggers, sleep depriva-
tion before onset of head or neck pain seemed to be the 
only frequently occurring factor, reported by 10 out of 
34 (29%). patients with pain. In many cases the patients 
could not recall the presence of such triggers, as listed 
in table 7. 

Risk and protective factors. Psychosocial stress, a poten-
tial risk factor as well as aggravating factor of the pain, 
was assessed as shown in table 8. 
Stress was a common factor found in 35 (90%) patients. 
Thirty-two (91%) patients reported being under stress 
at work, 20 (57%) patients permanently so. Stress at 
home was present in 17 (39%), in 9 (26%) patients per-
manently.
Financial stress was a problem for three (8%) patients. 
Of the 34 patients with pain as a symptom, stress was 
reported by 30 (88%) patients. Twenty-eight (93%) pa-
tients reported being under stress at work, 19 (63%) pa-
tients permanently. Stress at home was present in 15 
(50%), in 8 patients (27%) permanently. Financial stress 
was a problem for 2 (7%) patients. All of the five patients 
without pain reported to be stressed, but only one 
(20%) reported to be stressed permanently. 
Results on physical activity of the patients are summa-
rised in table 9. 

Table 9: Physical activity in 39 patients with CAD.

CAD (n = 39)

No. %

Physical activity

Intensive physical activity at work
Average of 3.8 hours per day on 4.5 
days  per week.

  6 15%

Intensive physical activity at home
Average of 1.4 hours per day on 
3.1 days per week.

17 44%

Moderate physical activity at work
Average of 3 hours per day on 
3.4 days per week.

  9 23%

Moderate physical activity at home
Average of 1.6 hours per day on 
3.1 days per week.

27 69%

CAD = cervical artery dissection. Using the GPAQ (Global physical 
activity questionnaire) issued by the World Health Organization. Evalu-
ation of physical activity as a protection factor for CAD.

Table 7: Migraine triggers in 34 patients with CAD and head 
or neck pain.

CAD (n = 34)

No. %

Triggers 15 38%

No memory   1   3%

Not asked   5 13%

Alcohol   2 13%

Noise   3 20%

Sharp light   3 20%

Chocolat   0   0%

Caffein withdrawal   1   7%

Nitroglycerin Intake   0   0%

Olfactory stimulus   1   7%

Tactile stimulus   1   7%

Sleep deprevation 10 67%

Oversleeping   1   7%

Altitude   2 13%

Weather condition   3 20%

Menstruation*   2 13%

No memory   1   7%

CAD = cervical artery dissection. * Only women (n = 15) taken into 
account

Table 8: Psychosocial stress in 39 patients with CAD. 
Overall and with pain.

CAD (n = 39) CAD and pain as a 
symptom (n = 34)

No.   % No.   %

Any Stress 35   90% 30   88%

Stress at work 32   82% 28   82%

Sometimes   7   22%   5   18%

Often   5   16%   4   14%

Permanently 20   63% 19   68%

Stress at home 17   44% 15   44%

Sometimes   5   29%   4   27%

Often   3   18%   3   20%

Permanently   9   53%   8   53%

Financial stress   3     8%   2     6%

Moderately   0     0%   0     0%

High   3 100%   2 100%

CAD = cervical artery dissection. Using an adapted questionnaire uti-
lized by the interheart study for psychosocial stress measurements in 
patients with myocardial infarction. Evaluation of psychosocial stress 
as a risk factor for CAD and factor of aggravation of pain in patients 
with CAD.

Discussion

With 87% of the patients reporting pain as a symptom 
and 68% of the patients reporting pain as the first 
symptom, the results of our study are in agreement 
with prior studies. Accordingly, pain seems to be the 
key clinical feature in patients with cervical artery 
dissection [1, 5, 16].
As already established in other studies [5], pain onset 
and dynamics have to be considered nonspecific, as the 
pain varies from thunderclap-like pain to progressive 
pain developing over hours. The pain can be continu-
ous, fluctuating or recurrent. The mean intensity of 
7/10 on the VAS is of moderate to high level, which is 
well in line with migraine-associated pain, more than 
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a typical tension headache (VAS <5) and less severe 
than what is seen in cluster headache (VAS >8). (Pri-
mary headache syndromes are important differential 
diagnoses of the head pain [3, 7]).
The duration of the pain varied considerably in our 
study. Although similar pain durations were found in 
previous studies [5], pain duration has to be considered 
with caution as the endpoint of “no pain” strongly de-
pends on the time of treatment. Patients reported that 
the pain mostly stopped within hours up to two days 
after hospitalisation and after appropriate treatment 
of the CAD and the pain. However, the reason for hospi-
talisation varies from high pain intensity to disabling 
symptoms due to an ischaemic attack, and therefore 
not all patients seek help at the same time. Chronic 
pain following CAD seems to be uncommon as persis-
tent pain occurred in one patient only (with VAD).
The location of the pain is typically unilateral and ipsi-
lateral to the CAD, but nonetheless some patients ex-
perienced bilateral pain when only one vessel was dis-
sected. This finding was seen before in other studies [5, 
8] and probably has to do with pain processing in the 
brain and central sensitisation rather than represent-
ing a specific pathophysiological feature of dissections. 
In contrast to other studies, where the pain in patients 
with ICAD was more frequently frontal and pain in pa-
tients with VAD in the occipital region or neck [1], our 
data showed the highest frequency of head pain both 
in ICAD and VAD in the occipital region. In accordance 
with known data [1, 5], if pain was confined to the neck, 
the origin was more likely to be a VAD and if pain was 
confined to the head, it was more likely to relate to 
ICAD. Only pain confined to the neck seems to have 
reasonable specificity for VAD over ICAD (occurring in 
38% in VAD versus 4% in ICAD)
Patients with CAD most frequently experienced pain of 
a pressing or stabbing quality, which differs from the 
results of some previous studies [5] that suggested a 
throbbing quality, a feature often associated with 
migraine. Interestingly, and against our expectation 
and the findings of a previous study [1], a history of 
migraine was not more frequent in patients with throb-
bing pain than in patients with other pain qualities.
Pain can be the only symptom of CAD [5]. Nevertheless, 
all of the 34 patients in our cohort with pain also re-
ported accompanying symptoms. As in other studies 
[17], a (partial) Horner’s syndrome was the most com-
mon feature in the group with trigeminal-autonomic 
symptoms. It was found mostly in patients with ICAD, 
but there were also three patients with VAD who had 
miosis and ptosis. 
We found it especially noteworthy that migraine-like 
symptoms occurred commonly, in 82% of the patients, 

which makes it more difficult to differentiate pain due 
to CAD from pain experienced during a migraine. Only 
56% of the patients with migraine-like symptoms had a 
history of migraine, but there was no history of mi-
graine in patients without migraine-like symptoms. 
Another remarkable finding was the presence of aura 
in 12 patients (38%). The mechanism by which aura 
symptoms in migraine sufferers (or stroke patients) de-
velops is complex. A long-accepted dogma is that cere-
bral hypoperfusion and cortical spreading depression  
lead to aura symptoms in migraines. Cortical spread-
ing depression  can also occur in stroke [18]. Our data 
could not prove a relevant connection between ischae-
mic events and aura symptoms experienced by the 
patients, as in the groups with and without aura, the 
number of ischaemic events was the same. 
In this study, a history of migraine was found in 46%, a 
higher number than in other studies [19, 20] and the 
general population, which may be taken as support for 
the view that migraine is a risk factors for CAD [14]. The 
association of migraine in CAD and its positive correla-
tion with cerebral infarction is controversial, as several 
studies have suggested such an association, but others 
failed to confirm this [6]. In our study, of those with a 
history of migraine, 56% had an ischaemic event fol-
lowing the CAD and 48% of the patients that had no 
history of migraine also had an ischaemic event. 
On the subject of ischaemic events following CAD, 
which was the case in 50% of patients, one could argue 
that VADs are more prone to cause ischaemic events 
than ICAD as ischaemia occurred in 82% of the patients 
with VAD and in only 39% of the patients with ICAD.
As for risk factors such as psychosocial stress, we con-
clude from our results that patients with CAD have 
high levels of stress, more so at work than at home. In 
comparison with data from the interheart study [12] in 
healthy subjects (n = 13648), stress levels of patients 
with CAD seem to be higher than those of the general 
population. In our study, 82% of the patients reported 
stress at work compared with 17% of the healthy sub-
jects of the interheart study. We also conclude that 
stress is aggravates the pain, as permanent stress was 
reported more frequently in patients with pain than in 
patients without. 
Study limitations. It has to be noted that this was a 
retrospective study and hence recall bias may affect 
the results. We tried to limit the analysis to patients in 
whom dissection occurred less than 5 years ago, and 
patients were phenotyped by a trained rater instead of 
just by means of a patient self-report questionnaire. 
Still, we cannot exclude that the prevalence of symp-
toms is over- or underestimated in our study owing to 
the time delay between symptoms and interview. 
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We grouped patients into ICAD and VAD. However, the 
VAD group turned out to be relatively small; hence, 
results of the VAD group may not entirely reflect the 
phenotype in a larger population. The same limita-
tions apply to all comparisons between the relatively 
small group of patients without pain and patients with 
pain. 
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