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Abstract
Background: Intracranial vertebral artery dissection (VAD) is a well-recognized cause of 
stroke in young and middle-aged individuals, especially in Asian populations. However, a 
long-term natural course remains unclear. We investigated the long-term time course of VAD 
using imaging findings to examine the rate and predisposing factors for improvement. Meth-
ods: We registered 56 consecutive patients (40 males; mean age, 51.8 ± 10.7 years) with acute 
spontaneous VAD and retrospectively investigated neuroimaging and clinical course within 1 
month and at 3 months ± 2 weeks, 6 months ± 2 weeks, and 12 months ± 2 weeks after on-
set to ascertain predisposing factors and time course for improvement. Results: The most 
common presenting symptoms were headache and/or posterior neck pain, seen in 41 patients 
(73%). Magnetic resonance imaging showed brainstem and/or cerebellum infarction in only 
32 patients (57%). Of the 56 VADs, 16 (28%) presented with pearl and string sign, 5 (9%) with 
pearl sign, 15 (27%) with string sign, and 20 (36%) with occlusion sign. VAD occurred on the 
dominant side in 20 patients and on the nondominant side in the other 36 patients. The pearl 
and string sign was more frequently noted on the dominant side than on the nondominant 
side (50 vs. 17%, p = 0.008). On the other hand, occlusion occurred more often on the non-
dominant side than on the dominant side (47 vs. 15%, p = 0.016). Furthermore, the pearl and 
string sign was more frequently seen in the improvement group (41 vs. 15%, p = 0.028), where-
as the occlusion sign was evident more frequently in the nonimprovement group (21 vs. 52%, 
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p = 0.015). Follow-up neuroimaging evaluation was performed at 1 and 3 months in 91% each, 
and at 6 and 12 months in 82% each. VAD aggravation was identified within 1 month after 
onset in 14%, while VAD improvement was seen in 14, 38, 50, and 52% at each period, mainly 
within 6 months after onset. Older patients and current smoking were negatively associated 
with VAD improvement. Conclusions: VAD improvement primarily occurs within 6 months 
after onset, and VAD aggravation within 1 month. It seems that older patients and current 
smoking are negative predictors of VAD improvement as risk factors, and as image findings, 
the pearl and string sign is a positive predictor and occlusion a negative predictor.

© 2017 The Author(s)
Published by S. Karger AG, Basel

Introduction

Cervical artery dissection accounts for only 1–2% of all ischemic strokes, but it accounts 
for 10–25% of strokes in young and middle-aged individuals [1]. Ethnic differences are seen 
in the site of dissection. Although extracranial and internal carotid artery dissections are 
common in Caucasian populations, intracranial vertebral artery dissection (VAD) is more 
common in Asian populations [2]. Minor or trivial trauma, sports activities, daily activities, 
and potentially even excessive torsion of the cervical spine may sometimes cause VAD. Hyper-
tension, diabetes mellitus, hypercholesterolemia, smoking, and obesity are also well known 
as important risk factors for vascular disease; however, whether such factors are associated 
with VAD remains unclear.

Although digital subtraction angiography (DSA) has been the gold standard for the diag-
nosis and follow-up of VAD, noninvasive methods such as magnetic resonance angiography 
(MRA) and computed tomography angiography (CTA) have recently proven useful for the 
detection of VAD [3–5]. However, MRA studies of the long-term natural course of VAD are 
limited. For example, Arauz et al. [6] studied the predictors and temporal course of recanali-
zation after VAD in Mexico City and reported that recanalization of VAD occurred mainly 
within 6 months after symptom onset, with no significant association between clinical factors 
and recanalization. Although this result may be helpful in deciding on discontinuation of anti-
thrombotic therapy and appropriate follow-up examinations for neuroimaging, whether this 
result is applicable to East Asian populations has yet to be established, given the ethnic differ-
ences in VAD mentioned above. 

In this study, we investigated the long-term time course of VAD using imaging findings to 
examine the rate and predisposing factors for improvement in a consecutive cohort of 
Japanese patients with spontaneous VAD.

Methods

Patients
This study was a retrospective, single-center study in the Department of Cerebrovascular Medicine and 

Neurology, Clinical Research Institute, Kyushu Medical Center. We registered 56 consecutive patients (40 
males; mean age, 51.8 ± 10.7 years) with acute spontaneous VAD who had been admitted to our hospital 
between November 2002 and March 2013. All patients had undergone a neurological examination that 
included assessment of ischemic or hemorrhagic lesions and bilateral vertebral arteries. All patients had 
received magnetic resonance imaging (MRI) including DWI and MRA, and one or both vascular imaging 
studies including DSA and CTA within 1 month after onset. We defined the onset of clinical symptoms on the 
basis of the first symptom, which the stroke neurologist could associate with VAD. All patients had met the 
following inclusion criteria: (a) a history of acute clinical symptoms and/or signs relevant to VAD, (b) vascular 
imaging evidence of VAD (i.e., pearl and string sign, aneurysmal dilatation, string sign, or tapered or abrupt 
occlusion). Exclusion criteria were as follows: (a) definitively traumatic VAD secondary to major trauma, (b) 
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cases of subarachnoid hemorrhage caused by VAD, (c) incidentally found asymptomatic fusiform dilatations 
of VA, or (d) laboratory or vascular imaging findings suggestive of vasculitis or fibromuscular dysplasia. In 
this study, spontaneous VAD was defined as occurring spontaneously, after physical exertion, or after a 
so-called minor trauma such as sports activity or cervical manipulative therapy [7, 8].

Initial and Follow-Up Radiological Evaluation
The primary vascular imaging shapes of VADs were classified according to morphological lesion type as 

follows: (1) pearl and string sign, as stenosis involving irregular long or short segments; (2) pearl sign, as 
pure aneurysmal dilatation of the vertebral artery (VA); (3) string sign, as irregular or smooth stenosis of the 
VA extending a variable distance; and (4) occlusion sign, as gradual tapering or abrupt occlusion of the VA 
involving either the entire artery or only one segment of the artery [9, 10]. All images were reviewed by at 
least one experienced neuroradiologist and the primary stroke neurologist in charge. In evaluating the VAs, 
differentiating a dissected VA from an atherosclerotic VA is important. In this study, atherosclerosis of the 
VAs was diagnosed if luminal irregularities, stenosis, or occlusions were found not only in the VAs, but also 
in the other cervical and intracranial arteries. We judged ischemic stroke caused by VAD based on both 
neurological symptoms and diffusion-weighted imaging.

The location of dissection was classified as V1, V2, V3, or V4. V1 was the segment of the VA that passes 
into the neck and enters the transverse foramen of C6. V2 was the segment that ascends through the trans-
verse foramen from C6 to C2. V3 exited the transverse foramen of C2, wound around C1 posteriorly in a 
tortuous manner, and entered the dura at the foramen magnum. V4 began at the foramen magnum and united 
with the contralateral VA to form the basilar artery. To determine the dominant side of VA, we collected the 
diameter of the bilateral VAs at the V2 segment measured by carotid ultrasonography at admission in all 
cases, in addition to DSA, MRA, or CTA. We compared the diameters of bilateral VAs and judged the VA with 
a diameter wider than the contralateral side as the dominant side, and that with a diameter the same as or 
smaller to be the nondominant side.

Initial neuroradiological studies including neuroimaging were performed on admission. We retrospec-
tively investigated both the rate of follow-up evaluation and the rate of VAD improvement within 1 month 
and at 3 months ± 2 weeks, 6 months ± 2 weeks, and 12 months ± 2 weeks after onset. We evaluated VAD 
improvement by using follow-up vascular imaging. Improvement of VAD was defined as recanalization, 
reduction in the degree of stenosis, or reduction of aneurysm. Aggravation of VAD was defined as any 
progression of stenosis, any aneurysmal enlargement, or new appearance of an aneurysm. We regarded a 
patient as showing no improvement when any deterioration of vascular lesions was evident, surgical 
treatment was performed, or the patient died during follow-up. Even in cases with VAD aggravation, we only 
judged improvement as present when the VAD had improved compared with the initial findings after aggra-
vation. Improvement and aggravation on follow-up examination were evaluated with the same modalities 
(DSA, CTA, or MRA) as the initial examination. We assessed functional outcome at discharge according to the 
medical records using the modified Rankin Scale, with scores of 0–1 defined as a “favorable” outcome, and 
scores of 2–6 defined as “unfavorable.” We evaluated the symptomatic stroke/TIA recurrence rate during the 
follow-up by investigating new ischemic symptoms in the medical record and/or new ischemic infarction in 
the MRI.

Variable Definitions
The following characteristics derived from patient interviews or medical records were assessed at 

baseline: current smoker, had smoked >100 cigarettes in their lifetime and had smoked in the last 28 days; 
hypertension, history of elevated blood pressure (systolic blood pressure ≥140 mm Hg or diastolic blood 
pressure ≥90 mm Hg) diagnosed by the treating physician or use of antihypertensive treatment; diabetes 
mellitus, history of diabetes mellitus diagnosed by the treating physician with fasting glucose >7 mmol/L or 
hemoglobin A1c (National Glycohemoglobin Standardization Program [NGSP]) on admission ≥6.5%, or use 
of an antidiabetic treatment; dyslipidemia, total cholesterol >5.69 mmol/L, low-density lipoprotein choles-
terol >3.62 mmol/L, high-density lipoprotein cholesterol >1.03 mmol/L, or triglyceride >1.69 mmol/L on 
admission or diagnosed by the treating physician, or use of an antidyslipidemic treatment. We also investi-
gated the use of any antithrombotic therapy (antiplatelet or anticoagulant, or both) after hospitalization.

Statistical Analyses
Statistical analyses were performed using JMP software, version 10 (SAS Institute, Cary, NC, USA). To 

compare clinical, physiological, and radiological factors, we divided patients into 2 groups: with and without 

http://dx.doi.org/10.1159%2F000481442


156Cerebrovasc Dis Extra 2017;7:153–164E X T R A

Shibahara et al.: Improvement of Vertebral Artery Dissection

www.karger.com/cee
© 2017 The Author(s). Published by S. Karger AG, BaselDOI: 10.1159/000481442

improvement of VAD at 12 months. Cohen’s kappa was calculated to evaluate interobserver agreement. The 
value was interpreted according to Landis and Koch [11] with a value of 0 as poor, 0.01–0.20 slight, 0.21–0.40 
fair, 0.41–0.60 moderate, 0.61–0.80 substantial, and 0.81–1.0 almost perfect agreement. The χ2 test, unpaired 
t test, Wilcoxon signed-rank sum test, or McNemar test were performed as appropriate. The following vari-
ables were analyzed: age, sex, hypertension, diabetes mellitus, dyslipidemia, current smoking, alcohol use, 
minor trauma, baseline National Institutes of Health Stroke Scale score, ischemic stroke, dominant side of 
VAD, antiplatelet treatment, anticoagulant treatment, favorable outcome, and vascular imaging. Logistic 
regression analysis with a forward stepwise method was then performed to identify any independent asso-
ciation of improvements in VAD with other clinical, physiological, and radiological factors. The cutoff in the 
univariate analyses as required for inclusion in multivariable analyses was p < 0.25.

Ethical Considerations
This study was conducted with the approval of the Kyushu Medical Center Institutional Review Board 

for Clinical Research.

Results

Clinical Features
Initial symptoms of the 56 patients are listed in Table 1. The most common presenting 

symptoms were headache and/or posterior neck pain, seen in 41 patients (73%), followed by 
vertigo (21%), dizziness (21%), and nausea/vomiting (20%). 

MRI showed brainstem and/or cerebellum infarction in only 32 patients (57%). Symp-
tomatic ischemic stroke was seen in 25 patients (44%) and asymptomatic ischemic stroke 
with only headache and/or posterior neck pain in 7 patients (13%). Wallenberg syndrome 
was seen in 16 patients (28%), all of whom had lateral medullary infarction. Possible 
dissection-related minor trauma was found in 18 patients (32%), arising during activities 
such as golf, baseball, abdominal exercise, stretching of the neck, chiropractic manipulations, 
and coughing.

Vascular Lesions at First Examination
Of the 56 VADs, MRI/MRA was performed at initial diagnosis in all patients. DSA was 

examined in 53 and CTA in 8 patients, respectively (see online suppl. Table I, for all online 
suppl. material, see www.karger.com/doi/10.1159/000481442). The median interval from 
the onset to initial MRA was 6 days (range, 1–31 days). We found 53 VADs (96%) at the V4 
segment, 3 (5%) at the V1–2 segment, and 1 (2%) at the V3–4 segment. The pearl and string 
sign was seen in 16 patients (28%), pearl sign in 5 (9%), string sign in 15 (27%), and occlusion 
sign in 20 (36%). VAD occurred on the dominant side in 20 patients and on the nondominant 
side in the other 36 patients (Table 2). The pearl and string sign was more frequently noted 

Symptom Patients, n (%)

Headache and/or posterior neck pain 41 (73)
Vertigo 12 (21)
Dizziness 12 (21)
Nausea, vomiting 11 (20)
Dysesthesia 8 (14)
Dysarthria, dysphagia 3 (5)
Hemiparesis 1 (2)
Hearing loss 1 (2)

Table 1. Initial symptoms due to 
vertebral artery dissection in 56 
patients

http://dx.doi.org/10.1159%2F000481442
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on the dominant side than on the nondominant side (50 vs. 17%, p = 0.008). On the other 
hand, occlusion occurred more often on the nondominant side than on the dominant side (47 
vs. 15%, p = 0.016).

Changes in Vascular Lesions on Follow-Up Examination
Follow-up vascular imaging was performed in 51 patients (91%) within 1 month, 51 

patients (91%) at 3 months, 46 patients (82%) at 6 months, and 46 patients (82%) at 12 
months (see online suppl. Table I). Among the 53 patients (95%) who underwent DSA on 
admission, we compared the DSA at each period with the first one. If initial or follow-up DSA 
was not performed, we evaluated in the same way using MRA or CTA. Of the 29 cases of VAD 
improvement, 10 were evaluated with DSA, 2 with CTA, and 17 with MRA. The interobserver 
agreement measured by a Cohen’s kappa value was 0.78 (95% CI, 0.62–0.95), which is a 
substantial agreement. Improvement of VAD was confirmed in 8 patients (14%) within 1 
month, 21 patients (38%) at 3 months, 28 patients (50%) at 6 months, and 29 patients (52%) 
at 12 months (Fig. 1). Of the 8 cases with VAD improvement within 1 month, 2 cases were 
within 7 days, 3 cases were 8–14 days, and 3 cases were 15–21 days. A trend toward VAD 
improvement was seen up to 6 months after onset. 

Table 2. Primary vascular imaging of the dominant/nondominant side

Primary vascular imaging All,
n (%)

Dominant 
side, n (%)

Nondominant 
side, n (%)

p

Pearl and string 16 (28) 10 (50) 6 (17) 0.008
Pearl 5 (9) 3 (15) 2 (6) 0.235
String 15 (27) 4 (20) 11 (30) 0.393
Occlusion 20 (36) 3 (15) 17 (47) 0.016

Total 56 (100) 20 (100) 36 (100)
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Fig. 1. The proportion and time 
course of achieving vertebral ar-
tery dissection (VAD) improve-
ment at 1, 3, 6, and 12 months of 
follow-up is shown. Improvement 
mainly occurred up to 6 months 
after onset. * p < 0.05, McNemar 
test.
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The primary modality of vascular imaging and the pattern of VAD improvement are listed 
in Table 3a. The pearl and string sign group showed improvement in 12 of 16 patients (75%), 
and we present a representative example with improvement 3 months after onset (Fig. 2). 
Reductions in stenosis and aneurysm were seen in 7 patients, whereas reduction in stenosis 
only was seen in 5 patients. The string sign group showed reduction of stenosis in 10 of 15 
patients (67%). On the other hand, the pearl sign group revealed reduction of aneurysm in 
only 1 of 5 patients (20%), and the occlusion sign group showed recanalization in only 6 of 
20 patients (30%).

Aggravation of lesions was shown in 8 patients (14%), all of whom showed aggravation 
within 1 month of onset. An enlargement or new appearance of aneurysm was noted in 4 
cases, with 3 cases receiving surgical or endovascular interventional treatment. Exacerbation 
of stenosis was confirmed in 4 patients. No association was seen between any factors and 
aggravation of VAD. 

Ischemic stroke associated with VAD occurred less frequently in the pearl and string sign 
(10 vs. 54%, p < 0.001), whereas it was seen more frequently in the occlusion sign (56 vs. 8%, 
p < 0.001) (Table 3b). Furthermore, an unfavorable outcome (modified Rankin Scale 2–6) at 
discharge was more common in the occlusion sign group (28 vs. 62%, p = 0.027). Of the 56 
VADs, no patients developed symptomatic stroke/TIA recurrence.

Predictors of VAD Improvement
The presenting clinical characteristics of 29 VADs (52%) with improvement and 27 

VADs (48%) without improvement during the 12 months of follow-up are shown in Table 

Table 3. Pattern of vertebral artery dissection (VAD) improvement at 12 months, ischemic stroke associated with VAD, and 
functional outcome at discharge by primary vascular imaging

a Pattern of VAD improvement at 12 months

Primary vascular 
imaging

Total, n Pattern of improvement, n Improvement, n (%) p

recana-
lization

reduction 
of stenosis

reduction of 
aneurysm

reduction of 
stenosis and 
aneurysm

yes 
(n = 29)

no 
(n = 27)

Pearl and string 16 0 5 0 7 12 (41) 4 (15) 0.028
Pearl 5 0 0 1 0 1 (3) 4 (15) 0.136
String 15 0 10 0 0 10 (35) 5 (18) 0.178
Occlusion 20 6 0 0 0 6 (21) 14 (52) 0.015

b Ischemic stroke associated with VAD and functional outcome at discharge

Primary 
vascular imaging

All,
n (%)

Ischemic stroke associated with VAD Modified Rankin Scale at 
discharge

with, 
n (%)

without, 
n (%)

p favorable, 
n (%)

unfavorable, 
n (%)

p

Pearl and string 16 (28) 3 (10) 13 (54) <0.001 14 (33) 2 (15) 0.230
Pearl 5 (9) 1 (3) 4 (17) 0.079 4 (9) 1 (8) 0.858
String 15 (27) 10 (31) 5 (21) 0.384 13 (30) 2 (15) 0.290
Occlusion 20 (36) 18 (56) 2 (8) <0.001 12 (28) 8 (62) 0.027

Total 56 (100) 32 (100) 24 (100) 43 (100) 13 (100)

http://dx.doi.org/10.1159%2F000481442
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4. A favorable outcome (modified Rankin Scale 0–1) at discharge was observed in 43 of the 
56 patients (77%) and was as frequent in VAD with improvement (23 of 29 VADs, 79%) as 
in VAD without improvement (20 of 27 VADs, 74%, p = 0.643). Univariate analysis showed 
that older age and current smoking were more frequent in the VAD group without 
improvement at 12 months (p = 0.043 and p = 0.029, respectively). On multivariable 
regression analysis, increasing age (odds ratio [OR], 1.07; 95% confidence interval [CI], 
1.00–1.15, p = 0.045) and current smoking (OR, 5.66; 95% CI, 1.47–27.38, p = 0.010) were 
independently associated with no improvement of VAD. Furthermore, the pearl and string 
sign was more frequently seen in the improvement group (41 vs. 15%, p = 0.028), whereas 
the occlusion sign was evident more frequently in the nonimprovement group (21 vs. 52%, 
p = 0.015) (Table 3a).

Antithrombotic therapies in each period are listed in online supplementary Table II. 
Thirty-one patients (55%) were treated with antithrombotic therapy. Anticoagulation 
therapy was mainly selected on admission, whereas antiplatelet therapy was frequently 

a b

dc

Fig. 2. Changes in the right vertebral arterial angiographic findings during 6 months in a 36-year-old man 
who developed vertebral artery dissection with sudden-onset right occipital pain. a Angiogram 10 days after 
the onset demonstrated pearl and string sign, with dilation (arrowhead) of the right vertebral artery at the 
branching of the posterior inferior cerebellar artery with distal stenosis (arrow). b On day 21, there was no 
significant change. c On day 91, both dilation and stenosis improved. d The 6-month follow-up angiogram 
showed almost normal morphology of the right vertebral artery.

http://dx.doi.org/10.1159%2F000481442
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substituted for anticoagulation 6 months after onset, when the vascular lesion had shown 
improvement or had not changed significantly. Concurrent treatment was chosen in only 2 
patients. 

Discussion

This retrospective cohort of 56 consecutive Asian patients with VAD found the following: 
(1) the most common symptom was headache and/or posterior neck pain, with ischemic 
stroke occurring in only 32 cases (57%); (2) improvement of VAD occurred in 28 cases (50%), 
mainly within the initial 6 months after symptom onset; (3) older age and current smoking 
were independent negative predictors of improvement in VAD; and (4) aggravation of VAD 
was seen in 8 patients (14%), all within 1 month of onset. 

Headache and/or posterior neck pain is one of the most important clinical symptoms of 
VAD. The frequency of headache and/or posterior neck pain in the present series was 73% 
(41 of 56), comparable to other studies showing rates of 65–70% [7, 12]. Cerebral ischemia 
was found in 32 patients (57%), lower than previous reports of 73–89% [1, 7, 12, 13]. Neuro-
radiological screening for VAD in patients complaining of headache has become widespread, 
especially in Japan [14], which may have contributed to the high incidence of VAD isolated 
from stroke or the low frequency of stroke.

Our study included 53 patients (94%) with intracranial VAD, 3 (4%) with extracranial 
VAD, and 1 (2%) with both intra- and extracranial VAD, consistent with previous reports [2, 
13]. One review of arterial dissections [2] reported that extracranial and internal carotid 
artery dissections were more common in Caucasian populations, whereas intracranial dissec-

Table 4. Baseline characteristics of the patients with and without improvement at 12 months

Baseline characteristics Improvement at 12 months p* OR (95% CI)† p†

yes (n = 29) no (n = 27)

Age, years 49±9 55±12 0.043 1.07 (1.00–1.15) 0.045
Male 18 (62) 22 (81) 0.108
Hypertension 18 (62) 17 (63) 0.944
Diabetes mellitus 2 (7) 4 (15) 0.338
Dyslipidemia 15 (52) 13 (48) 0.789
Current smoking 12 (41) 19 (70) 0.029 5.66 (1.47–27.38) 0.010
Alcohol use 16 (55) 18 (67) 0.379
Minor trauma 10 (34) 8 (30) 0.698
NIHSS 0 (0–2) 1 (0–2) 0.216
Ischemic stroke 14 (48) 18 (67) 0.164
Intracranial VAD 26 (90) 26 (96) 0.335
Dominant side of VAD 10 (35) 8 (30) 0.698
Antiplatelet 15 (52) 13 (49) 0.789
Anticoagulant 12 (41) 14 (52) 0.432
Favorable outcome 

(modified Rankin Scale <2) 23 (79) 20 (74) 0.643

Values are mean ± SD, n (%), or median (IQR), as appropriate. NIHSS, National Institutes of Health Stroke 
Scale. * Univariate analysis was performed between with and without improvement at 12 months. † Multi-
variable regression analysis for improvement adjusted for age, sex, current smoking, NIHSS, and ischemic 
stroke.
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tions and VAD are more common in Asian populations. In addition, Mizutani [9] reported that 
the posterior circulation accounted for 88% of Japanese intracranial artery dissections.

In this study, improvement of VADs was observed mainly within the initial 6 months after 
symptom onset. These findings are in accordance with previous results from VAD and internal 
carotid artery dissection studies [6, 15–17]. Recanalization is known to represent a dynamic 
process that may begin days or weeks after the initial dissection [18]. Hence, we propose 
continuing follow-up imaging for at least 6 months after onset. Arauz et al. [6] recommend 
maintaining antithrombotic therapy only for the first 6 months after the onset of symptoms 
or until complete recanalization is observed, and our findings support that proposal.

In this study, improvement of VAD occurred in 29 patients (52%), an average figure 
compared with previous reports (Table 5) [5, 6, 9, 10, 19–22]. The pearl and string sign group 
appears to be more likely to show improvement. In the string sign group, a relatively high 
proportion of improved cases were seen, although no significant difference between with and 
without improvement was evident. Only 1 patient showed improvement in the pearl sign 
group. Some previous studies have reported that stenotic lesions tended to improve, but 
dilated lesions often remained unchanged [9, 22, 23]. Dissecting lesions may resolve if the 
neointimal hyperplasia occurring in the healing process can overcome local hemodynamic 
stress. However, in the case of dilated lesions, the repaired neointima may yield to the hemo-
dynamic stress because of the extensive disruption of the internal elastic lamina [22]. On the 
other hand, unlike the pearl sign group, the pearl and string sign group showed aneurysm 
reduction in 7 of 16 patients in our study. This is because the pressure of intramural hematoma 
expansion towards the vascular lumen seems stronger than that towards the arterial adven-
titia, and thus the stenosis rather than the aneurysm is prominent in the pearl and string sign 
group. Hematomas are absorbed over time, so the stenosis improves and the pearl becomes 
less conspicuous. In the pearl sign group, intramural hematoma caused by tearing of the 
internal elastic lamina extends the adventitia and forms an aneurysm. The enlarged vascular 
adventitia might then not be restored. Our study included a small sample size, and our results 
thus require confirmation in a study with a large cohort.

To the best of our knowledge, this study provides the first evidence that the pearl and 
string sign may be more common on the dominant side of VAD, while the occlusion sign more 
frequently involves the nondominant side. The dissection cavity may obstruct the vascular 
lumen on the nondominant side more easily than the dominant side, because the diameter of 
the lumen is smaller on the nondominant side. Conversely, on the dominant side with a large 
diameter, the pearl and string sign is frequently seen because occlusion seems less frequent. 
In addition, pearl sites tend to be formed because blood flow on the dominant side is greater 
than on the nondominant side, so the pearl and string sign is more common on the dominant 
side of VAD.

Many previous reports have demonstrated associations between age and vascular 
disease. In our series, current smoking was also an independent negative predictor of VAD 
improvement. Arauz et al. [6] did not find any association between recanalization and cardio-
vascular risk factors, whereas Caso et al. [23] reported male sex and hypertension as nega-
tively influencing recanalization. Our finding of a negative relationship between current 
smoking and VAD improvement is novel, which may be based on the fact that smoking history 
has a negative impact on the repair process of arterial dissection. In smokers, oxidative stress 
[13], an activated coagulation cascade [24], and endothelial dysfunction [25] might disturb 
VAD improvement. Furthermore, cigarettes promote inflammation in the vascular walls and 
blood, increases in oxidized low-density lipoprotein cholesterol, and excessive growth of 
smooth muscle cells, and then progression of arteriosclerosis impairs the repair process [26].

In our study, aggravation of VAD was shown in 8 patients (14%), all within 1 month of 
onset. In cases of exacerbation, enlargement of the aneurysm and/or progression of stenosis 
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occurred before the neointima at the dissection site was sufficiently formed. Hence, we should 
perform follow-up imaging to avoid overlooking aggravation of VAD, especially within 1 
month after onset.

Limitations
This study has several limitations. First, we investigated the data retrospectively. Second, 

follow-up imaging was not standardized for all cases, but we performed MRA for all patients 
and DSA for almost all patients on admission. In addition, the rate of MR examination during 
follow-up was high. Third, this study had a small sample size. However, VAD is a rare disease, 
and we included a relatively large number of cases for a single-center study. Fourth, complete 
exclusion of atherosclerotic VA stenosis is difficult because we diagnosed VAD with luminal 
imaging techniques without high-resolution MRI. The high-resolution MRI is one of the most 
important and popular vessel wall imaging techniques for directly evaluating the vascular 
wall and intracranial artery disease [27, 28]. This technique can advance the diagnostic 
accuracy of VAD. Finally, the choice and duration of antithrombotic therapy was not identical 
for all patients but was at the discretion of the treating physician, because no recommended 
antithrombotic treatments have been defined for VAD.

Conclusions

VAD improvement primarily occurs within 6 months after onset, and VAD aggravation 
within 1 month. In terms of risk factors, it seems that older patients and current smoking are 
negative predictors of VAD improvement, and regarding image findings, the pearl and string 
sign is a positive and occlusion a negative predictor. 
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