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prevalence may be because of the difference in the study pop-
ulation and performance of MRIs. An important difference of 
our study from the previous ones is inclusion of the patients 
with only ATVS regardless of the severity of dizziness, and 
the presence of vascular risk factors, other neurological signs, 
or vestibular symptoms/signs at the time of examination. All 
the patients in our study also had MRIs. Furthermore, our 
study is unique in that we additionally performed PWI in 
patients without an obvious cause based on the findings of 
clinical examination and routine MRIs, including DWI, which 
increased the prevalence of stroke by 12%.

We found distinct characteristics of ATVS compared with 
acute vestibular syndrome. Whereas application of HINTS 
has greatly enhanced the diagnosis of stroke in acute ves-
tibular syndrome, the diagnostic use of HINTS examination 
and MRIs was limited in ATVS. HINTS plus could not be 
applied to the majority of patients with ATVS because the 
vestibular symptoms or signs had already resolved in ≈70%. 
Even in the patients with vestibular symptoms and danger-
ous HINTS plus, only 38% had stroke. MRIs, including DWI, 
were falsely negative in 43% of the patients with a confirmed 
stroke in which cerebellar hypoperfusion was documented 
with PWI. In this respect, the diagnosis of stroke in patients 
with ATVS remains a challenge when only based on the find-
ings of bedside examination and routine MRIs. We found a 
significantly higher risk of developing stroke in patients with 
ATVS when associated with craniocervical pain or focal 
neurological symptoms/signs. These findings necessitate the 
prime consideration of neuroimaging, including MRIs and 
PWI in patients with ATVS. Previous studies have shown that 
the ABCD2 score may be useful for distinguishing cerebro-
vascular from nonvascular causes of dizziness.16 Patients with 
dizziness and a low-risk ABCD2 score (ABCD2 score of <4) 
had a stroke frequency of 1% (5/512 patients) compared with 

8.1% (32/395) in the high-risk group (ABCD2 ≥4). However, 
our findings do not support this because there was no differ-
ence in ABCD2 scores between the groups of ATVS caused 
by stroke and other disorders. The discrepancy may be attrib-
uted to the difference of study population. Whereas our study 
included higher proportion of stroke patients with a duration 
of symptom <1 hour, previous studies assigned all patients 
with a duration of symptom >1 hour because the duration was 
not readily available from chart review.16 Indeed, there were 
no significant differences in the frequency of vascular risk fac-
tors between the groups of ATVS caused by stroke and other 
disorders in our study.

Even though vertigo was the only manifestation in 21% of 
patients diagnosed as having a VB-TIA, and 62% of patients 
with vertigo because of VB-TIA had a history of at least 1 iso-
lated episode of vertigo,8 the National Institute of Neurological 
Disorders and Stroke criteria do not recognize transient iso-
lated dizziness or vertigo as a symptom of TIAs.17 Several 
recent studies, however, reported that transient isolated brain-
stem symptoms commonly precede the stroke involving the 
vertebrobasilar territory, but most symptoms do not satisfy 
the traditional definitions of TIA.9,10 In agreement with these 
results, this study demonstrated transient cerebellar hypoper-
fusion in 10 patients with ATVS, and 7 of them presented with 
isolated vertigo without other neurological symptoms, which 
does not fulfill the criteria of VB-TIA. These findings indi-
cate the occurrence of transient isolated dizziness/vertigo in 
VB-TIA and the requirement for including isolated transient 
dizziness/vertigo as a symptom of VB-TIA. In half of our 
patients with cerebellar hypoperfusion, the duration of ver-
tigo/dizziness was several hours, whereas it was several min-
utes in the remaining half. This is in contrast to the result of 
earlier studies, which reported that the dizziness/vertigo typi-
cally lasted several minutes in VB-TIA.8

Figure 2. Diffusion-weighted image (DWI), magnetic resonance angiography (MRA), and initial and follow-up perfusion-weighted images 
(PWIs) in 2 patients with acute transient vestibular syndrome because of cerebellar hypoperfusion. In patient 16, initial PWIs reveal a pro-
longed mean transit time (MTT) and a reduced cerebral blood �ow (CBF) in the left medial cerebellum without a diffusion restriction and 
cerebral blood volume (CBV) change. MRA shows a left vertebral artery (VA) hypoplasia. Follow-up PWI 3 d later discloses a normalized 
MTT in the left medial cerebellum. In patient 20, initial PWI demonstrates a prolonged MTT in the right whole cerebellum without a diffu-
sion restriction, CBF/CBV changes, and VA anomaly. Follow-up PWI 15 d later is normalized.
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Unilateral cerebellar hypoperfusion in our patients may 
be caused by stenosis or occlusion of ipsilesional VA. 
Approximately 80% of our patients with cerebellar hypoper-
fusion showed luminal irregularity or hypoplasia of the cor-
responding VA. In addition, there was a significantly higher 
hazard risk of developing stroke in patients with ATVS when 
associated with VA stenosis or hypoplasia. VA hypoplasia is 
supposed to be a risk factor for posterior circulation ischemia, 
especially when other vascular risk factors coexist.18,19 A recent 
study using perfusion computed tomography revealed that VA 
hypoplasia can lead to a relative regional hypoperfusion in the 
territory of the posterior inferior cerebellar artery.20 In patients 
with dizziness/vertigo of unknown cause, the prevalence of VA 
hypoplasia is higher than that in the control group.21 However, 
some of our patients exhibited cerebellar hypoperfusion in 
the presence of normal VA on the corresponding side. Thus, 
it may be attributed to focal atherosclerosis or dissection of 

the posterior inferior cerebellar artery, which requires future 
investigation.22

Alternatively, cerebellar hypoperfusion in our patients may 
be ascribed to the vestibular migraine that is one of the most 

Table 3.  Comparison of Clinical Characteristics Between Patients With ATVS Caused by Stroke and Nonstroke

 
ATVS Caused by Stroke 

(n=23)
ATVS Caused by Other 

Disorders (n=63) OR (95% CI) P Value

Age, y, mean (SD) 59 (16) 60 (14)  0.892

Age >60 y, n (%) 12 (52) 32 (51) 1.1 (0.4–2.7) 0.910

Male, n (%) 18 (78) 25 (40) 5.5 (1.8–16.6) 0.002

History

 ��� Hypertension, n (%) 13 (57) 27 (43) 1.7 (0.7–4.5) 0.261

 ��� Diabetes mellitus, n (%) 4 (17) 9 (14) 1.3 (0.3–4.6) 0.722

 ��� Hyperlipidemia, n (%) 3 (13) 6 (10) 1.4 (0.3–6.2) 0.637

 ��� Atrial fibrillation, n (%) 2 (9) 2 (3) 2.9 (0.4–21.9) 0.289

 ��� TIA or stroke, n (%) 0 (0) 2 (3)  1.000

 ��� Ischemic heart disease, n (%) 0 (0) 6 (10)  0.186

Onset-to-arrival time, h, mean (SD) 28.2 (42.8) 17.9 (37.2)  0.278

Improvement on admission, n (%) 20 (87) 43 (68) 3.1 (0.8–11.7) 0.083

Symptoms and signs 

 ��� Vertigo, n (%) 15 (65) 43 (68) 0.8 (0.3–2.4) 0.790

 ��� Craniocervical pain, n (%) 12 (52) 13 (21) 4.2 (1.5–11.6) 0.004

 ��� Acute auditory symptoms, n (%) 2 (9) 3 (5) 1.9 (0.3–12.2) 0.607

 ��� Focal neurological symptoms/signs, n (%) 10 (44) 5 (8) 8.9 (2.6–30.5) <0.001

 ��� Severe truncal instability, n (%) 3 (13) 1 (2) 9.3 (0.9–94.5) 0.057

Duration 

 ��� <1 min, n (%) 0 (0) 15 (24)  0.010

 ��� >1 min and <1 h, n (%) 14 (61) 11 (18) 7.4 (2.5–21.2) <0.001

 ��� >1 h and <24 h, n (%) 9 (39) 37 (59) 0.5 (0.2–1.2) 0.107

ABCD2 score, mean (SD) 3 (1.1) 2 (1.2)  0.101

 ��� Low (score 1–3), n (%) 19 (83) 51 (81) 1.1 (0.3–3.9) 0.861

 ��� Moderate (score 4–5), n (%) 4 (17) 12 (19) 0.9 (0.3–3.1) 0.861

VA stenosis or hypoplasia, n (%) 15 (65) 16 (25) 5.5 (2.0–15.4) 0.001

Isolated vestibular syndrome, n (%) 15 (65) 63 (100)  <0.001

ABCD2 indicates age, blood pressure, clinical features, duration, and diabetes mellitus; ATVS, acute transient vestibular syndrome; CI, confidence 
interval; OR, odds ratio; TIA, transient ischemic attack; and VA, vertebral artery.

Table 4.  Results of Multivariable Logistic Regression 
Analysis With Dependent Variable of Stroke in ATVS

Primary Variables HR (95% CI) P Value

Male sex 4.0 (0.9–17.2) 0.066

Craniocervical pain 9.6 (2.0–45.2) 0.004

Focal neurological symptoms/signs 15.2 (2.5–93.8) 0.003

Symptom duration of min 2.9 (0.7–11.7) 0.142

VA stenosis or hypoplasia 7.0 (1.7–29.4) 0.008

ATVS indicates acute transient vestibular syndrome; CI, confidence interval; 
HR, hazard ratio; and VA, vertebral artery.
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common causes of transient vestibular symptoms. Several 
recent studies have demonstrated cerebral hypoperfusion in 
patients with migraine with aura.23,24 However, PWI in migraine 
aura showed a mild unilateral or bilateral hypoperfusion not 
limited to a specific vascular territory but overlapping different 
vascular territories. Furthermore, our patients with cerebellar 
hypoperfusion did not have any previous history of headache 
or vestibular symptoms, and craniocervical pain accompanying 
with ATVS did not meet the typical characteristics of migraine.

Despite detailed neuro-otologic examination and neuro-
imaging studies, including MRIs with PWI, we could not 
establish underlying causes in more than half of the patients 
with ATVS. It may be attributed to rapid resolution of some 
peripheral vestibular disorders such as benign paroxysmal 
positional vertigo and Meniere disease during their first 
attack. Remarkably, 5 patients with ATVS showed dangerous 
HINTS plus without any evidence of stroke on neuroimag-
ing. Four patients had unidirectional horizontal nystagmus in 
the presence of normal head impulse test, and 3 of them had 
accompanying auditory symptoms. It might have been caused 
by Meniere disease because the duration of vertigo in Meniere 
disease typically lasts several hours, and the vestibulo-ocular 
reflex during head impulses can be preserved in Meniere dis-
ease.25 Alternatively, it may have resulted from false-negative 
bedside head impulse test which can be seen in patients with 
a partial vestibular deficit or because of covert saccades dur-
ing bedside examination.26 Transient brainstem hypoperfusion 
may be another possibility. PWI has limitation in detecting a 
small perfusion defect restricted to the brainstem.27 Indeed, 
one of our patients showed transient horizontal gaze-evoked 
nystagmus in the presence of normal MRIs, including DWI 
and PWI, during the attack of vertigo.

This study has several limitations. Because this study was 
based on the data from a single tertiary care hospital, the 
results from this study may not be applied to the community 
hospitals or the ambulatory care units. A selection bias should 
be also considered in interpreting the results. Because this 
study included only patients who were consulted to the neurol-
ogy department, many potentially benign patients might have 
been excluded in our study, and this may have increased the 
prevalence of stroke. We did not repeat MRIs in patients who 
received MRIs within 24 hours from the symptom onset and 
performed PWI >24 hours after the symptom onset in ≈10% 
of our patients. Therefore, some patients may have escaped 
the diagnosis of cerebral infarction or transient cerebellar 
hypoperfusion. Some of our patients showed prolonged MTT/
TTP without changes of CBF and CBV. Indeed, in patients 
with TIA, only MTT and TTP maps can reveal perfusion defi-
cit without changes of CBF and CBV according to the hemo-
dynamic states.28 The discrepancy may be because MTT and 
TTP maps are more susceptible for hemodynamic alterations. 
Alternatively, CBF and CBV had rapidly recovered to normal 
because most of the patients received PWI after the resolution 
of vestibular symptoms. We should also consider that cerebel-
lar hypoperfusion in our patients can have artifacts in PWI. 
However, normalization of initial hypoperfusion on follow-up 
PWI in the same patient may suggest pathological perfusion 
deficit rather than artifacts. Furthermore, we independently 
assessed the results of PWI by 2 experts blinded to clinical 

information, and the interrater agreement was excellent. In 
patients with cerebellar hypoperfusion, some blurry DWI 
lesions can be missed. If there were blurry DWI lesions, the 
lesion might be apparent on follow-up DWI. However, all the 
patients with cerebellar hypoperfusion showed normal DWI/
ADC values on initial and follow-up DWI images, which were 
confirmed by our 2 experts.
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Figure Legends 

 

Figure I. Diffusion-weighted image (DWI, first panel), MR angiography (MRA, third 

panel), and initial (second panel) and follow-up perfusion-weighted images (PWI, 

fourth panel) in 10 patients with ATVS due to cerebellar hypoperfusion. Three patients 

(patients 14, 15, and 16) show perfusion defect in the territory of medial posterior 

inferior cerebellar artery (PICA), whereas the remaining seven in whole territory of 

PICA. Eight patients (patients 14, 15, 16, 18, 19, 21, 22, and 23) have a focal stenosis or 

hypoplasia in the corresponding vertebral artery. 

MTT = mean transit time 

 

 

 

 

 

 

 

 

 

 

 



Table I. Dermographic and clinical characteristics of patients with ATVS due to stroke. 

Patient No Sex/age 
Symptom 

duration 

Improvement  

before evaluation 

Associated neurologic 

symptoms and signs 

Craniocervical  

pain 
Lesion Vascular territory 

Cerebral infarction (n=13) 

1 F/60 4 hours no 
Tinnitus,  

SN to L, negative HIT, SD 
(-) L cerebellum PICA, AICA 

2 M/34 10 hours no SN to L, negative HIT (+) R cerebellum PICA 

3 M/79 20 min yes L hemiparesis (-) R BG, parietal MCA 

4 M/69 15 min yes Dysarthria, B limb ataxia (-) B cerebellum SCA 

5 M/67 2-10 min yes L hemiparesis, dysarthria (-) R pons BA 

6 M/55 5 min yes Dysarthria, hemianopsia (-) 
R cerebellum,  

L occipital 
PICA, PCA 

7 M/83 5 min yes Sensory disturbance (-) 
R occipital,  

R frontal 
PCA, MCA 

8 F/74 5 min yes Dysarthria (-) B cerebellum SCA 

9 M/53 3 hours yes (-) (+) L cerebellum PICA 

10 M/62 5-30 min yes (-) (+) R cerebellum SCA 

11 M/35 5 hours yes (-) (+) R cerebellum PICA 

12 M/59 15 min yes (-) (+) R cerebellum PICA 

13 M/53 5-10 min yes (-) (-) 
B cerebellum,  

R occipital 
PICA, PCA 

Cerebellar hypoperfusion (n=10) 

14 M/69 3 min yes (-) (+) R cerebellum PICA 

15 M/66 15 hours no 
Sensory disturbance, 

negative HIT 
(+) R cerebellum PICA 

16 F/71 10 hours yes (-) (-) L cerebellum PICA 



 

17 M/74 5 min yes (-) (-) R cerebellum PICA 

18 M/31 5 min yes Sensory disturbance (+) R cerebellum PICA 

19 M/23 20 min yes (-) (+) R cerebellum PICA 

20 F/58 30 min yes (-) (+) R cerebellum PICA 

21 M/66 2 hours yes (-) (-) L cerebellum PICA 

22 F/50 3 hours yes (-) (+) L cerebellum PICA 

23 M/69 3 hours yes (-) (+) R cerebellum PICA 

ATVS = acute transient vestibular syndrome; M = male; F = female; R = right; L = left; B = both; SN = spontaneous nystagmus; HIT = head impulse test; SD = 

skew deviation; BG = basal ganglia; PICA = posterior inferior cerebellar artery; AICA = anterior inferior cerebellar artery; MCA = middle cerebral artery; SCA = 

superior cerebellar artery; BA = basilar artery; PCA = posterior cerebral artery.  

 




