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Abstract 

Background:  The definition of sudden sensorineural hearing loss (SSNHL) is broadly accepted as acute sensorineural 
hearing loss of more than 30 dB over at least three consecutive frequencies in a pure-tone audiogram (PTA). Acute 
audiovestibular loss is common with ischaemic stroke in the territory of the anterior inferior cerebellar artery (AICA). 
However, cases in which SSNHL and vertigo occur with hypoperfusion alone are very rare. We describe a patient who 
developed unilateral SSNHL and vertigo as initial symptoms caused by cerebellar hypoperfusion by vertebral artery 
(VA) dissection without the occurrence of infarction.

Case presentation:  A 51-year-old man suddenly developed acute hearing loss (AHL) in his left ear and vertigo. On 
neurological examination, he had vibration-induced right-beating nystagmus and left-beating nystagmus after a 
head-shaking test. Additionally, he had apogeotropic nystagmus during head turns to either side. The head impulse 
test (HIT) was normal. PTA showed mild unilateral SSNHL in the left ear. Diffusion-weighted imaging (DWI) and 
perfusion-weighted imaging (PWI) showed territorial perfusion deficits in the left posterior inferior cerebellar artery 
(PICA) and anterior inferior cerebellar artery (AICA) without infarction. Two months later, the patient had no vertigo 
but still had hearing impairment in his left ear. A follow-up PTA documented persistent unilateral SSNHL in the left ear. 
Additionally, perfusion computed tomography (CT) showed that perfusion deficits remained in the left cerebellum 
along the PICA and AICA territories.

Conclusions:  Our case highlights a case of AHL and vertigo presented by isolated cerebellar hypoperfusion with-
out infarction. It is necessary to consider the possibility of a central cause in patients with AHL and vertigo, and it is 
important to confirm this possibility through brain magnetic resonance imaging (MRI), including PWI, and magnetic 
resonance angiography (MRA).
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Background
Sudden sensorineural hearing loss (SSNHL) is a sudden 
and unexplained hearing loss that is frequently unilateral. 
The US National Institute for Deafness and Communica-
tion Disorders defines SSNHL as an idiopathic hearing 
loss of at least 30 dB over at least 3 test frequencies within 
72 hours [1]. The aetiology and pathogenesis of SSNHL 
are unclear but they may be multifactorial. Several factors 
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such as inflammation, infection, trauma, aging (presby-
cusis), ototoxic drugs, autoimmune conditions, rupture 
of the labyrinthine membrane, and vascular insufficiency 
may be involved [2].

The evidence suggests that the development of SSNHL 
can be an initial warning sign of vascular events, such as 
thromboembolism, vasospasm, and insufficient blood 
circulation [2, 3]. Audiovestibular manifestations, such 
as acute hearing loss (AHL) and vertigo are usually 
caused by occlusive diseases of the vertebrobasilar sys-
tem. Among the vascular events, territorial infarction of 
the anterior inferior cerebellar artery (AICA) caused by 
thrombosis or embolism is the leading cause. In a previ-
ous report, only 1% of patients with AHL experienced a 
non-AICA territory vertebrobasilar ischaemic stroke [4].

There have been reports of SSNHL related to infarc-
tion, especially AICA territorial infarction, and although 
infarction was subsequently observed, it occurred at a 
site different from the hypoperfusion area; furthermore, 
it is known that cases in which SSNHL and vertigo occur 
with hypoperfusion alone are very rare. We describe a 
patient who developed unilateral SSNHL and vertigo as 
initial symptoms caused by cerebellar hypoperfusion by 
vertebral artery (VA) dissection without the occurrence 
of infarction.

Case presentation
A 51-year-old man presented with a sudden loss of hear-
ing in his left ear. He also noted vertigo and imbalance. 
Approximately three times over the previous week, the 
patient had experienced transient hearing loss and ver-
tigo lasting between 5 and 10 minutes. The patient had 
a history of hypertension and heavy smoking but he did 
not have a history of hearing impairment, head trauma, 
central nervous system infection, autoimmune diseases, 
or exposure to ototoxic drugs.

On neurological examination, he had vibration-induced 
right-beating nystagmus and left-beating nystagmus after 
a head-shaking test. Additionally, he had left-beating nys-
tagmus in the right roll test and right-beating nystagmus 
in the left roll test. The head impulse test was normal. 
Analysis of blood contents, including complete blood 
count, serum electrolytes, liver and kidney function indi-
cators, and high-sensitivity C-reactive protein (hsCRP), 
were normal, except for an increased LDL-cholesterol 
level (130 mg/dL). Pure-tone audiogram (PTA) showed a 
mild unilateral sensorineural, pure-tone average of 37 dB 
(dB) in the left ear (Fig. 1A).

Magnetic resonance imaging (MRI) of the brain 
was performed 9 hours after the last event. Diffusion-
weighted imaging (DWI) and apparent diffusion coef-
ficient (ADC) maps showed normal findings (Fig.  1B). 
Perfusion-weighted imaging (PWI) (Fig.  1C) showed 
territorial perfusion deficits in the left posterior inferior 
cerebellar artery (PICA) and anterior inferior cerebellar 
artery (AICA) without infarction. Brain CT angiogra-
phy (CTA) (Fig. 1D) revealed occlusion of the left post-
PICA intracranial VA and multifocal stenosis of the right 
intracranial VA, indicating that both VA dissections were 
confirmed by conventional angiography (Fig. 1E).

We started treating the patient with 75 mg of clopi-
dogrel and 40 mg of atorvastatin. After starting treat-
ment, his vertigo gradually improved, but his SSNHL 
did not change. Follow-up DWI and ADC mapping 
performed 3 days after onset showed multifocal infarc-
tions along the posterior circulation involving the upper 
cerebellum and occipital lobe, not the PICA and AICA 
territories (Fig. 2). Two months later, the patient had no 
vertigo but still had hearing impairment in his left ear. 
A follow-up PTA documented a persistent unilateral 
sensorineural, pure-tone average of 53 dB in the left ear 
(Fig.  3A). Additionally, perfusion computed tomogra-
phy (CT) showed that perfusion deficits remained in 
the left cerebellum along the PICA and AICA territories 
(Fig. 3B).

Discussion and conclusions
Hearing impairment seriously affects not only the physi-
cal and mental health of patients but also the social life 
and activities of daily living. Circulation system disorders, 
such as ischemic stroke and myocardial infarction have 
closely related to SSNHL [2]. Because the blood supply to 
the audiovestibular system arises from the vertebrobasi-
lar circulation, hearing loss and/or vertigo are also com-
mon complications of vertebrobasilar ischaemic stroke 
(VBIS). The most common territory of infarction related 
to acute SSNHL on brain MRI is in the distribution of the 
AICA because the internal auditory artery, which mostly 
originates from the AICA, is the main artery for vascular 
supply to the inner ear with minimal collaterals [5]. Sev-
eral reports on the frequency of acute hearing loss asso-
ciated with VBIS. In a retrospective analysis of patients 
with VBIS, approximately 1.4% (7/503) of patients had 
bilateral hearing loss, documented by audiometric 
examination [6]. In addition, several reports have found 
that sudden deafness with audiometric data can be a 

Fig. 1  Pure-tone audiogram (a) showed a mild unilateral sensorineural, pure-tone average of 37 dB (dB) in the left ear. Diffusion-weighted imaging 
and apparent diffusion coefficient map (b) showed normal findings. Perfusion-weighted imaging (c) revealed left PICA and AICA territorial perfusion 
deficits without infarction. Brain CT angiography (d) revealed occlusion of the left post-PICA intracranial VA and multifocal stenosis of the right 
intracranial VA, indicating that both VA dissections were confirmed by conventional angiography (e)

(See figure on next page.)
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Fig. 1  (See legend on previous page.)
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prodrome of vertebrobasilar insufficiency (VBI), and they 
mentioned that it was an important clue for the detection 
of AICA infarction [7, 8].

In this case, the patient had intermittent unilat-
eral hearing loss and vertigo 1 week before the onset of 
symptoms. This shows that our patient was in the same 
situation described with infarction of one of the eight 
subgroups of the AICA area: sudden onset of audioves-
tibular syndrome with vertigo and hearing loss that is 
occasionally preceded by a prodromal episode(s) of audi-
ovestibular disturbance [5, 9]. Our patient had a history 
of hypertension and heavy smoking, and the cause of 
AHL likely had a vascular origin. This is consistent with 
a previous report that a vascular cause should be highly 
suspected in patients with combined audiovestibular loss 
and prolonged vertigo [5].

In this case, overall hypoperfusion, including in the 
AICA and PICA territories observed with PWI, is 
thought to be the cause of the AHL and vertigo due to the 
prodromal symptoms of infarction. However, the pattern 
of cerebral infarction observed in follow-up DWI was not 
the previously known AICA, and the PICA infarction 
showed the possibility that isolated cerebellar hypoper-
fusion alone can induce persistent AHL. There are few 
studies on AHL and isolated cerebellar hypoperfusion. In 
one study involving acute transient vestibular syndrome 
(ATVS), The ipsilesional VA stenosis or occlusion may 
cause unilateral cerebellar hypoperfusion in patients with 
ATVS. Almost 80% of patients with cerebellar hypoperfu-
sion revealed luminal abnormality or corresponding VA 

hypoplasia [10]. In addition, a recent study showed that 
ATVS patients associated with VA stenosis or hypoplasia 
had a higher risk for posterior circulation ischaemia [10, 
11]. VA hypoplasia is thought to be more vulnerable to 
vertebrobasilar ischaemia, especially when conventional 
vascular risk factors coincide [11]. In another study, a 
decrease in AICA blood flow in a patient with AHL was 
observed on 3-dimensional stereotactic surface projec-
tion single photon emission computed tomography [12]. 
As in this case, these studies show that isolated cerebellar 
hypoperfusion can cause AHL even if cerebellar infarc-
tion does not occur.

There are some reports that an initial normal MRI does 
not rule out vascular aetiology [13]. However, as in this 
case, the locations of the infarcted area were different 
from the hypoperfusion areas, and the locations were not 
related to AHL. These results imply that the multifocal 
infarcted area has been affected by embolism since VA 
dissection, and as a result, the initial PWI and later DWI 
show different lesions, which are also associated with the 
progression of VA dissection. Therefore, we think that 
this is the first case to show that AHL can occur with 
continuous hypoperfusion even if infarction does not 
occur.

In a study of patients with AHL due to posterior cir-
culation ischaemia, nearly 80% of the patients who were 
followed for at least 1 year after the onset of sudden deaf-
ness due to vascular cause (mainly cerebellar infarction 
of the AICA territory) had a partial or complete recovery 
of hearing. Multivariate analysis revealed that multiple 

Fig. 2  Follow-up diffusion-weighted imaging and apparent diffusion coefficient mapping performed 3 days after onset demonstrated multifocal 
infarctions along the posterior circulation involving the upper cerebellum and occipital lobe and not the PICA and AICA territories
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vascular risk factors for ischaemic stroke and profound 
hearing loss had poorer outcomes regarding recovery 
from AHL [8]. Although there have been no systemic 

reports on the factors indicating poor outcomes in 
patients with AHL due to vascular causes, the improve-
ment rate of hearing loss in patients with severe hearing 

Fig. 3  Pure-tone audiogram 2 months later (a) documented persistent unilateral sensorineural, pure-tone average of 53 dB in the left ear. 
Additionally, perfusion CT (b) showed that the perfusion deficits remained in the left cerebellum along the PICA and AICA territories (red arrow)
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loss had a remarkably poorer outcome than the patients 
with less than severe hearing loss (40% vs. 94%) [8]. In 
this case, the hearing loss persisted without recovery 
even after 2 months, and follow-up perfusion CT showed 
that hypoperfusion was still present in the left AICA 
territory.

Although the exact mechanism of the long-term out-
come of AHL associated with VBIS is not clearly under-
stood, the maximum improvement is usually seen within 
the first 2 weeks after the onset of hearing loss [14]. 
The prognosis for recovery is best when the patients 
are detected early, recovery begins within 2 weeks, and 
there is a mild loss with an upwards-sloping audiogram 
without vertigo. The previous study has reported the 
prognosis for recovery mainly depends on a mild loss at 
presentation with an upwards-sloping audiogram and an 
absence of vertigo. Patients who have flat or downslop-
ing audiograms with an AHL of less than 90 dB are likely 
to have variable outcomes. Old age and the presence of 
vertigo can affect the poor prognosis [15]. In this case, 
the patient visited the hospital relatively late after the 
first symptoms occurred, and the fact that he had flat or 
downsloping audiograms with AHL of less than 90 dB 
and it was accompanied by vertigo is presumed to be 
related to his continued hearing loss. We speculate that 
his persistent hypoperfusion is also related to his contin-
uation of hearing loss. Therefore, it can be hypothesized 
that improvements in AHL do not naturally occur over 
time and only occur when hypoperfusion is improved.

The HINTS examination (head impulse test, direction-
changing nystagmus, test of skew) provides the earliest 
collection of physical examination findings developed 
to reliably rule out a central cause of hearing loss from 
a peripheral cause [16]. Any other findings should raise 
concern for a central cause, and a stroke workup should 
be performed. For central causes, HINTS is 96.8% sen-
sitive and 98.5% specific compared with 14.3% falsely 
negative MRI in the first 48 hours [17]. HINTS Plus is the 
same as HINTS but with the addition of audiometry [18]. 
New-onset hearing loss with acute vestibular syndrome 
was identified as an additional predictor of stroke based 
on a 2013 population-based study: its addition increased 
the sensitivity for stroke detection to 99% [17].

Although HINTS has been used academically for more 
than 10 years, There are still limitations to practical use 
in clinical practice. Many physicians in acute emergency 
settings tend to rely on neuroimaging because they lack 
the confidence to use their examination and interpreta-
tion of eye movements to make a critical decision about 
whether a patient has had a stroke. This means that the 
usefulness of HINTS strongly depends on the level of 
expertise of the person performing it [19]. Additionally, 
a formal audiogram is not feasible in most emergency 

department settings, and physicians should rely on bed-
side testing. If a hearing assessment cannot be obtained 
in the emergency setting, an outpatient audiogram 
should be arranged to aid in risk stratification and can 
confirm the patient’s hearing status only after the stroke 
is diagnosed. Although normal HIT and AHL were 
observed in this case, it could not be regarded as a find-
ing completely suitable for HINTS and HINTS Plus.

We treated the patient with clopidogrel and atorvas-
tatin. Treatment for dissection aims to prevent arterial 
rupture and further ischaemia and infarction while pre-
serving blood supply to the associated vascular terri-
tory [20]. Current guidelines recommend initial therapy 
with antiplatelets and/or anticoagulants [21]. The ran-
domized CADISS clinical trial showed no significant 
difference between antiplatelet and anticoagulant treat-
ments in rates of further ischaemic stroke, subarach-
noid haemorrhage, and death at 3 months [22]. To date, 
symptomatic intracranial artery dissection, including 
vertebral artery dissection, is a significant challenge for 
clinicians due to the evidence of poor clinical outcomes 
and limited conservative and interventional manage-
ment [23]. Since the introduction of endovascular 
treatments for intracranial artery dissection two dec-
ades ago, it has evolved from simple coiling or balloon 
occlusion for parent arterial sacrifice to more selective 
and delicate reconstruction styles, including overlap-
ping stents, stent-assisted coils, and flow diverters [23]. 
As reported in a previous meta-analysis, deconstructive 
treatments were commonly utilized for vertebrobasilar 
dissections with good angiographic outcomes [24].

In conclusion, we reported a case of AHL and ver-
tigo due to isolated cerebellar hypoperfusion with-
out infarction. If a brain MRI, including PWI, was not 
performed in this case, the diagnosis and treatment of 
cerebellar ischaemia may have been delayed. Therefore, 
it is necessary to consider the possibility of a central 
cause in patients with AHL and vertigo, and it is impor-
tant to confirm it through brain MRI, including PWI, 
and magnetic resonance angiography (MRA).

Abbreviations
SSNHL: Sudden sensorineural hearing loss; VA: Vertebral artery; AHL: Acute 
hearing loss; HIT: Head impulse test; PTA: Pure-tone audiogram; DWI: Diffusion-
weighted imaging; PWI: Perfusion-weighted imaging; PICA: Posterior inferior 
cerebellar artery; AICA: Anterior inferior cerebellar artery; hsCRP: High-sensi-
tivity C-reactive protein; dB: Decibel; MRI: Magnetic resonance imaging; MRA: 
Magnetic resonance angiography; CTA​: Computed tomography angiography; 
CT: Computed tomography; VBIS: Vertebrobasilar ischaemic stroke; VBI: Verte-
brobasilar insufficiency; ATVS: Acute transient vestibular syndrome.

Acknowledgements
We would like to thank all members of the Department of Neurology, 
Wonkwang University Hospital and Division of Neuro-Visual and Vestibular 
Disorders, Johns Hopkins University Hospital who gave us inspiration and 
helpful advice.



Page 7 of 7Kim et al. BMC Neurology          (2022) 22:489 	

Authors’ contributions
YSK is the first author. YSK made contributions to the acquisition, analysis, and 
interpretation of the data and wrote the manuscript. AST and HSL edited the 
manuscript and provided insightful thoughts regarding the design. AST and 
HSL critically revised the manuscript for important intellectual content. All 
authors read and approved the final manuscript.

Funding
This paper was sponsored by the Soongsan Fellowship at Wonkwang Univer-
sity in 2020.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
This case report followed the tenets of the Declaration of Helsinki and was 
performed in accordance with the guidelines of the Institutional Review Board 
of Wonkwang University Hospital. Informed written consent was obtained 
from the patient to participate in the study.

Consent for publication
Written informed consent was obtained from the patient for publication of 
this case report and any accompanying images. A copy of the written consent 
is available for review by the editor of this journal.

Competing interests
All authors have nothing to declare. There are no financial or nonfnancial 
competing interests.

Author details
1 Department of Neurology, Institute of Wonkwang Medical Science, 
Wonkwnag University School of Medicine, Iksan, South Korea. 2 Department 
of Neurology, Jeonbuk Regional Cardiocerebrovascular Center, Wonkwang 
University Hospital, 895 Muwang‑ro, Iksan, Jeollabuk‑do 54538, South Korea. 
3 Department of Neurology, Division of Neuro‑Visual and Vestibular Disorders, 
Johns Hopkins University School of Medicine, Baltimore, MD, USA. 

Received: 14 June 2022   Accepted: 9 December 2022

References
	1.	 National Institute of Deafness and Communication Disorders. Sudden 

deafness. https://​www.​nidcd.​nih.​gov/​health/​sudden-​deafn​ess. Accessed 
10 Mar 2022.

	2.	 Hsu YH, Hu HY, Chiu YC, Lee FP, Huang HM. Association of sudden sensori-
neural hearing loss with vertebrobasilar insufficiency. JAMA Otolaryngol 
Head Neck Surg. 2016;142(7):672–5.

	3.	 Mosnier I, Stepanian A, Baron G, Bodenez C, Robier A, Meyer B, et al. 
Cardiovascular and thromboembolic risk factors in idiopathic sudden 
sensorineural hearing loss: a case-control study. Audiol Neurootol. 
2011;16(1):55–66.

	4.	 Lee H. Sudden deafness related to posterior circulation infarction in the 
territory of the nonanterior inferior cerebellar artery: frequency, origin, 
and vascular topographical pattern. Eur Neurol. 2008;59:302–6.

	5.	 Lee H. Recent advances in acute hearing loss due to posterior circulation 
ischemic stroke. J Neurol Sci. 2014;338:23–9.

	6.	 Huang MH, Huang CC, Ryu SJ, Chun NS. Sudden bilateral hearing impair-
ment in vertebrobasilar occlusive disease. Stroke. 1993;24:132–7.

	7.	 Lee H, Sohn SI, Jung DK, Cho YW, Lim JG, Yi SD, et al. Sudden deaf-
ness and anterior inferior cerebellar artery infarction. Stroke. 
2002;33(12):2807–12.

	8.	 Lee H, Baloh RW. Sudden deafness in vertebrobasilar ischemia: clinical 
features, vascular topographical patterns and long-term outcome. J 
Neurol Sci. 2005;228(1):99–104.

	9.	 Lee H, Kim JS, Chung EJ, Yi HA, Chung IS, Lee SR, et al. Infarction in the 
territory of anterior inferior cerebellar artery: spectrum of audiovestibular 
loss. Stroke. 2009;40:3745–51.

	10.	 Choi JH, Park MG, Choi SY, Park KP, Baik SK, Kim JS, et al. Acute transient 
vestibular syndrome: prevalence of stroke and efficacy of bedside evalua-
tion. Stroke. 2017;48(3):556–62.

	11.	 Katsanos AH, Kosmidou M, Kyritsis AP, Giannopoulos S. Is vertebral 
artery hypoplasia a predisposing factor for posterior circulation cerebral 
ischemic events? A comprehensive review Eur Neurol. 2013;70:78–83.

	12.	 Fukuda R, Miyamoto N, Hayashida A, Ueno Y, Yamashiro K, Tanaka R, et al. 
Acute hearing loss caused by decreasing anterior inferior cerebellar 
arterial perfusion in a patient with vertebral artery stenosis. J Stroke 
Cerebrovasc Dis. 2017;26(6):e119–e21.

	13.	 Yi HA, Lee SR, Lee H, Ahn BH, Park BY, Whitman GT. Sudden deafness as a 
sign of stroke with normal diffusion-weighted brain MRI. Acta Otolaryn-
gol. 2005;125:1119–21.

	14.	 Byl FM Jr. Sudden hearing loss: eight years’ experience and suggested 
prognostic table. Laryngoscope. 1984;94:647–61.

	15.	 Tamhankar M, Solomon D. Acute hearing loss. Curr Treat Options Neurol. 
2004;6:55–65.

	16.	 Kung NH, Van Stavern GP, Gold DR. HINTS in the acute vestibular syn-
drome: pearls and pitfalls. J Neuroophthalmol. 2018;38(2):244–50.

	17.	 Newman-Toker DE, Kerber KA, Hsieh YH, Pula JH, Omron R, Saber Tehrani 
AS, et al. HINTS outperforms ABCD2 to screen for stroke in acute continu-
ous vertigo and dizziness. Acad Emerg Med. 2013;20(10):986–96.

	18.	 Kattah JC. Update on HINTS plus, with discussion of pitfalls and pearls. J 
Neurol Phys Thery. 2019;43(suppl 2):S42–S5.

	19.	 Steenerson KK. Acute vestibular syndrome. Continuum. 
2021;27(2):402–19.

	20.	 Peng J, Liu Z, Luo C, Chen L, Hou X, Xiao L, et al. Treatment of cervical 
artery dissection: antithrombotics, thrombolysis, and endovascular 
therapy. Biomed Res Int. 2017;2017:3072098.

	21.	 Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, 
Becker K, et al. Guidelines for the early management of patients with 
acute ischemic stroke: 2019 update to the 2018 guidelines for the early 
management of acute ischemic stroke a guideline for healthcare profes-
sionals from the American Heart Association/American Stroke Associa-
tion. Stroke. 2019;50(12):E344–418.

	22.	 Markus HS, Levi C, King A. Cervical artery dissection in stroke study 
(CADISS) investigators. Antiplatelet therapy vs anticoagulation therapy 
in cervical artery dissection: the cervical artery dissection in stroke 
study (CADISS) randomized clinical trial final results. JAMA Neurol. 
2019;76:657–64.

	23.	 Essibayi MA, Lanzino G, Keser Z. Endovascular treatments of intrac-
ranial vertebral and internal carotid arteries dissections: an inter-
active systematic review and meta-analysis. Interv Neuroradiol. 
2022;2022:15910199221095789.

	24.	 Sönmez Ö, Brinjikji W, Murad MH, Lanzino G. Deconstructive and recon-
structive techniques in treatment of vertebrobasilar dissecting aneu-
rysms: a systematic review and meta-analysis. AJNR Am J Neuroradiol. 
2015;36:1293–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.nidcd.nih.gov/health/sudden-deafness

	Sudden unilateral hearing loss and vertigo following isolated cerebellar hypoperfusion without infarction due to vertebral artery dissection
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation
	Discussion and conclusions
	Acknowledgements
	References


