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Introduction

Vestibular neuritis (VN) is a peripheral vestibulopathy due 
to a sudden loss of vestibular function presenting with severe 
vertigo lasting over 24 hours, usually accompanied by nau-
sea and vomiting. We recently demonstrated that acute ves-
tibular loss could be caused by canalith jam [1,2], so we pre-
fer to maintain the term “vestibular neuritis” to indicate an 
acute ischemic or viral vestibular loss. VN is characterized 
by spontaneous unidirectional nystagmus (SUN) beating to-
wards the unaffected ear, positive bed-side head impulse test 
(HIT) on the horizontal plane and reduced or absent caloric 
response on the involved side. Auditory function and central 
nervous system (CNS) are generally spared. Complete symp-

toms relief usually occurs within six months from the onset 
[3,4]. Although the cause of VN is uncertain, it is thought to 
result from two different etiopathogenetic mechanisms: an in-
flammation involving the entire vestibular nerve or one of its 
divisions (presumably due to a viral reactivation) [3,4] or an 
acute ischemia confined in the territory supplied by the ante-
rior vestibular artery [5-7]. Nowadays, thanks to the recent 
introduction of fast devices for vestibular testing, information 
about the activity of peripheral sensors and afferents can be eas-
ily provided. The interpretation of data obtained combining 
the results of vestibular-evoked myogenic potentials (VEMPs) 
[8] and video-HIT [9] allows an accurate assessment of otolith 
and semicircular canals involvement, respectively, enabling 
the identification of specific patterns of lesion affecting laby-
rinthine end-organs or vestibular nerve divisions.

Bilateral sequential vestibular neuritis (BSVN) is a rare 
occurrence described in 1.9-5.3% of patients who previous-
ly developed a VN [10-12]. Contralateral recurrence of VN 
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has been documented after a variable period from the prior 
event [10-14]. According to the English literature, few cases of 
BSVN [10-15] and two patients with simultaneous bilateral 
VN [16,17] have been reported so far. Given the rarity of re-
ported cases, literature is still lacking in quantitative assess-
ment of semicircular canals and otolith involvement. Here 
we describe the clinical presentation and the instrumental 
work-up in four cases of BSVN and discuss the possible un-
derlying etiopathogenetic mechanisms. 

Subjects and Methods

The four cases were selected according to typical charac-
teristics of BSVN between 2012 and 2019, who visited “Pa-
dova University, Santa Maria della Misericordia Hospital, 
and Santa Maria Nuova Hospital”. Every patient underwent 
video-HIT during the first and the second episode of VN, fur-
thermore they have been studied with radiological imaging. 
The video-HIT has been performed with a camera assembled 
on a tripod connected to a computer that films the patient's 
face (Synapsys, Marseille, France). Where possible, VEMPs 
were evaluated in response to air-conducted sounds (tone 
bursts 500 Hz, duration 8 ms, intensity 120 dB SPL and stim-
ulation rate 5 Hz) using an Epic Plus system (Labat, Mestre, 
Italy) with a two channel averaging capacity, as reported by 
Rosengren, et al. [8]. Verbal informed consent for publica-
tion was obtained from every involved patient, agreeing with 
the written general consensus of the hospital admission that 
included scientific and bioethical research.

Results

All the cases are summarized in Table 1 according to the 
SSC, the innervation and the vascularization involved during 
the first and the second episode of VN. The final outcome 
and added findings were also analyzed.

Case 1
A 61-year-old male was admitted to the ENT Unit com-

plaining of acute rotatory vertigo without hearing impairment. 
Bed-side examination revealed right-beating SUN and posi-
tive HIT with leftward head rotations. Neurological evalua-
tion was otherwise unremarkable and audiometry was within 
the age range. Contrast-enhanced brain CT scans and supra-
aortic trunks ultrasound were normal. The video-HIT showed 
reduced vestibulo-ocular reflex (VOR) gain for the left supe-
rior semicircular canal (SSC) and lateral semicircular canal 
(LSC). The patient was discharged with a diagnosis of left 
VN. Four years later, he experienced a second slight episode Ta
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of acute vertigo and unsteadiness with left-beating SUN and 
refixation saccades after horizontal HIT in both directions. 
CNS involvement was ruled out by an extensive neurologi-
cal assessment and a gadolinium-enhanced brain MRI. After 
corticosteroid treatment and resolution of symptoms, he de-
veloped positional vertigo few days later. Right Dix-Hallpike 
maneuver elicited paroxysmal up-beating/counter-clockwise 
nystagmus (with respect to the observer’s point of view) con-
sistent with benign paroxysmal positional vertigo (BPPV) 
due to right posterior semicircular canal (PSC) canalolithia-
sis. The patient was then successfully treated with multiple 
sessions of Epley particle repositioning maneuver (PRM). 
The video-HIT conducted after the second episode of VN 
and after the resolution of the BPPV demonstrated persistent 
left SSC and LSC hypofunction, newly reduced gains in the 
right SSC and LSC, and a slight functional impairment for the 
right PSC (Fig. 1). He developed severe imbalance, oscillop-
sia and blurred vision. He was suggested to follow a rehabili-
tation program focused on VOR and balance exercises. 

Case 2
A 28-year-old male presented to the ENT Unit reporting 

right earache, dizziness, some vesicles on his right auricle and 
ipsilateral VII cranial nerve (CN) palsy (V grade according to 
House Brackmann grading scale [18]). At the bed-side exami-

nation he showed left-beating SUN and positive HIT on the 
right. Audiometric assessment showed normal hearing func-
tion (Fig. 2A). Fitzgerald-Hallpike bithermal caloric test (BCT) 
detected a complete right canal paresis (CP) (Fig. 2B). Gad-
olinium-enhanced brain MRI highlighted an increased en-
hancement in the intracanalicular tract of the right VIII CN 
(Fig. 2C, D). The patient was diagnosed with right Ramsay-
Hunt syndrome. Infusive therapy with glycerol, corticoste-
roids and antiviral drugs was administrated with improvement 
of vestibular symptoms while right facial palsy remained un-
changed. At 8 days, the patient returned to the emergency 
department (ED) for sudden relapse of unsteadiness. He pre-
sented with right-beating SUN and positive horizontal HIT 
on both sides. Neither gaze-evoked nystagmus nor skew de-
viation could be detected. Ophthalmologic and neurological 
evaluations were unremarkable. Cerebrospinal fluid examina-
tion revealed a mild increase for white cells count without spe-
cific viral or bacterial contaminations. Extensive serological 
studies including auto-immunological panel ruled out specific 
immunological disorders. An additional gadolinium-enhanced 
brain MRI showed a newly enhanced signal in the left ves-
tibular nerve (Fig. 2E, F). The video-HIT revealed bilateral 
vestibular loss with selective preservation of the left SSC 
function (Fig. 2G). After few days of infusive treatment, the 
patient was discharged with a diagnosis of Ramsay-Hunt syn-

Fig. 1. Video-HIT performed using 
an ICS VOG system (GN Otometrics, 
Taastrup, Denmark) with a high-
speed head-mounted camera on 
goggles with velocity sensors. Mean 
value for the VOR gain (eye veloci-
ty/head velocity) is reported for each 
canal. This test demonstrates hypo-
function of left SSC and LSC, and 
reduced gains for all right semicircu-
lar canals (with a slight functional im-
pairment for the right PSC). LL: left 
lateral, RL: right lateral, LA: left ante-
rior, RP: right posterior, LP: left pos-
terior, RA: right anterior, HIT: head 
impulse test, VOR: vestibulo-ocular 
reflex, SSC: superior semicircular ca-
nal, LSC: lateral semicircular canal.
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A

F G

C D E

B

Fig. 2. Case 2 analyzed by audiometric assessment, bithermal caloric test, radiological imaging, and video-HIT (Synapsys, Marseille, 
France). A: Audiometric assessment shows normal hearing function. B: Fitzgerald-Hallpike bithermal caloric test shows a complete right 
canal paresis. C, D: Coronal and axial T1 sequences of the first gadolinium-enhanced brain MRI highlighting an increased enhancement 
in the intracanalicular tract of the right VIII CN (red arrow). E, F: Second coronal and axial T1 weighted post-contrast brain MRI showing 
persistent increased signal in the intracanalicular tract of the right VIII CN (red arrows) and newly slight enhancement in the left VIII CN (yel-
low arrow). G: The value of VOR gain for each impulse is graphically expressed as a dot within concentric circle representing VOR gain 
ranges. A complete functional impairment for all right semicircular canals and for left LSC and PSC can be observed, whereas left SSC 
function is selectively spared. OFI: ocular fixation index, ANT: anterior, LAT: lateral, POST: posterior, HIT: head impulse test, CN: cranial 
nerve, SSC: superior semicircular canal, VOR: vestibulo-ocular reflex, LSC: lateral semicircular canal, PSC: posterior semicircular canal.
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drome with peripheral involvement of right VII CN and ves-
tibular nerves on both sides. On one-month follow-up, he did 
not show any functional improvement neither in right facial 
nor in semicircular canals function on both sides at the video-
HIT. Though symptom-free at rest and low-velocity walking, 
he reported disabling oscillopsia during speed walking or 
running, so he was addressed to an intensive vestibular reha-
bilitation therapy.

Case 3
A 63-year-old male was admitted to the ED for acute onset 

of vertigo. Bed-side examination revealed left-beating SUN 
and refixation saccades after right HIT. Audiometry assessed 
a symmetrical high-frequency sensorineural hearing loss con-

sistent with the patient’s age. Contrast-enhanced brain CT scan 
showed signs of chronic vascular disease and Doppler ultraso-
nography of the supra-aortic trunks revealed a 40% arterial lu-
men stenosis at carotid bifurcation bilaterally. Neurological 
examination was uneventful. The patient was discharged for 
right VN. He returned to our attention four months later for re-
currence of slight vertigo and unsteadiness. Right-beating SUN 
was registered with video-oculography (VOG). The video-
HIT showed bilateral hypofunction of the LSC and SSC (Fig. 
3A). At 1 month from the onset, only a slight pure up-beating 
nystagmus increased by the skull vibration test could be de-
tected by VOG in supine position. Cervical VEMPs for air-con-
ducted sounds showed normal amplitudes on both sides, while 
air-conducted ocular VEMPs were bilaterally absent (Fig. 3B). 

Fig. 3. Case 3 analyzed by video-HIT, VEMPs, and bithermal caloric test. A: Video-HIT performed using an ICS VOG system (GN Oto-
metrics, Taastrup, Denmark) showing bilateral hypofunction of the LSC and the SSC. B: Cervical (above) and ocular (below) VEMPs. 
Cervical VEMPs amplitudes are slightly reduced on the left though within normality ranges (right: 50.4 µV, left: 28.6 µV, asymmetry ra-
tio: 28%), whereas ocular VEMPs are bilaterally absent. C: Video-HIT showing a complete deficit for all left semicircular canals and an 
impairment of the right LSC and SSC. Mean value of the VOR gain (eye velocity/head velocity) and corresponding standard deviation 
(σ) is reported for each canal. D: BTC results after the second episode of VN documenting bilateral vestibular hypofunction with left CP 
of 78%. LARP: left anterior-right posterior, RALP: right anterior-left posterior, R: right, L: left, SPV: slow phase velocity, HIT: head impulse 
test, VEMPs: vestibular-evoked myogenic potentials, LA: left anterior, RP: right posterior, LP: left posterior, RA: right anterior, VOR: vestib-
ulo-ocular reflex, LSC: lateral semicircular canal, SSC: superior semicircular canal, BTC: bithermal caloric (test), VN: vestibular neuritis, 
CP: canal paresis.
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Temporal bone CT scan was unremarkable, while brain MRI 
showed wide multifocal ischemic leukoencephalopathy with 
mild enlargement of brain cerebrospinal fluid spaces. The pa-
tient was treated with statins and anticoagulant medications 
because of his cardiovascular comorbidities and sent to a ves-
tibular rehabilitation program for severe imbalance and oscil-
lopsia. The same patient returned to the ED 17 months later 
for sudden onset of positional vertigo. Left Dix-Hallpike ma-
neuver elicited paroxysmal up-beating/clockwise nystagmus 
(with respect to the observer’s point of view) consistent with 
left PSC-BPPV. Several Epley PRMs were needed to treat the 
patient effectively. At 10 days, the video-HIT showed reduced 
gains in all left semicircular canal planes and for the right LSC 
and SSC (Fig. 3C). BCT demonstrated bilateral vestibular hy-
pofunction with left CP of 78% according to Jongkees formu-
la (Fig. 3D).

Case 4
A 36-year-old female was admitted to the ENT Unit in 2004 

for an acute vestibular syndrome without hearing impairment 
or CNS symptoms. A slight left-beating SUN and positive 
HIT for rightward head rotations could be detected at the bed-
side examination. The video-HIT showed a selective VOR im-
pairment for the right SSC and LSC. Audiometric assessment, 
neurological evaluation and gadolinium-enhanced brain MRI 

were unremarkable. BCT revealed a severe right CP (80%). 
She was submitted to infusive steroids therapy for relief of 
symptoms and discharged with a diagnosis of right VN. At 7 
days, the video-HIT documented a normalization of VOR gain 
for right SSC and LSC. Four years after the first event, she 
experienced a second episode of long-lasting rotatory vertigo 
with similar characteristics to the previous manifestation. VOG 
detected a right-beating SUN, whereas neurological assess-
ment and brain MRI excluded CNS involvement. The video-
HIT showed reduced gains in all left semicircular canal planes 
(Fig. 4). On six-month follow-up, the video-HIT did not show 
any sign of functional recovery of the left side. Nevertheless, 
the patient returned to fulltime work and daily activity.

Discussion

BSVN is a rare condition. According to literature, only 1.9- 

5.3% of patients with VN develops a bilateral involvement 
with different onset time for each affected ear [10-12], where-
as a relapse rate on the ipsilateral side has been documented 
in up to 16.7% of patients with VN [19,20]. In this study, we 
found four cases of BSVN (3 males and 1 female, mean age 
47.0±17.6 years, range 28-63 years). All patients fulfilled 
criteria for VN in each occasion based on clinical diagnosis 
on prolonged vertigo, horizontal SUN, positive HIT and lack 

Fig. 4. Video-HIT performed using 
an ICS VOG system (GN Otomet-
rics, Taastrup, Denmark) showing 
reduced values of VOR gain for all 
left semicircular canals. Mean value 
for the VOR gain (eye velocity/head 
velocity) is reported for each canal. 
HIT: head impulse test, LL: left later-
al, RL: right lateral, LA: left anterior, 
RP: right posterior, LP: left posterior, 
RA: right anterior, VOR: vestibulo-oc-
ular reflex.
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of auditory system or CNS involvement [3,4]. In accordance 
with literature, the first manifestation appeared variable period 
(ranging from few days to four years) before involvement of 
the second ear [10-15] and recurrence was generally less 
symptomatic compared to the first episode [11,15]. Since ves-
tibular hypofunction can either restore or persist after VN 
[19,20], this different behavior may explain the different 
symptomatology reported by the same patient during each ep-
isode of VN. In fact, while in case of functional recovery 
from the first VN contralateral recurrence should result in the 
same severity of symptoms as the prior manifestation (as for 
Case 4 in our report), if vestibular loss persists at the time of 
the second event both labyrinths lack in function and gait atax-
ia, unsteadiness and oscillopsia should prevail (as for the other 
3 patients). BSVN can indeed account for a small percentage 
of cases with bilateral vestibular loss, condition generally asso-
ciated with ototoxic drugs, autoimmune inner ear diseases or 
bilateral Ménière’s disease [21]. All three patients from our 
report who did not restore vestibular function from the first 
episode developed spontaneous horizontal nystagmus beat-
ing towards this side during contralateral VN, despite persis-
tent vestibular hypofunction. This phenomenon was first de-
scribed by Bechterew after sequential disruption of both 
labyrinths in animal experiments, and it is thought to be due 
to the action of compensation mechanisms used by CNS after 
acute onset of vestibular asymmetry [22] rather than to residual 
vestibular activity on the side of the first event. 

The aetiology of VN is still a matter of debate. A viral gene-
sis is strongly suspected due to its pathological similarity to 
reported cases of herpes zoster oticus and frequent connec-
tions between VN and previous infections of the upper respi-
ratory tract. The superior division of the vestibular nerve, that 
innervates the SSC, the LSC and the utricle (i.e., superior lab-
yrinth), has demonstrated to be more frequently involved than 
the inferior branch collecting PSC and saccular afferents (in-
ferior labyrinth) [23]. Possible explanations to this selective 
vulnerability rely on the different anatomy of the bony chan-
nels of the vestibular nerves and on a selective tropism for vi-
ral agents that leads the superior division to be more suscep-
tible to injuries [23-25]. Another possible etiopathogenetic 
factor for VN is an ischemic damage in the labyrinth. In sup-
port of this assumption, a significantly higher prevalence of 
cardiovascular risk factors was found in patients with VN in 
comparison to the general population [26] and unilateral CP 
on calorics was detected in approximately half of patients with 
vertebrobasilar insufficiency [6]. Vascular damage in the inner 
ear could reflect either a more extensive deficiency in the pos-
terior fossa perfusion or a more selective alteration of the mi-
crocirculation in the peripheral receptor, generally lacking in 

collateralizations [6,7]. Based on anatomical studies, the an-
terior vestibular artery is the smallest terminal branch of the 
internal auditory artery and is equipped by little collateral cir-
culation [27], representing the most likely candidate site ac-
counting for isolated vertigo of vascular origin. As it supplies 
mostly the same structures innervated by the superior vestibu-
lar nerve [7,27], an ischemic damage at this level is hardly dis-
tinguishable from superior VN. In both cases, PSC and most 
saccular function is generally preserved. Given the multifocal 
ischemic leukoencephalopathy confirmed by MRI in Case 3, 
we hypothesized a selective sequential microischemia involv-
ing both anterior vestibular arteries to be the most likely mech-
anism accounting for BSVN in this patient. Conversely, imag-
ing showed a bilateral sequential neural involvement in Case 
2, confirming a bilateral VN in this case. In fact, Ramsay-Hunt 
syndrome is a well-known condition generally attributed to a 
reactivation of herpes zoster virus (HZV) at the geniculate 
ganglion, and it is characterized by severe ear pain, vesicular 
eruptions within the external auditory canal and peripheral VII 
CN paralysis. Other CN such as V, VIII, IX, XI, and XII 
could be involved. Connections between facial and vestibular 
nerves within the internal auditory canal can explain the asso-
ciation of VN with Ramsay-Hunt syndrome and other unex-
pected vestibular disturbances associated with facial paralysis 
[23,28]. For the other two patients in our report, neither histo-
ry nor imaging suggested certain or likely causes for BSVN.

In agreement with literature concerning VN [4,23,25], the 
majority of overall sequential acute episodes in our report doc-
umented a sure involvement of the superior vestibular nerve 
basing on video-HIT data. In one case a VN due to HZV reac-
tivation selectively spared the SSC afferents though involving 
both vestibular nerve divisions. Only in Case 3 utricular and 
saccular function were tested with ocular and cervical-VEMPs, 
respectively, confirming a selective functional preservation of 
the inferior vestibular nerve. Residual activity for both PSC 
could likely account for the slight pure up-beating nystagmus 
increased by skull vibration that was detected in this patient 
after the second VN. In fact, both SSC and LSC hypofunction 
likely resulted in an unopposed excitation of both PSC with 
mastoid vibration. The resulting symmetrical and selective 
activation of both active PSC could lead to the onset of a pure 
up-beating nystagmus [16].

Utricular injury and residual activity in the PSC represent 
the pathophysiological background for the so-called Lindsay-
Hemenway syndrome [5]. This condition accounts for PSC-
BPPV following a VN and it is thought to develop in case of 
superior VN where a utricular damage results in otoliths re-
lease into a functionally preserved PSC. Though originally 
attributed to an ischemic insult in the territory supplied by 
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the anterior vestibular artery [5], it has been also described in 
9.8-15.3% of VN, likely as a consequence of a direct macu-
lar damage or nerve deafferentation [11,15,18]. Two patients 
from our report developed BPPV following a VN (i.e., 25% 
of overall sequential acute episodes). In both cases, BPPV oc-
curred after the latest manifestation and more than one PRM 
was needed to treat positional vertigo, as reported in literature 
[15,18]. While in Case 1 aetiology could not be ascertained 
and both superior VN and labyrinthine infarction could be 
hypothesized, anterior vestibular artery ischemia could likely 
account for the clinical scenario in Case 3. It is interesting to 
notice that a mild functional impairment for the PSC could be 
found in both cases after successful PRM for BPPV. A reduc-
tion of VOR gain for the PSC may reflect a progression in lab-
yrinthine damage, either due to microvascular disease in small 
arterial branches supplying PSC or to posterior ampulla deaf-
ferentation. Since observing a PSC-BPPV after a VN implies 
a functional preservation of the PSC ampulla, it is possible to 
assume that, despite instrumental findings, ampullary func-
tion could be enough preserved to allow a severe canalolithia-
sis to occur. Alternatively, any selective lesion to irregular af-
ferents could hypothetically result in a dissociation between 
high- and low-frequency domains, impeding PSC to respond 
to high-frequency stimuli (video-HIT), whereas preserved reg-
ular fibers would allow the cupula to be stimulated by low-fre-
quency stimuli (free-floating otoconia) [29]. On the other hand, 
slightly reduced VOR-gain values with small covert saccades 
of the PSC (functionally coupled with contralateral affected 
SSC) in cases with selective involvement of superior vestibu-
lar nerve or superior labyrinthine ischemia are also in line with 
studies on contralesional canal activity following VN show-
ing, on average, mild impaired activity in the healthy side. In 
fact, abnormalities detected on contralesional PSC plots may 
be likely explained by severely reduced activity for injured 
SSC. It is still unclear whether peripheral phenomena (i.e., 
functional loss of the “push-pull” mechanism) or central com-
pensation (i.e., cerebellar “shut-down”) may account for these 
findings. Probably, whereas the first theory may explain re-
duced PSC VOR-gain in acute stage, the latter phenomenon 
may likely explain PSC abnormalities in those patients with 
long-lasting symptoms.

Nevertheless, according to our findings, BPPV seems to 
occur more frequently in BSVN than in isolated cases of VN 
(50% compared to 9.8-15.3%, respectively). These findings 
can reflect a tendency for inner ears of patient with BSVN to 
feature an extremely susceptible neural or vascular system.

In conclusion, we described four cases of BSVN and dis-
cussed the significance of our findings with respect to the lit-
erature review. Clinicians should keep in mind that both VN 

and labyrinthine ischemia can occur bilaterally in a sequen-
tial pattern, although rarely and in a small proportion of pa-
tients compared with unilateral VN. Brain imaging should 
always be given as it may help in the identification of specific 
causes for BSVN besides excluding CNS involvement. Vid-
eo-HIT and VEMPs represent a noninvasive test battery offer-
ing a comprehensive assessment of receptors and afferents in-
volvement. As they are rapid tools for vestibular testing, we 
suggest clinicians using them to follow the vestibular function 
of patients with unilateral VN or BSVN in order to evaluate 
functional recovery over time to predict possible recurrences 
or late onset of BPPV.
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