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Abstract

Background and Objectives: Vestibular syncope is a condition in which

vertigo-induced hemodynamic changes cause syncope. This study investigated

the clinical and laboratory findings of vestibular syncope and tried to refine our

knowledge of the mechanism underlying this newly recognized entity. Methods:

This study retrospectively analyzed 53 patients (33 women, median

age = 63 years [interquartile range = 54–71 years]) with vestibular syncope

from January 2017 to December 2021. To explain the mechanism of vestibular

syncope, we incorporated a velocity-storage model into the dual reflex pathways

comprising the vestibulo-sympathetic reflex and baroreflex and predicted the

cardiovascular responses. Results: Twenty (37.7%) patients had multiple epi-

sodes of vestibular syncope, and seven (13.2%) had potentially life-threatening

injuries. Meniere’s disease (20.8%) and benign paroxysmal positional vertigo

(9.4%) were the most common underlying vestibular disorders. Abnormal

vestibular function tests included impaired cervical vestibular-evoked myogenic

potentials (57.5%) and positive head impulse tests (31.0%). Orthostatic

hypotension was found in 19.5% of patients. Dyslipidemia (30.2%) and hyper-

tension (28.3%) were common medical comorbidities. The dual reflex pathways

incorporating the function of the velocity-storage circuit in the brainstem and

cerebellum suggest that vestibular syncope is a neurally mediated reflex syncope

associated with a sudden hemodynamic change during vertigo. This change can

be arterial hypertension triggered by a false downward inertial cue, as suggested

previously, or hypotension driven by a false upward inertial cue. Conclusions:

Vestibular syncope is associated with various vestibular disorders and requires

careful evaluation and intervention to prevent recurrent falls and significant

injuries.

Introduction

The vestibular system, together with the baroreflex path-

way, plays a substantial role in maintaining cardiovascular

homeostasis during motion.1,2 Neurons in the caudal part

of the vestibular nuclear complex, including the inferior

and medial vestibular nuclei, regulate sympathetic activity

through various connections with brainstem autonomic

nuclei.1–3 Given the stimulus characteristics (head

motion) and short-latency action of 100 to 200 msec, this

vestibular-driven reflex regulates autonomic activity in a

feed-forward manner.1–3 In contrast, the baroreflex system

operates with a feedback mechanism that controls the

autonomic activity.1–3

Recent research has introduced the concept of vestibu-

lar syncope, which refers to syncope as a result of a ver-

tigo spell. It mostly occurs during Meniere’s attacks and

is ascribed to erroneous otolithic information during the

spell, which may affect the cardiovascular system.3,4 In

our prior study, we considered vestibular syncope to be a

form of neurally mediated syncope and explained the

mechanism as an excessive increase in blood pressure
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attributed to dyssynergia of the vestibulo-sympathetic

reflex and baroreflex system, owing to non-physiologic

vestibular stimulation (vertigo attack).5 Accordingly,

vestibular syncope may occur in association with other

vestibular disorders, but its clinical features and relation-

ships with underlying disorders remain to be elucidated.

In the present study, we investigated the clinical char-

acteristics of vestibular syncope in terms of patients’

demographic findings, underlying vestibular disorders,

and the status of audio-vestibular function. In addition,

we refined the mechanism of vestibular syncope by add-

ing vertigo-induced hemodynamic changes other than

ictal hypertension.

Methods

Standard protocol approvals, registrations,
and patient consent

This is a case-series study based on a single hospital’s

medical records. The Institutional Review Board of Seoul

National University Bundang Hospital approved the study

and waived the requirement of consent for each individ-

ual (IRB number: B-2205-755-111).

Study population and evaluation

We analyzed 53 patients treated from January 2017 to

December 2021 who had reported one or more episodes of

syncope with a close temporal relationship with paroxysmal

vertigo attack and suffered from episodic or persistent

dizziness and imbalance before and after syncope. We did

not include patients with known cardiac dysfunction

reducing the cardiac output, seizures, or other degenerative

neurological disorders involving the autonomic system,

such as multiple system atrophy or spinocerebellar ataxia.

We adopted a multi-layered diagnostic method to

assess underlying vestibular disorders. The primary diag-

nosis was defined as the vestibular disorder that triggered

syncope, and the secondary diagnoses were vestibular dis-

orders associated with the primary disorder or related to

persistent dizziness before and after syncope attack. The

diagnoses of definite Meniere’s disease, vestibular parox-

ysmia, benign paroxysmal positional vertigo, vestibular

migraine, and persistent perceptual postural dizziness

were made according to the international classification of

vestibular disorders.6–10 However, cases of Meniere’s dis-

ease, vestibular paroxysmia, and vestibular migraine that

did not fulfill the definite criteria were classified as single

paroxysmal vertigo or recurrent episodic vertigo from

undetermined etiology.

For patients who were willing to undergo an evaluation

for dizziness, the laboratory audio-vestibular function tests

were evaluated selectively using three-dimensional (3D)

video-oculography, video head impulse tests (video-HITs),

cervical and ocular vestibular evoked myogenic potentials

(VEMPs), active orthostatic blood pressure, the tilt table

test, and pure tone audiometry. The protocols of 3D video-

oculography, video-HITs, and cervical and ocular VEMPs

have been presented elsewhere.11–14 For the active ortho-

static blood pressure test, we measured the baseline pres-

sure and heart rate in the supine position after a 3-min rest

and at 1, 3, and 5 min after standing up.15 Abnormalities

in the active blood pressure test and tilt table test were

defined as a drop in systolic and diastolic pressure of at

least 20 and 10 mmHg, respectively, and a heart rate

increase of more than 30 beats per minute.15

Mechanism based on the velocity-storage
model

To explain the vertigo-induced cardiovascular alterations

that eventually cause syncope, we integrated the velocity-

storage circuit into the dual reflex pathways (the baroreflex

and vestibulo-sympathetic reflex) controlling cardiovascu-

lar homeostasis.5 We then predicted the cardiovascular

responses associated with syncope by implementing an

inertial cue generated in the velocity-storage circuit during

vertigo attacks. The mechanism of vestibular syncope is

described in the Discussion section, and the details of our

model for velocity-storage circuit and dual neural reflex

mechanisms for cardiovascular homeostasis have been

reported in a previous study.5

Results

Features of vestibular syncope: learning
from a case

A 72-year-old man with hypertension and dyslipidemia

had constant dizziness and recurrent syncope. He

reported dizziness that had lasted for 10 years, initially

characterized by an intermittent floating sensation lasting

about 1 to 2 weeks per year but lasting all day long in

recent months. In addition, he reported an intense spin-

ning sensation lasting for 1–2 h at intervals of about

3 months, frequently resulting in rightward falls. Along

with dizziness, he had gradual left-side hearing loss and

tinnitus. The first instance of syncope occurred 9 months

ago, which was associated with spinning vertigo while get-

ting out of bed, resulting in a right clavicular fracture.

Four months later, he lost consciousness while walking

on a crosswalk, just after a sensation of falling for 2–
3 sec. Within a few seconds, he immediately regained

consciousness, but lost consciousness again shortly after

walking out of the crosswalk. After syncope, the floating
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and swaying sensation became stronger and continued all

day.

On a neurological examination, there was neither

spontaneous nor gaze-evoked nystagmus. Head-shaking

and positional maneuvers did not evoke abnormal eye

movement, and bedside horizontal head impulse tests

were normal. During the Romberg test, his body swayed

to the right. Limb coordination in both arms and legs

was normal. He had undergone repetitive Holter electro-

cardiography monitoring and transthoracic echocardiog-

raphy, as well as electroencephalography and brain

magnetic resonance imaging with cervicocranial artery

angiography. However, no causative condition provoking

persistent dizziness and syncope was identified. The

orthostatic blood pressure test showed a marginal sys-

tolic pressure drop, from 123 to 103 mmHg, but he did

not report any symptoms. In video-HITs, the gain

decreased to 0.57 and 0.58 in the left and right posterior

canals. The gains in other canals were normal, but there

were asynchronous small amplitude corrective saccades

in the horizontal canal video-HITs. Bithermal caloric

testing showed left side canal paresis of 77%. Cervical

VEMPs were normal, while ocular VEMPs were absent

bilaterally. Pure tone audiometry showed severe (65 dB)

left-side sensorineural hearing loss. The results of audio-

vestibular function tests are presented in Figure 1. With

a diagnosis of Meniere’s disease with vertigo-related syn-

cope, he continued to receive 12.5 mg of hydrochloroth-

iazide and 48 mg of betahistine per day. He had no

further syncope, recurrent vertigo spells, or falls during

2 years of follow-up.

Baseline characteristics

The findings of the 53 enrolled patients are summarized

in Table 1. The median age was 63 years (interquartile

range = 54–71 years), and 33 (62.3%) were women. Med-

ical comorbidities other than vestibular disorders were

found in about half of the patients (n = 27, 50.9%); the

most common comorbidity was dyslipidemia (30.2%),

followed in descending order by hypertension (28.3%)

and diabetes (13.2%). Medications that could possibly

affect the cardiovascular system were administered in 28

patients (52.8%), in the following order: beta-blockers

(26.4%), calcium-channel blockers (20.7%), diuretics

(16.9%), angiotensin II receptor antagonists (9.4%), and

alpha-blockers (5.6%). Twenty-seven (50.9%) and 23

(42.5%) patients underwent transthoracic echocardiogra-

phy and 24-h Holter electrocardiography monitoring,

respectively, but none of them had significant cardiac dis-

orders causing syncope such as mitral or aortic valve

stenosis, heart failure, sick sinus syndrome, and atrioven-

tricular tachyarrhythmia or conduction block.

Thirty-three (62.3%) patients had a single syncopal

attack, while the remaining 20 (37.7%) had multiple syn-

copal attacks. All patients had syncope within tens of sec-

onds after a vertigo attack. As a result of syncope, seven

(13.2%) patients had significant injuries, including three

with intracranial hemorrhage and one each of drowning-

induced aspiration pneumonia, femur neck fracture, clav-

icular fracture, and acromion fracture.

The primary diagnosis-triggered syncope was Meniere’s

disease in 11 (20.8%) patients, benign paroxysmal posi-

tional vertigo in five (9.4%), and vestibular paroxysmia,

vestibular schwannoma, labyrinthine concussion, and

inflammatory multiple cranial neuropathies in one each.

Of the remaining patients, 23 (43.4%) were symptomati-

cally diagnosed with recurrent episodic vertigo from an

undetermined etiology and 10 (18.9%) with single spon-

taneous vertigo from an undetermined etiology. As the

secondary diagnoses associated with the primary disorder,

30 (56.6%) patients met the criteria for persistent postu-

ral perceptual dizziness (PPPD). Two had Meniere’s dis-

ease, and one each had benign paroxysmal positional

vertigo and labyrinthine concussion.

Vestibular function and orthostatic blood
pressure tests

Of 42 patients who underwent video-HITs, four (9.5%)

had abnormal gain with large corrective saccades. Nine

(21.4%) had gains above the reference value (>0.8), but
there were covert corrective saccades during video-HITs,

suggesting the compensation of canal function from pre-

vious pathologies.16,17 In 40 patients with cervical VEMPs,

23 (57.5%) had abnormal findings: 15 with unilateral

abnormalities and eight with bilateral abnormalities. Four

(11.4%) of 35 patients had abnormal ocular VEMPs, of

which three were unilateral and one was bilateral. Overall,

87.8% patients had at least one abnormality on vestibular

function testing, and cervical VEMPs were the most fre-

quent abnormality. Of the 41 patients who underwent

orthostatic blood pressure testing, only eight (19.5%)

showed a significant pressure drop or heart rate increase.

The baseline and orthostatic blood pressures and pulse

rates are shown in Figure 2.

Discussion

In this study, we summarized the clinical features of

vestibular syncope. The main observation was that

patients with vestibular syncope had various vestibular

disorders. Many patients had abnormal vestibular func-

tion but not enough to account for specific vestibular dis-

orders. The orthostatic blood pressure test was abnormal

in some patients but was generally insensitive in revealing
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significant hemodynamic changes. In addition, a non-

negligible number of patients had significant syncope-

related injuries.

Previously, Meniere’s attacks were suggested to provoke

vestibular syncope by generating erroneous otolithic

information.3,4 However, in a recent study, we detailed a

theory proposing a mechanism wherein false downward

inertia estimated in the central vestibular system disturbs

the interaction of neural reflexes participating in

cardiovascular homeostasis; this phenomenon is referred

to as dyssynergia between the vestibulo-sympathetic reflex

and baroreflex.5 Moreover, the false downward inertia in

the central vestibular system was shown to arise from

false canal cues as well as false otolith cues.5 Through this

mechanism, vestibular syncope can develop during an

attack of any vestibular disorder. Indeed, our study

showed a broad spectrum of vestibular disorders, ranging

from Meniere’s disease to benign paroxysmal positional

vertigo and other disorders involving the vestibular sys-

tem. Furthermore, more than half of the patients (62.3%)

had single or multiple episodic vertigo attacks not satisfy-

ing the criteria for specific vestibular disorders. Therefore,

along with our previous proposal, our study suggests that

vestibular syncope should not be treated as an extraordi-

nary event confined to Meniere’s disease; instead, it could

be the main clinical presentation in diverse vestibular dis-

orders causing dysfunction of the canal, otolith, or both.

Interestingly, the proportion of patients with undeter-

mined etiology was non-negligible, possibly due to limita-

tions in evaluation at the interictal or postictal stage and

the study design only accepting a definite diagnosis. How-

ever, as revealed in patients with a definite diagnosis,

patients with undetermined etiology were likely to have

benign paroxysmal positional vertigo or early stage of

Meniere’s disease. Indeed, it has been known that otolith

dysfunction is frequently impaired in both disorders.18,19

The high frequency of abnormal VEMPs results in our

study could support this idea further. Though we

observed vestibular syncope in diverse vestibular disor-

ders, these findings may imply that the risk of syncope

during vertigo attack is not homogenous across vestibular

disorders but higher in vestibular disorders involving the

otolith.

In our observations, approximately 13% of patients

had serious complications related to vestibular syncope,

including intracranial hemorrhage, limb fracture, and

drowning. These complications can seriously impair qual-

ity of life and may even be life-threatening. Syncope

occurred multiple times in about 40% of patients, and

the risk of being injured is obviously increased among

those who experience multiple episodes of syncope. In

addition, unlike the neurally mediated (reflex) syncope

from other provoking conditions,20,21 30 of 53 patients

had a diagnosis of persistent postural perceptual dizziness

(PPPD). Though PPPD is a secondary condition

Table 1. Baseline characteristics and results of vestibular function

tests in enrolled patients.

Baseline characteristics (n = 53)

Age 63 (54–71)

Female 33 (62.3)

Diabetes 7 (13.2)

Hypertension 15 (28.3)

Dyslipidemia 16 (30.2)

Coronary heart disease 5 (9.4)

Stroke 6 (11.3)

Primary vestibular disorders (n = 53)

Meniere’s disease 11 (20.8)

Benign paroxysmal positional vertigo 5 (9.4)

Vestibular paroxysmia 1 (1.9)

Vestibular schwannoma 1 (1.9)

Labyrinthine concussion 1 (1.9)

Inflammatory multiple cranial neuropathy 1 (1.9)

Undetermined 33 (62.3)

Vestibular function tests

Abnormal video-HITs 13/42 (31.0)

Decreased gain with corrective saccades 4/42 (9.5)

Normal gain with corrective saccades 9/42 (21.5)

Abnormal cervical VEMPs 23/40 (57.5)

Unilateral abnormality 15/40 (37.5)

Bilateral abnormality 8/40 (20.0)

Abnormal ocular VEMPs 4/35 (11.4)

Unilateral abnormality 3/35 (8.6)

Bilateral abnormality 1/35 (2.8)

Overall abnormalities1 43/49 (87.8%)

Orthostatic blood pressure test (n = 41)

Abnormal pressure drops 8 (19.5)

Postural orthostatic tachycardia syndrome 0 (0.0)

Overall abnormalities 8 (19.5)

Values are median (with interquartile range) or number (with percent-

age, %).

HIT, head impulse test; VEMP, vestibular-evoked myogenic potential.
1Of 53 patients, four had not undergone vestibular function test so

the denominator is 49. Six were normal in all tested evaluations;

therefore, the numerator is 43.

Figure 1. Clinical findings of the illustrated case. (A) In video-head impulse tests, the gain (the ratio of total eye rotation in degrees to total head

rotation in degrees) is 0.57 and 0.58 in the left and right posterior canals, respectively. In addition, there are asynchronous small amplitude correc-

tive saccades during the horizontal and posterior canal head impulse tests. (B) Bithermal caloric test and pure tone audiometry show left side canal

paresis of 77% and severe left-side sensorineural hearing loss. (C) Cervical vestibular evoked myogenic potentials are normal, but ocular vestibular

evoked myogenic potentials are absent.
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associated with primary vestibular disorders that caused

syncope, this finding suggests that more than half of the

patients continued to suffer from persistent dizziness after

the syncope. These observations emphasize the need to

identify, evaluate, and manage patients with syncope

related to vestibular disorders, which may reduce paroxys-

mal vertigo attacks, control persistent dizziness, and pre-

vent further syncope and related injuries.

The question then arises of how we can diagnose

vestibular syncope in clinical practice? In our study, the

results of vestibular function testing showed that 87.8%

of patients had one or more abnormalities. In accordance

with the mechanism we proposed,5 otolith function sens-

ing linear acceleration upon the head was impaired in

more than half of the patients. Additionally, about one-

third of patients had impaired canal function. However,

these abnormalities are not able to characterize patients

with vestibular syncope because they are frequently pre-

sent in patients with vestibular disorders who do not have

syncopal attacks. The orthostatic blood pressure tests

seemed not to be sensitive for the diagnosis of vestibular

syncope, although there were a small number of patients

with significant hemodynamic changes. However paradox-

ically, these findings may reflect the characteristics of

vestibular syncope that occur related to paroxysmal ver-

tigo attack. In most paroxysmal neurologic disorders, the

attacks arise unpredictably, and the evaluation in the

interictal or resting stage has limited diagnostic sensitivity,

thereby warranting repetitive multimodal testing.22,23

Hence, as with other paroxysmal disorders, we suggest

that the diagnosis of vestibular syncope depends on a

detailed interview about syncope attacks and associated

vestibular symptoms. It is also essential to understand the

mechanism of vestibular syncope. To this end, we briefly

introduce here the mechanism of vestibular syncope,

which was refined to explain the hemodynamic changes

during vertigo attacks, including not only ictal hyperten-

sion but also hypotension linked to syncope.

As inferred from its name, the vestibulo-sympathetic

reflex senses gravitation and head motion in space and

Figure 2. Orthostatic blood pressure tests in patients with vestibular syncope. (A) Box plots (upper row) show the systolic and diastolic blood

pressures and pulse rate in the supine position and the lowest systolic and diastolic blood pressures and highest pulse rate during a 5-min ortho-

static test. (B) Bar plots (lower row) show the distribution of changes in systolic and diastolic pressures and pulse rate during a 5-min orthostatic

test. The vertical red dot lines in each plot indicate the boundary of reference values, and the purple-filled boxes represent the number of patients

with abnormal values. DBP, diastolic blood pressure; PR, pulse rate; SBP, systolic blood pressure.
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then mainly modulates sympathetic activity to counteract

the changes in fluid distribution within the body.1,2 When

the head moves upward (e.g., standing), the fluid is

momentarily shifted to the lower body and extremities,

leading to a decrease in cardiac preload and blood pres-

sure. In this circumstance, vestibular signals associated

with head motion increase the sympathetic outflow.

When the head moves downward (e.g., sitting), the fluid

is now momentarily pumped toward the upper body,

increasing the preload and blood pressure. Vestibular sig-

nals decrease sympathetic tone, thereby enabling the

resumption of a normotensive state.1,2 This vestibulo-

sympathetic reflex is fast but imprecise, as it is an antece-

dent autonomic response implemented through a feed-

forward open-loop system.24,25 Therefore, even in normal

conditions, the complementary role of the baroreflex is

essential (Fig. 3A).24,25 However, the vestibular signal

during vertigo (i.e., the false motion cue) does not reflect

the actual head motion and fluid change within the body,

and the outcome of the vestibulo-sympathetic reflex

would be inappropriate.5 For instance, with the develop-

ment of false downward inertia, increased sympathetic

activity would cause hypertension. When excessive, the

ensuing baroreflex causes parasympathetic hyperactivity,

which in turn can cause significant hypotension and syn-

cope. Along with arterial hypertension, as we suggested

previously, sudden hypotension may occur. When false

upward inertia develops, the sympathetic activity

decreases, which in turn leads to hypotension and syn-

cope in conditions without a prompt reduction of the

baroreflex tone.5 Based on this neural mechanism, several

predisposing factors such as neurologic, cardiac, or renal

disorders, antihypertensive medications, and nutritional

conditions determine the vulnerability to syncope during

vertigo attacks in patients with vestibular disorders

(Fig. 3A). Vertigo-induced nausea and vomiting, another

consequence of the vestibular-autonomous interaction,

may also promote syncope by increasing parasympathetic

outflow, either by itself or through activation of the

baroreflex.

Last, the role of the central vestibular system should be

noted. The cerebellar nodulus/uvula forms a neural circuit

with the bilateral vestibular nuclei, named the velocity-

storage circuit,26–28 which is engaged in refining the rota-

tional cue from an inaccurate canal signal and sorting the

gravitoinertial acceleration relayed from the otolith into

constant gravitational and transient inertial accelera-

tions.29,30 To ensure the proper vestibulo-sympathetic

reflex, an accurate estimation of gravitational and inertial

accelerations is essential, which depends on the functional

fidelity of the velocity-storage circuit as well as the periph-

eral vestibular system. The involvement of the velocity-

storage circuit is supported by the velocity-storage model,

in which a false downward inertia cue can arise when a

false rotational cue not aligning to the gravity axis develops

(Fig. 3B). This situation easily occurs in patients with

benign paroxysmal positional vertigo,31 rotational

Meniere’s attack,32 or inferior vestibular neuritis.33 Hence,

along with the previous report, our observations of five

patients with vestibular syncope during benign paroxysmal

positional vertigo attacks may solidify the role of the

velocity-storage circuit in generating the vestibulo-

sympathetic reflex. In addition, the mechanism we suggest

here would be partly able to explain orthostatic hypoten-

sion or hypertension in patients with neurological disor-

ders involving the cerebellum and brainstem, such as

multisystem atrophy and parkinsonism,34–37 in which

inappropriate inertia estimation by the velocity-storage cir-

cuit would cause incongruity of the dual reflex mechanism.

This study has several limitations. First, a retrospective

study from a single institution is inherently subject to

selection bias. Second, the prevalence of vestibular syn-

cope was unavailable in this study, although previous

studies have reported a prevalence of 4% in patients with

Meniere’s disease.3 In addition, it is difficult to com-

pletely exclude other possible causes of syncope since the

evaluations were not homogeneous and were incomplete

for some patients. Third, this study had limitations in

revealing orthostatic hypotension, especially within the

initial 30 sec, because beat-to-beat pressure monitoring

was not adopted during the orthostatic blood pressure

test. Therefore, the relationship between vestibular syn-

cope and initial orthostatic hypotension should be eluci-

dated in further studies. Nevertheless, a strength is that

this is the first study to investigate vestibular syncope in

various vestibular conditions with objective data from

vestibular function tests.

In conclusion, we found that vestibular syncope can

develop in patients with various vestibular disorders. Syn-

cope in the setting of vertigo attacks requires careful eval-

uation as managing underlying vestibular disorders can

alleviate vertigo and dizziness and may prevent further

syncope. Given its paroxysmal nature and the absence of

standard diagnostic tests, the diagnosis of vestibular syn-

cope is primarily based on an interview about the context

in which the syncope occurred. In addition, it would be

helpful to understand the role of the velocity-storage cir-

cuit and vestibulo-sympathetic reflex in maintaining car-

diovascular homeostasis. A study with a larger number of

patients and a more detailed design would be required to

assess vestibular syncope.
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