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Abstract

Background: No studies to date have attempted to evaluate frontotemporal lobar degen-
eration from the perspective of the vestibular system. Objective: The present study examined
vestibular function in patients with frontotemporal dementia (FTD) clinical syndrome and
evaluated whether vestibular disorders are involved in the clinical symptoms due to FTD.
Methods: Fourteen patients with FTD syndrome, as well as healthy elderly controls without
dementia, were included in the present study. All subjects underwent vestibular function tests
using electronystagmography, such as caloric tests and visual suppression (VS) tests, in which
the induced caloric nystagmus was suppressed by visual stimuli. The association between
clinical symptoms and vestibular function in the FTD syndrome group was further examined.
Results: In the FTD syndrome group, caloric nystagmus was not necessarily suppressed dur-
ing VS tests. Furthermore, VS was observed to be significantly impaired in FTD syndrome pa-
tients with gait disturbance as compared to those without such disturbance. Conclusion: The
present study revealed that impairment of VS in patients with FTD results in an inability to
regulate vestibular function by means of visual perception, regardless of multiple presumed
neuropathological backgrounds. This could also be associated with gait disturbance in pa-

tients with FTD syndrome. © 2016 The Author(s)
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Kiyotaka Nakamagoe

University of Tsukuba

Tennodai 1-1-1

Tsukuba, Ibaraki 305-8575 (Japan)
E-Mail nakamagoek @ md.tsukuba.ac.jp

KARGER



Dement Geriatr Cogn Disord Extra 2016;6:194-204

Dementla DO 10.1159/000445870 © 2016 The Author(s). Published by S. Karger AG, Basel
(a:nd Geriatric www.karger.com/dee
ognitive Disorders
Nakamagoe et al.: Vestibular Impairment in Frontotemporal Dementia Syndrome
Introduction

Ithaslongbeen believed that the cerebellum uses neural circuits in the vestibular system
to process visual inputinformation from the eye and then regulates the brain stem vestibular
nucleus. However, several studies have contended that the cerebral cortex may be a key
player in the neural circuits in the vestibular system [1-5]. Previous animal experiments
have demonstrated that multiple vestibular cortex areas are scattered over the parietal and
temporal lobes [6-12]. In addition, previous studies that used functional magnetic reso-
nance imaging and positron emission tomography to investigate vestibular afferent pathways
by means of vestibular stimulation have shown that the vestibular cortex area also seems to
be present in the human brain [1, 2, 4]. In addition, experiments on monkeys have demon-
strated not only that the vestibular cortex receives projections from the afferent fibers orig-
inating from the vestibular nuclei on both sides, but also that efferent fibers originating from
the vestibular cortex directly project to the vestibular nuclei [13, 14]. Other studies have
suggested that the frontal and temporal lobe regions (including the frontal eye field, the
temporal pole, the inferior temporal gyrus, and the fusiform gyrus) and the medial parieto-
occipital visual area may exert an inhibitory effect on the vestibular cortex via visual infor-
mation [1, 2, 4]. A negative correlation is seen between activation of the visual cortical
regions and activation of the vestibular cortex [1, 2, 4].

We previously reported that Alzheimer’s disease-related pathology in the cerebral
cortex can cause impairment of vestibular function which, in turn, leads to impaired visual
control [5]. Taking into account the above-mentioned findings, the present study proposes
a hypothesis about a system in which the cerebral cortex uses visual information to control
vestibular neural circuits in Alzheimer’s disease patients. We examined whether this hy-
pothesis holds true for frontotemporal dementia (FTD) syndrome patients while no lesion
was found in the cerebellum.

FTD syndrome is a clinical diagnosis and a disease characterized by symptoms that
include lack of consciousness of the disease, disinhibition, character changes, dysphasia, and
unsocial behavior [15-17]. FTD syndrome contrasts clinically with Alzheimer’s disease; as a
clinical concept, it refers to a syndrome of non-Alzheimer degeneration presenting atrophy
and functional disorder mainly of the frontal and temporal lobes. Among patients with
dementia, the prevalence of frontotemporal lobar degeneration ranks after that of Alzhei-
mer’s disease and Lewy body disease. Among those aged 65 years and younger, its preva-
lence is known to be on a par with that of Alzheimer’s disease [18].

Many studies of eye movements focus on saccade disorders; these movements have
been shown to be a result of frontal lobe disorders, such as frontal eye field disorder [19-22].
The frontal eye field is a region of major lesion in FTD syndrome. On the other hand, no
studies to date have attempted to evaluate FTD syndrome from the perspective of the
vestibular system.

Vestibular stimulation was used in patients with lesions involving mainly the cerebral
cortex to examine how such stimulation may affect the visual suppression (VS) of vestibular
nystagmus. This allowed us to disregard the possible effects of cerebellar deficits, thus clar-
ifying the mechanism through which the cerebral cortex controls the vestibular neural
circuits.

The aim of this study was to determine whether vestibular impairmentis presentin FTD
clinical syndrome and, if it is present, to examine its relationship to clinical symptoms.
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Subjects and Methods

Subjects

The study subjects were 14 FTD syndrome patients (6 men, 8 women, age 67.9 + 5.7
years). Patients in the FTD group were diagnosed in accordance with the Lund-Manchester
criteria [23].

The FTD group was compared to a control group comprising 14 elderly people without
dementia (6 men, 8 women, age 69.2 * 2.8 years). Healthy voluntary subjects were recruited
and given an interview and a medical examination; the control group was formed from those
who scored 24 or higher on the Mini-Mental State Examination (MMSE) [24]. The control
subjects were examined neurologically to confirm the absence of limb muscle weakness,
extrapyramidal symptoms, deep sensibility disturbances or other sensory disorders, and
cerebellar ataxia or other neurological abnormalities.

All subjects were given otolaryngological examinations. Subjects with disease of the
outer or middle ear were excluded from the study, as were subjects who were taking drugs
that influence vestibular function. Informed consent was obtained from all subjects in accor-
dance with the rules of the ethics committee of the University of Tsukuba Hospital.

There was no significant difference in mean age between the FTD group and the control
group (p = 0.43, Mann-Whitney U test).

Evaluation of Clinical Symptoms

The following clinical symptoms were evaluated by neurological examination: (1) frontal
lobe manifestations, (2) upward or downward gaze palsy, (3) motor neuron disorder, (4)
cerebellar ataxia, (5) parkinsonism, (6) gait disturbance (10-meter gait), and (7) inability to
walk (1-meter gait). We defined gait disturbance (10-meter gait) as the inability to walk
continuously for 10 m or more unaided. We defined inability to walk as the inability to walk
continuously for 1 m or more unaided. The tests for gait disturbance and inability to walk
were carried out according to the 10-meter walking test and the 1-meter walking test, respec-
tively.

Equilibrium Function Test

The caloric test is an effective test of vestibular function. The vestibular semicircular
canals are sensitive to acceleratory stimulation due to rotation of the head, which causes a
flow in the endolymph. A caloric stimulus can also cause a convective flow in the endolymph
due to a difference in temperature; this stimulates the sensory hair cells, causing nystagmus.
The caloric test is a vestibular stimulation test in which a flow in the endolymph is purposely
provoked by irrigating air or water at a temperature different from that of the body into the
external auditory canal. This induces nystagmus, allowing the reaction of the vestibular
system’s neural pathways to be seen. Nystagmus induced in this way is called caloric nys-
tagmus, while the suppression of caloric nystagmus due to visual fixation is called visual
suppression. VS impairment is known to be caused by disorders not only of the cerebellum
and brainstem, but also of the cerebral cortex [25-27]. The level of VS is measured as an equi-
librium function test, which is helpful in diagnosing central nervous system disorders.

Eye movement was recorded by attaching electrodes in horizontal and vertical directions
to the eyelid. The original waveform (time constant = 3 s) and velocity waveform (time
constant = 0.03 s) of eye movements in each direction were recorded using an electronystag-
mograph and a data collection and analysis device with a sampling frequency of 1 kHz
(PowerLab; ADInstruments Pty. Ltd., Castle Hill, Australia).

The caloric test was carried out with the subject in the supine position with the head
raised 30° and wearing goggles fitted with an infrared camera (First, Tokyo, Japan). During
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the test, the open or shut status of the eyes was monitored visually, and the electronystag-
mogram was recorded. The caloric stimulus to induce nystagmus was delivered by irrigating
with cool air at 24°C for 1 min from the external auditory canal to the eardrum, using an air
caloric device (First). Forty seconds after the end of the stimulus, the VS test was carried out
with visual fixation by gazing at a target for 10 s. The nystagmus induced was analyzed, and
the parameters of frequency, amplitude (slow and quick phase), and mean velocity (slow and
quick phase) were investigated. Mean values of each parameter were calculated for the 10 s
before the VS test and the 10 s during the VS test; these were separated into before the VS test
and during the VS test for analysis.

The suppression rate (SR) of slow-phase velocity during the VS test was expressed as a
percentage using the following equation: SR =100 x (VbVS - VdVS) / (VbVS), where VbVS is
the slow-phase velocity before the VS test and VdVS is the slow-phase velocity during the VS
test. The SR for each subject was calculated using this equation; the mean SR value for each
group was subsequently calculated.

The velocity of the slow phase is normally lower during the VS test than before the VS
test. The SR is usually a positive value; however, where the slow-phase velocity was greater
during the VS test than before the VS test, regarding an increase in caloric nystagmus, the SR
value was negative.

Evaluation of Brain Lesions Using Cerebral Blood Flow Single-Photon Emission Computed

Tomography Tests

123.IMP single-photon emission computed tomography (SPECT) brain imaging was
carried out to evaluate cerebral function as a diagnostic aid in the FTD group. Tomographic
statistical analysis (issp5/isspTomo; Nihon Medi-Physics Co., Ltd., Tokyo, Japan) was performed
on the SPECT images, and Z score images were evaluated by comparing them with the normal
database of the University of Tsukuba [28]. The database of the University of Tsukuba com-
prises 23 cases aged 66-79 years. A Z score >2.0 was judged to be a significant difference.

A statistical image analysis of the cerebral blood flow SPECT was used to investigate the
reduction in blood flow in the frontotemporal lobes, but not the cerebellum, in the FTD
syndrome group.

Statistical Analysis

The data obtained were tested statistically with the Mann-Whitney U test, using statistics
software (IBM SPSS Statistics base software; IBM, New York, N.Y., USA). The level for a statis-
tically significant difference was 5%.

Results

Clinical Symptoms of Subjects with FTD Syndrome

The clinical characteristics of the FTD syndrome patients are compiled in table 1. The
mean age at onset was 64.8 + 7.1 years, and the mean disease duration was 3.4 + 2.9 years. In
the FTD group, the mean MMSE score was 21.9 # 5.0, and the mean Frontal Assessment
Battery [29] score was 8.8 + 3.6. MMSE and Frontal Assessment Battery scores were both
significantly lower in the FTD group than in the healthy control group (p < 0.05, Mann-
Whitney U test) (table 1).

The most common symptom was character change, which was present in all 14 cases,
while perseveration was found in 10 cases, non-fluent aphasia in 2 cases, vertical gaze palsy
in 8 cases, upper motor neuron disorder in 4 cases, lower motor neuron disorder in 5 cases,
and parkinsonism in 10 cases.

KARGER

197



ik BB Dement Geriatr Cogn Disord Extra 2016;6:194-204 198

and Geriatric
Cognitive Disorders

DOI: 10.1159/000445870 © 2016 The Author(s). Published by S. Karger AG, Basel

www.karger.com/dee

Nakamagoe et al.: Vestibular Impairment in Frontotemporal Dementia Syndrome

Table 1. Clinical characteristics of the two groups

FTD syndrome Control p value
(n=14) (n=14)

Age, years 67.9£5.7 69.2+2.8 0.434
Males/females 6/8 6/8 -
MMSE 21.9%5.0 28.6x1.2 0.0000007**
Frontal Assessment Battery 8.8+3.6 159+1.3 0.0000007**
Age at onset, years 64.8+7.1 - -
Years affected 3.4+29 - -
Clinical symptoms

Perseveration 10 (71.4) - -

Non-fluent aphasia 2(14.3) - -

Vertical gaze palsy 8(57.1) - -

Upper motor neuron disorder 4(33.3) - -

Lower motor neuron disorder 5(35.7) - -

Cerebellar ataxia 0(0) - -

Parkinsonism 10 (71.4) - -

Gait disturbance (10-meter gait) 3(21.4) - -

Inability to walk (1-meter gait) 6 (42.9) - -
Decreased blood flow in the frontotemporal lobe 14 (100.0) - -
Decreased blood flow in the inferior parietal lobule 4 (28.6) - -
Decreased blood flow in the cerebellum 0(0) - -

Figures are presented as means * standard deviations, n/n or n (%).
**ntergroup comparison with the control group (p < 0.01, Mann-Whitney U test).
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Fig. 1. Examples of caloric tests. Results of stimulation of the left ear with cool air at 24°C are presented. The
upper panel shows horizontal eye movement, the lower panel shows velocity. Arrowheads indicate calcu-
lated SR values of 78% (a; a healthy 74-year-old male subject) and 38% (b; a 68-year-old FTD syndrome

subject).
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Table 2. Caloric nystagmus test

FTD syndrome Control p value
(28 ears) (28 ears)
Pre-VS test
Amplitude, degrees
Quick phase 3.1+1.7 5.5+1.6 0.000002**
Slow phase 3.3+1.8 5.6x1.7 0.00001**
Velocity, degrees/s
Quick phase 59.4+21.5 82.1+£17.3 0.00008**
Slow phase 12.4+7.2 15.2+3.7 0.076
Nystagmus frequency, /s 3.0+1.1 2.5+0.7 0.063
VS test
Amplitude, degrees
Quick phase 3.2+1.8 1.9+0.6 0.0004**
Slow phase 4.0+2.0 2.3+0.8 0.0002**
Velocity, degrees/s
Quick phase 65.5+24.9 45.6+9.0 0.0002**
Slow phase 11.4+8.9 5.7+2.6 0.002**
Nystagmus frequency, /s 2.4%13 2.1+0.9 0.310
SR, % 4.8+46.0 63.1£12.2 0.00000003**

Figures are presented as means * standard deviations.
**p < 0.01 as compared to healthy controls; Mann-Whitney U test.

FTD may be broadly classified into three subtypes: behavioral variant FTD, progressive
non-fluent aphasia, and semantic dementia [15, 16]. There are also non-typical cases that do
not correspond to any of these clinical forms. In the present study, there were 12 cases of
behavioral variant FTD and 2 cases of progressive non-fluent aphasia; none of the subjects
had semantic dementia.

Caloric Test Results for Each Group

Caloric tests were carried out on 14 people (28 ears) in the FTD group and on 14 people
(28 ears) in the control group (fig. 1). Before the VS test, quick-phase amplitude, slow-phase
amplitude, and quick-phase velocity were significantly lower in the FTD group than in the
control group. During the VS test, both the amplitude and the velocity of the quick and slow
phases were significantly higher in the FTD group than in the control group (table 2). The
mean SR value was significantly lower in the FTD group than in the control group. Addi-
tionally, findings of increased nystagmus were present during the VS test in more than half
(57.1%) of the subjects.

Relationship of Subjective Symptoms with SR in the FTD Group

The mean SR values of patients in the FTD group with different clinical symptoms were
compared (table 3). The SR value was significantly lower in patients with perseveration,
patients with gait disturbance, and patients unable to walk. The SR showed no relationship
with non-fluent aphasia, vertical gaze palsy, upper motor neuron disorder, lower motor
neuron disorder, or parkinsonism.
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Table 3. Relationship of the SR to neurological signs in the FTD group (n = 14)

Clinical symptoms SR, % p value
FTD syndrome with FTD syndrome without
neurological signs neurological signs

Perseveration 17.4+32.0 (10/14) -22.3+22.2 (4/14) 0.029*

Non-fluent aphasia -8.4+23.3(2/14) 8.4+35.9 (12/14) 0.482

Vertical gaze palsy 2.2+¥29.2 (8/14) 11.2+42.4 (6/14) 0.667

Upper motor neuron disorder 10.1+£38.7 (4/14) 4.4+34.4(10/14) 0.809

Lower motor neuron disorder -5.1+36.1 (5/14) 12.2+33.6 (9/14) 0.406

Parkinsonism 14.8+28.5 (10/14) -16.0£41.7 (4/14) 0.244

Gait disturbance (10-meter gait) -41.0+10.6 (3/14) 18.9+£25.6 (11/14) 0.0002**

Inability to walk (1-meter gait) -15.3+32.8 (6/14) 22.0+26.9 (8/14) 0.048*

Figures are presented as means * standard deviations, with number of patients in parentheses.

* Intergroup comparison based on the presence or absence of signs and symptoms (p < 0.05, Mann-
Whitney U test). ** Intergroup comparison based on the presence or absence of signs and symptoms (p < 0.01,
Mann-Whitney U test).

Discussion

Although FTD syndrome has various clinical symptoms with multiple presumed neuro-
pathological backgrounds, a large number of cases with FTD syndrome had impaired ability
to suppress caloric nystagmus by visual fixation. Furthermore, VS impairment showed a
significant relationship to the inability to walk in FTD syndrome. Based on the previous
findings as outlined above, the mechanism through which VS impairment appears in cortical
dysfunction was speculated to be as presented in figure 2 [1, 2, 4, 5, 30, 31].

Figure 2a shows hypothesized vestibulo-ocular reflex neural pathways after stimulation
of the horizontal semicircular canal in healthy individuals. Stimulation of the horizontal semi-
circular canal by cold air causes the inhibitory neurons in the vestibular nucleus to decrease
their inhibition of activity in the abducens nucleus (IV). On the other hand, the activity of the
oculomotor nucleus (III) ipsilateral to the vestibular-stimulated side does not change. As a
result, only the tonus of the abductor muscles increases, which causes them to contract, thus
producing the slow phase of caloric nystagmus.

Figure 2b shows the hypothesized route of VS in healthy individuals. During a VS test,
vision-related regions, including the cerebellum and the frontal eye field in the cerebral
cortex, receive visual stimulation. Floccular Purkinje cells contralateral to the vestibular-
stimulated side are activated by visual stimulation, exerting an increased inhibitory effect on
the inhibitory neurons in the vestibular nucleus. As a result, inhibitory neuronal activity in
the vestibular nucleus becomes disrupted, exerting less of an inhibitory effect on the excit-
atory neurons in the abducens nucleus contralateral to the vestibular-stimulated side (IV).
Therefore, the excitatory neurons in the abducens nucleus contralateral to the vestibular-
stimulated side (IV) become activated, exerting a greater excitatory effect on the extraocular
motor nuclei on the vestibular-stimulated side (I11), which increases the tonus of the adductor
muscles on the vestibular-stimulated side. Based on previous clinical findings for lesions on
the inferior parietal lobule [5, 26], it can be assumed that visual stimulation might cause the
vestibular cortex to exert an excitatory effect on the inhibitory neurons in the vestibular
nucleus ipsilateral to the vestibular-stimulated side. The inhibitory neurons in the vestibular
nucleus are therefore activated, exerting a greater inhibitory effect on the extraocular motor
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Fig. 2. Hypothesized mechanism of the disorder of VS in FTD syndrome. a Vestibulo-ocular reflex neural
pathways after stimulation of the horizontal semicircular canal in healthy individuals. b Hypothesized route
of VS in healthy individuals. ¢ Hypothesized mechanism of VS disorder in FTD syndrome. III = Oculomotor
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nuclei ipsilateral to the vestibular-stimulated side (IV) and potentially decreasing the tonus
of the abductor muscles on the stimulated side. In view of the information cited above, when
compared with figure 2a, it is evident that the decreased tonus of the abductor muscles
derived from regulatory functions performed by the cerebrum and the decreased tonus of the
adductor muscles derived from regulatory functions performed by the cerebellum lead to a
reduced difference between the tonus of the abductor and adductor muscles. This, in turn,
potentially decreases the slow-phase velocity of caloric nystagmus, thus inhibiting vestibular
nystagmus. This phenomenon is called visual suppression.

Based on previous clinical findings [5, 26], we speculate that damage to both the visual
cortical regions and vestibular cortex might induce VS impairment of caloric nystagmus in
FTD patients. FTD patients could have not only frontotemporal lesions but also parietal
lesions, such as in the inferior parietal lobule [32-34]. About 30% of FTD patients had
decreased blood flow in the inferior parietal lobule in the present study. There is no report
that only frontal lobe lesions induce impaired ability to suppress caloric nystagmus by visual
fixation. On the other hand, frontal lobe lesions combined with parietal lobe lesions, such as
in the inferior parietal lobule, could induce VS impairment [26].

Figure 2c shows the hypothesized mechanism of VS impairment in FTD syndrome. In
FTD syndrome patients, degeneration affects not only visual cortical regions, such as the fron-
tal eye field, but also the vestibular cortex, such as the inferior parietal lobule. As a result,
the inhibitory neurons in the vestibular nucleus ipsilateral to the vestibular-stimulated side
receive less excitatory input from the vestibular cortex. Based on previous clinical findings
[5,26], we speculate that the interaction between the visual cortical regions and the vestibular
cortex is important for the control of the vestibular nucleus in the brainstem. When comparing
with figure 2b, it is evident that the inhibitory neurons in the vestibular nucleus inhibit the
extraocular motor nuclei less ipsilaterally to the vestibular-stimulated side (IV). This, in turn,
activates the neurons in the extraocular motor nuclei (IV), which leads to increased tonus of
the abductor muscles on the vestibular-stimulated side. As a consequence, the difference in
muscle tonus between the abductor and adductor increases, causing the slow-phase velocity
of caloric nystagmus to increase during a VS test. Inhibition of the slow phase is therefore
disrupted, leading to the onset of impaired VS.

The slow phase of caloric nystagmus is eye movement that occurs as a result of the vestib-
ulo-ocular reflex. If the activity of the vestibular semicircular canals on one side caused by calo-
ric stimulus of the labyrinth is greater than the activity on the opposite side, there is a slow eye
movement toward the opposite side; this corresponds to the slow phase of caloric nystagmus.
The shortest pathway of the vestibulo-ocular reflex is a three-neuron reflex arc comprising the
vestibular nerve, vestibular nucleus neurons, and extraocular motor neurons. As no disorder of
slow-phase velocity was found in the FTD group in this study, it may be surmised that the
function of the reflex arc of the vestibulo-ocular reflex is relatively preserved in FTD syndrome.

Based on previous reports [5, 25-27], SR and slow-phase velocity are thought to be
important caloric vestibular parameters. On the other hand, we think that the other param-
eters, such as velocity of quick phase and amplitude, are not important in the present study,
which attempted to evaluate vestibular impairment due to cortical dysfunction.

The limitations of the present study are as follows. First, the number of cases studied was
extremely small. Second, it is difficult to judge the effects of vestibular disorder on gait distur-
bance in FTD syndrome. Factors other than vestibular disorder, such as muscle weakness and
parkinsonism, have complex effects and can easily cause bias. Third, we were unable to use a
neuropathological approach to FTD syndrome, such as FTLD-tau, FTLD-TDP43 (TAR DNA-
binding protein of 43 kDa), and FUS (fusion in sarcoma/translated in liposarcoma) [35]. To
clarify the clinical significance and mechanisms of vestibular disorder in FTD syndrome, future
studies are needed with larger sample sizes that, as far as possible, can be examined without bias.
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Conclusion

The findings of our present study are consistent with the hypothesis that the cerebral
cortex uses visual perception to regulate vestibular function through efferent pathways. The
regulation of vestibular neural circuits by means of visual input was observed to be impaired
in patients with FTD syndrome. The resultant vestibular balance disorder may, thus, be one
factor causing gait disorders. A vestibular balance disorder in patients with FTD syndrome is
aserious problem that can lead to decreased quality of life. Elucidating the series of pathways
originating from the cerebral cortex that are involved in the regulation of vestibular function
can, therefore, provide useful insights into the clinical management of patients with FTD
syndrome.
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