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Figure 2. Spike density histogram of ampullary nerve compound action potential (CAP). Note the short duration of the response.

Morphological changes of the cupula

Various changes of the cupula were observed, includ-
ing shrinkage, deformity, and volume enlargement,
which are somewhat different from the changes that
have been reportedly observed due to GM intoxica-
tion. Mild change (grade I) was represented by shrink-
age from the margin, which is identical to that due to
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GM intoxication (Figure 4). Grade I and II changes of
the cupula were observed in 46 SCs (57.5%) and
4 SCs (5.0%), respectively, in a total of 80 SCs. Grade
I and II changes were observed in 62.5% of a total
number of 80 SCs (Table I). Grade III and IV
changes were observed in 7 SCs (8.8%) and
18 SCs (22.5%), respectively. Grade III and IV
changes were observed in 31.3% of a total of
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Figure 3. Findings of the inner ear at the site of puncture show bleeding in the labyrinth (top), dislodged saccular otoconia (left, below), and

coagulated mass attached to the cupula (right, below).

RIGHTS LM K

—215—




Acta Otolaryngol Downloaded from informahealthcare.com by Tokyo Ika Daigaku on 02/19/14

For personal use only.

Grade |

Grade Il

Figure 4. Changes in the anterior semicircular canal cupula: grade I
change (left) and grade II change (right). The arrow indicates a
slight indentation in the cupular margin.

80 SCs. Other noteworthy findings included marked
deformity and enlarged volume of the cupula. Figure 5
shows examples of the enlarged and elongated cupu-
lae observed in the LC. Occasionally, the cupula
transformed into soft and amorphous structures
(Figure 5). These aberrantly shaped cupulae were
observed in 5 of the 80 SCs (6.3%).

Cupular changes were evaluated separately in the
short-term and long-term groups. Grade I-II changes
were observed in 24 of 32 SCs (75.0%) in the short-
term group and in 26 of 48 SCs (54.2%) in the long-
term group. Grade III-IV changes were observed in
7 of 32 SCs (21.9%) in the short-term group and
in 18 of 48 SCs (37.5%) in the long-term group
(Table I). In the long-term group, the cupular
changes tended to be severe. A cupula with aberrant
morphology was observed in 1 0of 32 SCs (3.1%) in the
short-term group and in 4 of 48 SCs (8.3%) in the
long-term group (Table I).

CAP results

The average maximum spike counts of 8 normal PCs
after removal of the cupula were 209.6 + 24.8 spikes/s.

Table I. Degrees of cupular change in the short-term and long-
term groups.

Short-term Long-term
group group Total

Grade n % n % n %
I 21 65.6 25 52.1 46 57.5
II 3 9.4 1 2.1 4 5.0
III 2 6.3 5 10.4 7 8.8
v 5 15.6 13 27.1 18 22.5
Aberrant shape 1 3.1 4 8.3 5 6.3
Total 32 48 80
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CAP was measured in 28 SCs in the long-term group.
Among 28 SCs, the measurement site was the LC
in 10, AC in 9, and PC in 9. A CAP with a maxi-
mum spike count of more than 100 spikes/s was
recorded in 20 of 28 SCs (71.4%) in this group.
The average maximum spike counts ranged from
100.4 spikes/s to 250.2 spikes/s, with an average of
188.3 =+ 44.1 spikes/s, which was not significantly
different from that of the normal PC. As shown
in Figure 2, the duration of CAP in the SCs without
a cupula was extremely short, compared with that of
CAP in the normal SCs with a cupula [4], because the
sensory cilia that are deviated by the endolymphatic
flow quickly swing back without being held by the
cupula.

The morphological changes in the cupula were
compared with the CAP results. CAP was obtained
in 14 of 16 SCs (87.5%) in those showing grade 1
change. CAP was obtained in 5 of 10 SCs (50.0%) in
those showing grades III-IV change (Table II). The
overall CAP positivity rate was 71.4%. This indicates
that the physiological activity of the sensory epithelia
can be maintained, even when the cupula is severely
damaged.

Discussion

Most benign paroxysmal positional vertigo (BPPV)
cases have a good prognosis, but some cases are still
refractory. SC plugging is considered to be effective for
the control of refractory BPPV [7]. However, in a case
previously reported by one of the authors, plugging was
not effective. A morphological change in the SC,
particularly in the cupula, was suspected to be the
cause. This prompted our studies of the cupula mor-
phology. In the most recent experiment, the cupula
shrank from either the top part or the margin after GM
injection into the perilymphatic space [6]. Cupula
shrinkage left a space between the cupula margin
and the ampullary wall, thus hypermobilizing the
cupula. We assume that this is the cause of the inef-
fectiveness of the previously reported plugging surgery.

In the present study, the membranous labyrinth was
ruptured by inserting the needle, with the assumption
that several pathological conditions such as the mixing
of perilymph and endolymph or labyrinthitis may
develop. We were interested in what kind of changes
the cupula and sensory epithelia might undergo, and
in whether or not the physiological activity of the
sensory epithelia changes is important, since it directly
affects the development of vertigo and the caloric
response.

Grade III or more change in the cupula was
detected in 31.3% of the total number of SCs. We
suspected that the cupula damage occurred from the
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Figure 5. Changes in the lateral semicircular canal cupula. Amorphous, elongated, and separation changes were observed.

mixing of perilymph and endolymph, or the inflam-
matory changes in the inner ear. The reduction in
cupula size started from either the top part or the
margin of the cupula, which is similar to the reduction
seen in cases of GM intoxication. The supporting cells
of the ampulla and parts of the sensory cells are known
to contribute to the metabolism of the cupula [8,9].
This may be the reason why the margin of the cupula
is the first to shrink, with shrinkage of the bottom part
occurring later, as it is close to the site of the metab-
olism. Otogelin (otog) is one of the main proteins that
form the cupula and that anchor the cupula base to
the crista {1,2]. In the absence of the otog gene, the
cupula is known to be detached from the crista [10].
In acquired pathology, the top part of the cupula is the
first to decay, as shown in our previous studies. Grade
III-IV changes in the cupula were observed in 21.9%
of those in the short-term group and 37.5% of those in
the long-term group. The changes in the cupula
tended to be more severe in the long-term group.
This is possibly because the chemical and inflamma-
tory changes of the endolymph had accumulated over
a long period and had directly affected the cupular
structure.

We studied the physiological function of the SC
after puncturing the membranous labyrinth by

Table II. CAP positivity in the long-term group.

CAP
Grade Total (n) - + CAP positive rate
I 16 2 14 87.5%
II 0 0 0 0.0%
III 3 2 1 33.3%
I\ 7 3 4 57.1%
Aberrant shape 2 1 50.0%
Total 28 8 20 71:4%

recording the CAP. Against our expectations, CAP
measurement was obtained in 71.4% of the examined
SCs. Furthermore, the CAP could be obtained in half
of the SCs with grade III or more cupular change. The
changes in the cupula had occurred to a similar degree
to those in the cupula due to GM injection, but a
greater portion of sensory epithelia remained func-
tionally viable than in cases given a GM injection.

In the animals that received GM injection, damage
to the sensory epithelia appeared earlier than the
cupular change. For example, 3 days after GM injec-
tion, three of seven SCs with grade I cupular change
already showed severe damage to the sensory epithelia
[6]. In this labyrinthine puncture model, the cupular
change tended to appear earlier than the damage to
the sensory epithelia. While GM directly affects the
sensory epithelia, the labyrinthine puncture induces
milder changes of the sensory epithelia due to either a
secondary effect of environmental change or inflam-
mation within the inner ear. However, the cupula is
more sensitive to this insult, because it exists within
the endolymph.

The normal cupula works as a separating wall in the
ampullary space. The cupula deviates according to the
endolymphatic flow caused by head rotation. This
movement is disturbed when the cupula shrinks, as
was seen in the GM injection. Reducton of the
cupula size induces escape of the endolymphatic
flow, thus leading to reduction of the vestibulo-
ocular reflex and caloric response. Furthermore, in
cupulolithiasis, more severe symptoms and nystag-
mus may develop due to an increase in cupula
mobility, especially when the sensory epithelia are
sufficiently functioning, as was indicated by a positive
CAP in the present series.

An aberrant morphology of the cupula such as an
enlarged or elongated volume was observed in 3.1%
of models in the short-term group and 8.3% of those
in the long-term group, but was not observed in those
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of GM intoxication [6]. Occasionally, the large or
elongated volume of the cupula filled the ampullary
space or the canal lumen. This condition may also
disturb effective sensory cell activation. The mecha-
nism of this abnormal morphology is not clear, but
one possibility is that this is the process of cupular
regeneration that developed in the long term. Another
mechanism could be the attachment and accumula-
tion of the protein or degenerative product in the
cupula, but this remains to be investigated. From a
clinical point of view, all of the above pathologies
may occur when the labyrinth sustains a mechanical
injury after surgery or head trauma. The human
labyrinth is particularly susceptible to mechanical
damage because of its thin and vulnerable membra-
nous labyrinth.

It has been suggested that the difference in the
changes between the cupula and the sensory epithelia
depends on the type and site of damage within the
inner ear, and that this difference modifies the clinical
features of vestibular disorders. Future studies should
include the molecular biology of the mechanism of
cupular damage and its regeneration process. The
optimal method for accelerating cupular regeneration
may become an important tool to cure vertigo with
cupular damage.

Conclusions

The labyrinthine injury model created by puncturing
the membranous labyrinth induced various kinds of
cupular changes, including shrinkage. Cupular
change was more severe after a longer survival period,
and a large or elongated volume of the cupula was also
seen. In this model, CAP of the ampullary nerve could
be recorded even when the cupular change was severe.
Cupular change after disruption of the membranous
labyrinth may be a pathology of vestibular disorders.
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Efficacy of physical therapy for intractable
cupulolithiasis in an experimental model
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Abstract
Objective: To investigate what kinds of stimuli are effective in detaching otoconia from the cupula in three
experimental models of cupulolithiasis.

Methods: Three experimental models of cupulolithiasis were prepared using bullfrog labyrinths. Three kinds of
stimuli were applied to the experimental models. In experiment one (gravity), the labyrinth preparation was placed
so that the cupula-to-crista axis was in the horizontal plane with the canal side in the downward position. In
experiment two (sinusoidal oscillation), the labyrinth preparation was placed 3 cm from the rotational centre of a
turntable, which was sinusoidally rotated with a rotational cycle of 1 Hz and a rotational angle of 30°. In
experiment three (vibration), mechanical vibration was applied to the surface of the bony capsule around the
labyrinth using a surgical drill.

Results: In experiments one, two and three, the otoconial mass was respectively detached in 2 out of 10 labyrinth
preparations, none of the labyrinth preparations, and all of the labyrinth preparations.

Conclusion: Vibration was the most effective stimulus for detaching the otoconia from the cupula in these
experimental models of cupulolithiasis.

Key words: Benign Paroxysmal Positional Vertigo; Pathology; In Vitro; Bullfrog; Otoconia

Introduction
The cupula consists mainly of mucopolysaccharide and

membranous labyrinth was left encapsulated in the
bony capsule. The membranous labyrinth was carefully

is very adhesive in nature. This adhesiveness facilitates
easy attachment of the otoconia, resulting in cupulo-
lithiasis. Schuknecht' reported cupulolithiasis in
which the otoconia attach to the cupula, making it
gravity-sensitive. In our experience, cases of intractable
cupulolithiasis need careful treatment. Therefore, phys-
ical therapy with maximal efficacy should be
developed.

This study aimed to investigate what kinds of stimuli
are effective in detaching the otoconial mass from the
cupula in experimental models of cupulolithiasis.

Materials and methods

The experimental models of cupulolithiasis were pre-
pared using bullfrogs (Rana catesbeiana) weighing
110-220 g. After induction of deep anaesthesia with
ether, the bullfrogs were decapitated and the bony
labyrinth was removed and placed in Ringer solution
according to the method of Suzuki et al.? The caudal
otic capsule was chiselled so that the entire posterior
semicircular canal was exposed. The remaining

cut at the crus commune to create a tiny, 0.5 mm
opening. A small piece of otoconia, removed from
the sacculus of the other ear, was introduced through
this opening into the canal lumen. The position of the
labyrinth preparation was adjusted so that the otoconial
mass was fixed onto the cupula.

Three different kinds of stimulus were then used in
this experimental model of cupulolithiasis, in order to
determine the most effective stimulus for detaching
the otoconial mass: gravity, sinusoidal oscillation and
vibration.

A dissection microscope (SZX12; Olympus, Tokyo,
Japan) was used for observation of the otoconial mass.

All experiments were conducted according to the
ethical rules for animal experiments at Tokyo
Medical University.

Experiment one: gravity

The first experiment tested the effect of gravity, using
10 membranous labyrinth preparations. The labyrinth
preparation was placed in a glass dish filled with
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Ringer solution (100 ml) so that the cupula-to-crista
axis was in the horizontal plane with the canal side in
the downward position. The labyrinth preparation was
maintained in this position for 30 minutes. The otoco-
nial mass attached to the cupula was checked every 10
minutes (Figure 1).

Experiment two: sinusoidal oscillation

The second experimental model assessed the effect of
sinusoidal oscillation, using 10 membranous labyrinth
preparations. The labyrinth preparation was placed in
a glass dish filled with Ringer solution (100 ml),
which was magnetically fixed to a turntable (FRA-
02; First, Tokyo, Japan). The labyrinth preparation
was placed 3 cm from the rotational centre. The
cupula-to-crista axis was placed along a line pointing
towards the rotational centre. The turntable was sinu-
soidally rotated with a rotational cycle of 1 Hz and a
rotational angle of 30°. The sinusoidal rotation was
maintained for 30 minutes. The otoconial mass
attached to the cupula was checked every 10 minutes

(Figure 2).

Experiment three: vibration

The third experimental model tested the effect of
vibration, using 14 membranous labyrinth preparations.
The labyrinth preparation was placed in a glass dish
(100 ml) in the same position as in experiment one.
Mechanical vibration was applied to the top surface
of the bony otic capsule of the labyrinth preparation
using a surgical drill (BL-F5A; Osada Electric,
Tokyo, Japan). A cutting burr with a 5 mum tip diameter
was used. The frequency of the vibration, as measured
by a vibration analyser (VA-12; Rion, Tokyo, Japan),
was 340 Hz. The otoconial mass attached to the
cupula was checked during the procedure. Care was
taken not to rupture the membranous labyrinth

(Figure 3).

ASC

Cupula

Otoconia

FIG. 1
Diagram representing experiment one (gravity). The labyrinth prep-
aration was placed so that the cupula-to-crista axis was in the hori-
zontal plane with the canal side in the downward position. The
otoconial mass was checked every 10 minutes for 30 minutes.
ASC = anterior semicircular canal; PSC = posterior semicircular
canal.
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Rotation cycle: 1 Hz
Rotation angle: 30°

FIG. 2

Diagram representing experiment two (sinusoidal oscillation). The

labyrinth preparation was placed 3 cm from the centre of a turntable.

The cupula-to-crista axis was placed along a line pointing towards

the centre. Oscillation was applied for 30 minutes. The turntable

was rotated with a rotational cycle of 1 Hz and a rotational angle
of 30°. The otoconial mass was checked every 10 minutes.

Resulis
Experiment one: gravity

The otoconial mass was detached within 30 minutes in
2 of the 10 labyrinth preparations used in experiment
one; in these cases, the detachment times were 10
and 30 minutes.

Experiment two: sinusoidal oscillation

The otoconial mass was not detached from the cupula
within 30 minutes in any of the labyrinth preparations
in experiment two.

Experiment three: vibration

The otoconial mass was detached from the cupula in all
labyrinth preparations in experiment three (Figure 4).
The detachment times ranged from 10 seconds to 5
minutes 10 seconds. The mean detachment time was
2 minutes 20 seconds.

Discussion

Benign paroxysmal positional vertigo (BPPV) is
mainly caused by movement of detached otoconia
within the semicircular canal (canalolithiasis), or by
movement of otoconia attached to the cupula (cupulo-
lithiasis). In our group’s previous experiments,>* both
cupulolithiasis and canalolithiasis effectively stimu-
lated the cupula and were thus potentially valid mech-
anisms of BPPV. The clinical features of typical BPPV
are characterised by brisk, rotatory, dominant nystag-
mus with a latency of several seconds and a short dur-
ation. This feature could be explained more favourably
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Cupula
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FIG. 3

Diagram representing experiment three (vibration). Mechanical

vibration at 340 Hz was applied to the bony capsule near the labyr-

inth using a surgical drill. The otoconial mass was checked during
the procedure.

by the mechanism of canalolithiasis. However, there is
another type of positional vertigo with negligible
latency and a long duration of more than several
minutes. This type of vertigo could be explained by
cupulolithiasis. Based on our experience, cases of
intractable cupulolithiasis occur and can even require
canal plugging surgery.’ Therefore, the development
of physical therapy with maximal efficacy for cupulo-
lithiasis is highly desirable.

Chiou et al.® have reported the use of a forced pro-
longed position, wherein patients with cupulolithiasis
were required to lie on the side of weaker nystagmus
for 12 hours. Symptoms were relieved in all patients
after four sessions. However, in our experimental
study the otoconial mass was detached in only 2 out
of 10 labyrinth preparations following 30 minutes’
exposure to gravity. With longer exposure times, it is
possible that more otoconia could be detached. The
forced prolonged position technique is effective but
requires patients to remain in a lying position for a
long period, which is uncomfortable for some.

White et al.” used several types of rolling or brisk
deceleration manoeuvres (developed by Lempert and
Tiel-Wilck,® Gufoni ef al.,” Asprella Libonati et all®
and Brandt and Steddin)!' as well as head-shaking.
The Gufoni manoeuvre first places patients in the
sitting position, then makes them quickly lie down
towards the affected side, and finally makes them
rotate their head 45° downward and maintain this pos-
ition for 2 to 3 minutes.” The Vannucchi—Asprella
manoeuvre rapidly moves patients from the sitting to
the supine position, then turns the head rapidly to the
unaffected side, then returns the patient to the sitting
position, and finally returns the head to the midline.
This manoeuvre is repeated five to eight times.'

465

After these manoeuvres, White er al.” found that the
symptoms of all canalolithiasis patients were resolved,
but the symptoms of only 50 per cent of cupulolithiasis
patients were resolved.

In our experimental study, none of the otoconial
masses were detached by sinusoidal oscillation in any
of the labyrinth preparations. This result is compatible
with the low efficacies noted when the above-mentioned
manoeuvres were applied to patients with cupulolithiasis.

Kim ef al.'* have reported a new cupulolith reposi-
tioning manoeuvre. Beginning with the patient in the
supine position, the patient’s head is tumed 135°
toward the affected side. Mastoid oscillation is then
applied to the affected side, using a 60-Hz, hand-held
vibrator, for 30 seconds. The otoconia at the canal
side of the cupula will be detached by this manoeuvre.
The patient’s head is returned to the supine position.
Next, the patient’s head is turned 90° towards the unaf-
fected side and mastoid oscillation is repeated once.
The otoconia at the utricular side of the cupula will
be detached by this manoeuvre. Finally, the patient’s
head is rotated 90° in the prone position and the
patient is slowly brought to a sitting position. Using
this manoeuvre, symptoms were resolved in 62 per
cent of patients in one session, and in 97 per cent of
patients after six sessions.

Our experimental study found that the otoconial
mass was detached by mechanical vibration in all
labyrinth preparations. This result is compatible with
the high efficacy rate of Kim and colleagues’ cupulolith
repositioning manoeuvre.

However, the question remains whether vibration could
also dislodge the utricular otoconia. Amir et al'?
reported a case of BPPV which occurred after the use
of a whole-body vibration training plate. Similarly,
our previous experiments, using bullfrog membranous
labyrinth preparations, indicated that otoconia were
dislodged from the utricle and moved into the posterior
semicircular canal in half of the preparations after 15
minutes of vibration using a surgical drill.* It takes
longer for vibration to dislodge the otoconia from the
utricle than from the cupula. Fine morphological
studies show that the utricular otoconia are connected
to each other with fine fibrils and are embedded in a
gelatinous substance made of mucopolysaccharide.'*!>
The whole otoconial mass is covered by a
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Cupula

Otoconia

Before vibration

FIG. 4

After vibration

Magnified photographs and diagrams for experiment three (vibration). Before vibration, the otoconial mass was attached to the cupula. After
vibration, the otoconial mass was detached from the cupula and was separated into pieces.

supraotoconial layer.'® This may be one reason why
short-duration vibration can dislodge the otoconia
from the cupula without dislodging the utricular
otoconia.

Conclusion

In this experimental study of cupulolithiasis in a bull-
frog membranous labyrinth model, over 30 minutes,
the otoconial mass was detached by gravity in only 2
of 10 labyrinth preparations, and was not detached by
sinusoidal oscillation in any preparation. However,
the otoconial mass was detached by mechanical
vibration in all labyrinth preparations, over the same
time period; the mean detachment time was 2
minutes 20 seconds. Thus, mechanical vibration was
the most effective stimulus for detaching the otoconia
from the cupula in this experimental model.
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Relationship between clinical features and
therapeutic approach for benign paroxysmal
positional vertigo outcomes
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Abstract
Objective: To examine the clinical features, age and gender distribution of patients, treatment methods, and
outcomes of benign paroxysmal positional vertigo.

Methods: This paper reports a review of 357 patients treated for this condition at a single institution over a
duration of 5 years. Patients with posterior canal benign paroxysmal positional vertigo were divided into two
groups: one group underwent the Epley manoeuvre and the other received medication. The lateral canal
canalolithiasis patients were also divided into two groups: one underwent the Lempert manoeuvre and the other
received medication. Lastly, the lateral canal cupulolithiasis patients were treated with medication and non-
specific physical techniques.

Results and conclusion: For patients with posterior canal benign paroxysmal positional vertigo, resolution time
was significantly shorter in the Epley manoeuvre group than in the medication group. For the lateral canal
canalolithiasis patients, resolution time was significantly shorter in the Lempert manoeuvre group than in the
medication group. Resolution time was significantly longer in the lateral canal cupulolithiasis patients than in
the other patients. The average age of patients increased with the number of recurrences, as did predominance in
females. Average age and rate of sensorineural hearing loss were significantly higher in patients with intractable
benign paroxysmal positional vertigo compared with those in the curable benign paroxysmal positional vertigo

group.

Key words: BPPV; Benign Paroxysmal Positional Vertigo; Vertigo, Peripheral; Therapy; Diagnosis; Recurrence;
Prognosis

thought to be canalolithiasis of the lateral canal, and
that of apogeotropic nystagmus is considered to be
cupulolithiasis of the lateral canal.

Introduction
Benign paroxysmal positional vertigo (BPPV) is a
common vestibular disorder. It is classified into two

major types according to the nature of the induced nys-
tagmus. The most common type is posterior canal cana-
lolithiasis. The induced nystagmus is typically of a
rotatory, vertical nature, with up beating when the
head is hanging down, and down beating when in the
sitting position. Nystagmus induced by posterior
canal canalolithiasis is characterised by its short dur-
ation and latency.

Benign paroxysmal positional vertigo that presents
with a direction-changing horizontal nystagmus,
mainly induced in the right and left side head-down
positions, is called lateral canal BPPV. Lateral canal
BPPV is further classified into two types according to
the direction of the induced nystagmus, namely geotro-
pic nystagmus and apogeotropic nystagmus. The
underlying mechanism of geotropic nystagmus is
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This study aimed to examine the age and gender dis-
tribution of patients, clinical types of BPPV, thera-
peutic methods, and outcomes of BPPV. We focused
on recurrent and intractable BPPV with regard to prog-
nosis and outcomes.

Materials and methods
Of 3797 vertigo patients treated at our department from
August 2004 to July 2009, we reviewed 357 BPPV
patients (9.4 per cent). All patients with dizziness or
vertigo were tested using the Dix—Hallpike manoeuvre.
Assessment of lateral head rotation in the supine pos-
ition was then made. Nystagmus was observed using
an infrared charge-coupled device camera.

Posterior canal BPPV was diagnosed on the basis of
the following criteria: (1) a history of brief episodes of
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positional vertigo, (2) the absence of an identifiable
central lesion that might explain the positional
vertigo, and (3) a direction-changing torsional nystag-
mus triggered by the Dix—Hallpike manoeuvre.
Lateral canal canalolithiasis was diagnosed based on
the following criteria: (1) and (2) as above, and (3) a
direction-changing horizontal positional geotropic nys-
tagmus in the right and left side head-down positions.
Lateral canal cupulolithiasis was diagnosed based on
the following criteria: (1) and (2) as above, and (3) a
direction-changing horizontal positional apogeotropic
nystagmus in the right and left side head-down pos-
itions. Mixed-type BPPV was diagnosed in cases of
combined positional nystagmus of posterior canal and
lateral canal BPPV. Patients with the sensation of
vertigo, who were suspected of having BPPV but
who did not have direction-changing positional nystag-
mus on head movement, were excluded from this study.
All patients had their hearing checked using pure tone
audiometry.

The posterior canal BPPV patients were divided into
two groups according to the treatment methods. One
group underwent the Epley manoeuvre' (194 patients,
84 per cent) and the other received medication (betahis-
tine mesilate) (38 patients, 16 per cent). The lateral
canal canalolithiasis patients were also divided into
two groups according to the treatment methods. One
group underwent the Lempert manoeuvre” (31 patients,
45 per cent) and the other received medication (38
patients, 55 per cent). Lateral canal cupulolithiasis
patients (46 patients) were treated with medication
and non-specific physical techniques, such as
Brandt—Daroff exercises’ or head shaking.

Patients with BPPV were then divided into three
groups according to the prognosis: a curable BPPV
group, a recurrent BPPV group and an intractable
BPPV group. Recurrence was considered as the
reappearance of symptoms after a symptom-free inter-
val of more than 21 days. The follow-up period for
checking recurrence was from one to six years.
Intractable cases were those cases in which symptoms
persisted for more than 60 days.

For statistical analysis, we used the Student’s #-test;
p values less than 0.05 were considered to indicate stat-
istical significance.

Results

Patient age and gender

The ages of all BPPV patients ranged from 21 to 94
years, with an average age of 60 years. There were
114 men (31.9 per cent) and 243 women (68.1 per
cent). The distributions of age and gender are illustrated
in Figure 1.

Benign paroxysmal positional vertigo types

Posterior canal BPPV was diagnosed in 232 patients
(65.0 per cent), lateral canal canalolithiasis in 69
patients (19.3 per cent), lateral canal cupulolithiasis
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FIG. 1

Age and gender of patients with benign paroxysmal positional
vertigo.

in 46 patients (12.9 per cent) and mixed-type BPPV
in 10 patients (2.8 per cent).

Average resolution time

The average period of time from initial consultation to
resolution of symptoms in all BPPV patients was 13.8
days (Table I). For the posterior canal BPPV patients,
the average resolution time was 9.6 days. The average
resolution time was 7.7 days in the Epley manoeuvre
group and 14.1 days in the medication group. The res-
olution time in the Epley manoeuvre group was signifi-
cantly shorter (p = 0.0010).

For the lateral canal canalolithiasis patients, the
average resolution time was 11.1 days. The average res-
olution time was 8.3 days in the Lempert manoeuvre
group and 13.4 days in the medication group. The res-
olution time in the Lempert manoeuvre group was sig-
nificantly shorter (p = 0.0491).

For the lateral canal cupulolithiasis patients, the
average resolution time was 36.7 days. The resolution
time in the lateral canal cupulolithiasis group was sig-
nificantly longer than that in both the posterior canal
BPPYV group (p = 0.0000) and the lateral canal canalo-
lithiasis group (p = 0.0001).

Patient group o , o Days
All BPPV patients. ;357 13.8
Posterior canal BPPV.. . 232 9.6
— Epley manoeuvre =~ - - 194 7.7*
— Medication k 38 14.1
Lateral canal canalolithiasis . =69 111
— Lempert manoeuvre . 31 8.3**
— Medication Cinbne D38 134
Lateral canal cupulolithiasis 46 36.7

*p = 0.0010 versus the medication group. **p = 0.0491 versus
the medication group. BPPV = benign paroxysmal positional
vertigo
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Curable group

The average age of the 284 patients in the curable
BPPYV group was 59.2 years. The BPPV types encoun-
tered were: posterior canal BPPV (193 patients, 68.0
per cent), lateral canal canalolithiasis (53 patients,
18.7 per cent), lateral canal cupulolithiasis (32 patients,
11.3 per cent) and mixed-type BPPV (6 patients, 2.1
per cent).

Recurrent group

The recurrence rate was 14.8 per cent. The average age
of the 53 patients in the recurrent BPPV group was 61.3
years, which was not significantly different from that of
the curable BPPV group. Types included: posterior
canal BPPV (31 patients, 58.5 per cent), lateral
canal canalolithiasis (15 patients, 28.3 per cent),
lateral canal cupulolithiasis (5 patients, 9.4 per cent)
and mixed-type BPPV (2 patients, 3.8 per cent).
Although the percentage of lateral canal canalolithiasis
cases was higher in the recurrent group than in the
curable BPPV group, the difference was not significant.

Recurrence patterns

Recurrence involved the same canal in 27 patients
(50.9 per cent), another ipsilateral canal in 12 patients
(22.6 per cent) and the contralateral ear in 14
patients (26.4 per cent) (Figure 2).

Patient age and gender at recurrence

Fifty-three patients experienced a single recurrence, 11
experienced a second recurrence and 4 experienced a

B Same canal
# Another ipsilateral canal
# Contralateral ear

FIG. 2
Recurrence patterns.
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third recurrence. The average age at recurrence was
61.3 years at the first recurrence, 64.5 years at the
second recurrence and 68.0 years at the third recur-
rence. In males, the incidence was 30.2 per cent at
the first recurrence, decreasing to 18.2 per cent at the
second recurrence and to 0 per cent at the third recur-
rence. In females, the incidence was 69.8 per cent at
the first recurrence, increasing to 81.8 per cent at the
second recurrence and to 100 per cent at the third recur-
rence. The average age of patients and the predomi-
nance for females increased in relation to the number
of recurrences (Figure 3).

Intractable group

Of the 357 BPPV patients, there were 20 intractable
cases (5.6 per cent). The average age of the intractable
group was 68.3 years, which was significantly higher
than in the curable BPPV group (p = 0.0023). Of
these 20 cases, 8 patients had posterior canal BPPV
(40.0 per cent), 1 had lateral canal canalolithiasis (5.0
per cent), 9 had lateral canal cupulolithiasis (45.0 per
cent) and 2 had mixed-type BPPV (10.0 per cent).
The lateral canal cupulolithiasis group had a signifi-
cantly higher rate of intractability than the curable
BPPV group (p = 0.0040). The resolution period was
over 100 days for 4 lateral canal cupulolithiasis
patients.
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Inner-ear function

Eleven (4 per cent) of 284 patients had sensorineural
hearing loss (SNHL) in the curable BPPV group. Of
the 53 recurrence cases, 3 (6 per cent) had SNHL,
while 5 (25 per cent) of the 20 intractable cases had
SNHL. Sensorineural hearing loss was more frequently
associated with intractable BPPV than with curable
BPPV (p = 0.0004).

Discussion

We set out to determine the clinical aspects and thera-
peutic strategies for BPPV. We reviewed 357 (9.4 per
cent) patients diagnosed with BPPV (of 3797 vertigo
patients treated over a S-year period). Patients for
whom a diagnosis of BPPV was only suspected were
excluded from this study. If they had been included,
the number of BPPV patients would have been more
than doubled. In decreasing order of frequency, the
types of BPPV encountered were: posterior canal
BPPV, lateral canal BPPV and mixed-type BPPV.
This is probably due to the anatomical location of the
semicircular canals. If otoconial debris is dislodged, it
tends to fall towards the back and bottom of the mem-
branous labyrinth, where the posterior canal is located.

The Epley manoeuvre was performed on 84 per cent
of patients in the posterior canal BPPV group, and the
Lempert manoeuvre was carried out on 45 per cent of
patients in the lateral canal canalolithiasis group.
The Lempert manoeuvre was performed less than the
Epley manoeuvre; this is because diagnosis of the
affected side in lateral canal canalolithiasis cases is
more difficult than in posterior canal BPPV cases.
The average resolution time was significantly shorter
in patients treated with the Epley manoeuvre than
in those treated with medication (p =0.0010). In
addition, the average resolution time was significantly
shorter for patients treated with the Lempert manoeuvre
than for those treated with medication (p = 0.0491).
The Epley and Lempert manoeuvres should be per-
formed on patients who can tolerate the procedures
well, and who do not have cervical spine problems or
other conditions.

The average resolution time was significantly longer
in cases of lateral canal cupulolithiasis than in the other
types of BPPV. Lateral canal cupulolithiasis patients
were treated by medication and non-specific physical
techniques, such as the Brandt—Daroff exercises or
head shaking. The findings of the present study
suggest that these manoeuvres are not very effective
for treating lateral canal cupulolithiasis.

We have previously performed model experiments
using the membranous labyrinth of bullfrogs and con-
firmed the physiological validity of cupulolithiasis.*
These experiments showed that the otoconia may not
easily detach from the cupular surface in situations of
cupulolithiasis. The cupula is mainly composed of
mucopolysaccharide, which is very adhesive in
nature. This adhesiveness makes the otoconia difficult
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to detach, resulting in intractable cupulolithiasis.’
Physical therapy with maximal effectiveness for cupu-
lolithiasis is required.

Kim et al. recently reported a new cupulolith reposi-
tioning manoeuvre with mastoid oscillation using a
hand-held vibrator.® Symptoms were resolved in 62
per cent of the patients after 1 session and in 97 per
cent of the patients after 6 sessions. The authors con-
cluded that this manoeuvre was effective for lateral
canal cupulolithiasis. We have previously investigated
the kinds of stimuli that might be effective for detach-
ing the otoconial mass from the cupula in experimental
models of cupulolithiasis.” We concluded that vibration
was the most effective method of detaching the otoco-
nia from the cupula. We plan to examine the clinical
efficacy of a mastoid oscillation manoeuvre in the treat-
ment of lateral canal cupulolithiasis.

Various authors have reported different recurrence
rates for BPPV, ranging from 7 to 50 per cent.®™!!
Our result was 14.8 per cent, which was within this
range. Pérez et al. reported 19 cases of recurrence; of
those, the recurrence rate in the same canal was 31.6
per cent, recurrence in another ipsilateral canal was
31.6 per cent and recurrence in the contralateral ear
was 36.8 per cent.'”> These authors emphasised the
importance of examining each canal in both ears,
because BPPV is a syndrome that tends to relapse,
rather than being a single entity that affects a particular
side or canal. In our results (of the 53 patients with
recurrence), recurrence in the same canal was around
50 per cent, while recurrence in another ipsilateral
canal was about 25 per cent and recurrence in the con-
tralateral ear was around 25 per cent (Figure 2). We
contemplated that the otoconia tended to be detached
from the same utricle and moved into the same semicir-
cular canal while maintaining head position during
sleeping or head movement during everyday activity.
On the other hand, the otoconia detached from the con-
tralateral utricle only occasionally. ,

As the number of recurrences increased, the average
age of patients and the predominance in females
increased (Figure 3). Brandt ef al. also reported that
women were more likely to experience recurrence
than men.’ It has been speculated that the decrease of
oestrogen during and after menopause affects calcium
metabolism, leading to detachment of the otoconia
from the utricle. Oestrogen plays an important role in
otoconial metabolism. After ovariectomy, the density
of otoconia has been reported to decrease and the
size of the otoconia increases.'® In adult animals, the
number of otoconia and concentration of calcium
decreases.* Motohashi ef al. reported that oestrogen
receptors were expressed in the inner ear (i.e. in the
outer and inner hair cells, spiral ganglion cells, vestib-
ular ganglion cells, dark cells and endolymphatic sac),
and that these expressions decrease with increasing
age.'® This finding suggests that a decreased oestrogen
receptor level of the dark cells in aged animals leads to
changes in otoconia. The rapid decrease in the
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oestrogen level in menopause causes a decrease in the
number of oestrogen receptors, which may induce a
disturbance in the otoconial metabolism.

The average age of patients was significantly higher
in those with intractable BPPV compared with curable
BPPV patients (p = 0.0023). The rate of SNHL was
also significantly higher in patients with intractable
BPPV than in curable BPPV patients (p = 0.0004).
Both the ageing process and SNHL may be associated
with ischaemia. Four of the lateral canal cupulolithia-
sis patients had a resolution time of over 100 days. It
is difficult to explain the mechanism of this long res-
olution time simply based on the effects of cupulo-
lithiasis. We speculate that the cupula may sustain
morphological damage from ischaemia, such as
shrinkage.

Research suggests that the cupula shrinks under various
conditions.’®~'® Konomi ef al. reported that the cupula
shrank after a gentamicin injection into the inner ear,
with or without damage to the sensory cells.’ It is
expected that the movement of the cupula will
change as it shrinks. Kondo et al. observed similar
cupular changes after puncturing the membranous
labyrinth.!” The cupula was also found to change in a
high osmolarity environment.'® In addition, cupular
change was revealed in our ischaemia model.'® The
cupula is fragile, and change is induced easily as a
result of various insults, including SNHL and other
inner-ear diseases. Maintaining a favourable inner-ear
condition for calcium metabolism should help to
prevent recurrence and intractability of BPPV.

This study had the limitation of being retrospective
and was conducted at a single institution only.

Conclusion

For the posterior canal BPPV patients, the resolution
time was significantly shorter in the Epley manoeuvre
group than in the medication group. For the lateral

K OTSUKA, Y OGAWA, T INAGAKI et al.

canal canalolithiasis patients, the resolution time
was significantly shorter in the Lempert manoeuvre
group than in the medication group. The resolution
time was significantly longer in the lateral canal
cupulolithiasis patients than in the other BPPV
patients. As the number of recurrences increased,
the average age of patients increased as did the pre-
dominance in females. The average patient age and
the rate of SNHL were significantly higher in those
with intractable BPPV compared with the curable
BPPV patients.
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Abstract. Pupillary dilation in response bo scamd stimul is well 2 sizbliske geperally repreenis 2 startke rilen o soand
Wz pevinusly reporied thet auditory-pepliary resporses (APR=) persist with tilaseral deafness, and that the nativways medisting
APEs imrobve not only the cochles but also otolith organs, especially the szoenle. Here, we evaluated the westibulo-gmoncmic
responEes in vestibuler newritis (VNI by assessing APRs. Twelve voung healihy volupzers withowt a Tsbory of hearing and egui-

{ibraen problems and 10°YN petienis panicipated. T clarify the refationship between APRs and wstibuler function. espacially
olalith function, we performed celoric and vestifalsr-evokad myogenic response testing on YN patienta In aonnal sulfects, we
examined APRs when delivering sound stimull i both sides. In VN patients. we examired APEs wihen defivering stimuli simul-
tanecusly 20 hoth sides, fo the affecied side zlome, amd then to tl}e maffeced side alone. With bineural stimulation, the pupiflary
index (P~ the rate of dilution — of VN patients significandy fred from these of nommal subjects. Moszoveer, in VN patients,
Pls of the affectd sides were sipnifieantly larper than thosé of the: una:f"e»;zeed sidies, Dur stedy provides evidence that examining
APRs may be wseful for evaluating vestibulo-sutonomic rel?;ams, a&geus}i v otolith-sutonomic reRexes.

Keywords: Sowditory-pupillary mepoase, vesﬁ:m!e»mmmmmspom, vestibular peuritiz, ctolith fmction

1. Introduction B us to the notion thet examining A FRs may be wsedful
for pvaluating vestbulo-suwonomiz s,

Therefore, in present stedy, we vsed APREs to cxam-
ine the vestibubo-sgutonomic reflexes of patients with
vestibular newritis (YN, a form of periphera! disegui-
fioriem Ceneszlly, VN s paroxysmal vertigo that can

Pupillary dilation in response @ scand stimali is
well established [24], and is generally u:s%ﬁkédmz,d‘ 1
represent o starth meflex te sound, e n:saE?} sounds
related 1o emotions, This plwm%::no

suditors -pupitlary response (APR] ;
reporzd that APRs persist In paticnts with bilateral
deafness [81 We hypothesie thet APRS mepresent nnt
only a simple startle reflex to sound stimuli buz may
siso ropresent a rwaction o stimuelation of other sense
crgans In other words, APEs may invelve not only au-
ditory stimezlation of the cochlen but also that of the
ctorlith organs, especially the saocule. These findings
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fast for several hours to o fow days, 25 10 the pateaty
of thiz study. In the scute phase. it may be associated
with nawsea end vomiting: that is, a particular type of
zutonomic dysbenction. ‘ﬂmt patiznts e sxperience com-
plete recovery within a fow weeks, VN 15 diagnosed
using three clinical dingnostic crizeia [4]: (1) vertigo,
which is uszally sudden onset; (2) sheence of cochlear
signs and sympioms such as dealfness and Ganitus; and
(3) shsence of associated pewrologics! sizns and symp-
toms. By defimaon, VN patients do not shew cochlear
signs o symptoms. Therfome, we concleded that we
did not need to consider any decmases in APRs due
ter hearing loss and could simply determine whether

15 Press ard the authors, Adl righes mserved
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Tebke 1
Fupiflary responie deis for normal subjeciz
Subfectno. Agedyl  Sex Bowlne pupiilary Sameter imm) MU (msecd [ Jmsec) i
| 3% M 2 ma TEO 24
333 a70 178
2 21 & 4341 §20 il
4340 a0 155
K 1% ki 40 420 15%
1300 152
4 iz IS a0 TER
70 i
5 In M 430 AT
e 3
f ] IS 1 H
T
T 33 M 178 TG
1.54 T
# kA © i t H
el ) TLO 1a7
5 2% M 4 3 :
2 Al
0 4 5 238 70
4.5 70
11 43 “ 272 pescii} T
252 I 170
12 1% I3 82 43E Eac e
352 ] 1170

tParumetess wen chrioally difficell to measure. For gac

the seonrad colume contains left eve darn

vestibular dysfunction and APR: ar cormiasted. The
prosent suedy wis underaken to evaluats the vestbu
zutonomic responses in VN using APRs and to clanfy

the rrlationship between APRs, canal paresis {CP), and.
westibular-evoked my ogenic potentials (VEMPS).

2, Methods

The participants wzrz £2 healthy voluntesrs (6 makes
zod & Females; age renge of 2641 vearsymeen = S0
of 31 = & years) without a history of hearing and 2qui-
fibrium problems and 10 patients with VN (5 males
gnd 3 females; zoe range of 33-7 V
of 37 + 14 years) (Tables 1 and 2]

To make a definiie diagnosis of YN, we msted the
patients for WN, all patienis undervent hearing tosts
(purz-tone aediomesy band were checked for the eb-
sence of cochizer signs and symptomms. Generzlly, a re-
duced or shseat response in the caloric test s not & aec-
essary criterion for the diagnosis of VN Howewer 1o
makz a diagnoziz of VN in Japan, CP i an essental
critzrion: thus, we tested slf patients with the caleric
tesn IF the CF% was more then 23%. the subject was
diagnosed as having CE In addition, w clarify the re-
lativnship besween APRs and ciolith function, we per-
formed a vestibular-evoksd myogenic responss s on

suhiect, the first cofurmn contains right eve data ard

the putients by assessing their VEMPs. The procedurs
for carmying out and snalyzing VEMPs were previ-
cusly repored [2]. Forrecording VEMPs, 100 dB nHL
ficks 001 ms) generated by a Newropack ¥ evoked-
response measunng system {MEB-3300 Nikon Ke-
den, Japan) wer preseated to cach sabject through
headphones (DR-331: ELEGA, Japan).

APRs of both eyes wer assessed using computer
pupillography. Testing was performed with a binocu-
lar infrared pupillograph designed and built at our in-
stituts [E] Afer exposure o auditory stimubl, pupil
stea was measered with en infrered electronic acular
mzasurament device (MawOpt, Kawasaki, Japan) and
& data processor {New[Ipt} in tandem with a portable
compuzr (Windows XPL Auditory stimull consisted
of impulsive stimuoli or clicks, Click stimuli wer rar-
efactive sguare waves (duragon: (L1 ms; intensity:
1000 dB sHLY zenerated by a Neoropack 57 evoked-
TespOnas Measering sysam. Tong bursts were notused.
The stmul were delivered through celibrated head-
phones (DR-331; ELEGA, Japan). In normmal subpects,
we examined APRs when defivering sound stimeli o
both sides. In VN patznts, we examined AFRs with
sound stirmuli defiverzd to both sides, to the unaffected
side alone, and to the affected side alone. Othervize,
il teating wes camied out under conditions identical o
those described incur previous stedy [3].

— 231 —




— 2€¢ —

Tibke 2
Wevmenn kygicnl b af VN jurienes

- - - S

Tiree o lipraeeel Aalitony pupill iy respon s -

Patkents pe wen betwesnonse CPE O VEMP Tothears simbated Affecresd ear gimulabed Uhnaffactal eor stivn bl ,g
. [5] wih il tent Baeling papilliry 841 (51 PIL Papline pupilliy M1 K] FIL Basedine papillary M1 Tl Fri g
iy €1 i diarmeter frmm) (rnech () diarmier irurmt (meci (gl dligrmeeer irnrmd irmseci sl %

1 at o 550 AW T4 TEA 3 sH13eA 12401 R A3 £
BT I 5 VR ¥ )] L6 0 W R Y Wi A5 o

2 41 F a3 G N LU Rt 4% CE U I L O v a1 WE) A8 E:
ELE i R0 A L] 0 Lo 1L ] 130 G52 \ﬁ

El 54 M x 2 N 2D K] TR GR WY TRy 72U E
Norrnial 24 ER) LY Ty T LRLR. wo TAR O OAED =X

4 ToE # 10 Hormal L7 1 1 t 1 f t f 5
Meernul LR W A Wy 7 4 A o RN E

5 47 M 4 6 Tregular L8 AL 250 HE X % ) 234 530 LT 126 ?3
Niermal L0 20 CLE 176 w0 den am R

fi 3 F 14 41 Newmal LA S ey T 246 A4 KRG 752 ‘g
Norrmul L 470 8 1A 2% R W AdS ]

7 57 B a W f i A7 y Woowo e g
! f .y T N -

H TLoM i Gl - F AW w753 RLELAC S LN TN R 529 %
A a0 Hwn eIy EETVIN ) VI (% R 468 i

@ TaM o4 5 Morrmal & L G T L7 ol LI A0 Wi AR ?
Wermal (X1 43 £ LU ] 132 3 1 420 a0 I3 E-

=1

1 [ R 25 Mol 1.72 e WG LAY 1, G gLy M wIR 1L&4 Ly e AR g
Whirmal LA F0 LU - 3 a3 420 dE RO 232 53 [LLUYIE %) E
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Dilatien 1 (B1)
(mmses)

+

Plateaw
re—

Mvdrasis 1 (M1)
(mseg)

First phasc

Bascline pupillaﬁ* m'z;tc:

Seeind gh;:Svt

Fig. . Comporerds of the auditory-pupillary msporse. Analysis involved averaging the nespinss dats with a postzbke compuize Once the dats

wen averzped. we meuemd the haseling pupiflary diamer

steedd Hnel laenoy of the initisl mydriasis Sefors te appearance of the first phase

curves (M1 % and dilation § {0207, the dilative thal covers dusing this phae. ‘3‘!}4: ..sml»*ué&' of the fimt phaw curves were Pen comverezd into z

pupiilary ;rxk'x (P11 omd amalyoed

Responses were assessed according to the follow-
ing criteria (Fig. 13 11F The response curees wene not

contaminztzd by imenler corves cawsed by nystag-

mus, blinking, cr popillary csciffztions; (2) the base-

line pupillary dizmeter remained largely unchanged.

W excleded pupillary -diameter duta cbeained immme-
diately at
response curves, by definition, wer preceded b
plateas.

We defined pupillary index (P1) s follow
{ampiftudedbaseline pupiliary dlomeaer) «

When hiphasic APR myponse curces w
itwas difficult to measure the second ph special

mysdriasis 2 {M21, because of physiolosical pupzﬁlar-
cacilletions, Themfore, we measu
phase — mydnasis | {11 and dilation
then caleulsted PLOtha is, PITL

This study wes conduced in sccordance with the
sthical principles in the Dectaraion of Helsinki, Al
proceduns wer carried cut with adequate understand-
ing of the subjecs and writlen consent and were ap-
prowad by the rvizw beard of Tokyo Medicel Unpver-
sigy (Mo 8020

W compared the results obmimed from the nosmal
sabjrow and VN patients, Caloslztions wers performed
with Stat Mate IV sofiware (Atoms, Japen! The Mann-
Whitney U st and Prarson product-moment correlz-
tion cosffcient were used for statstical analysis, P o
.05 was considered significent

the stert of sound stimzlstios, In other W@rﬁs, .

3. Results

APRs of the left end right eyes weme nearly sgual
Tables 1T and 20, Acrosy afl VN patieniz and nomal
subjrots, the above-deseribed oritenia were met in 10—
12 trzees of 20 recordings. These meordings wenr av-

) s:r:tc»f_'d end analyzad.

The APEs msult with sound stimuli deliversd 1o
bath sides are deseribed next. In nomnal subjecss, the
mean = 50 bassline pupillary diameter wes 247 £
D068 mmmn (= 12 subjects, 21 eveal All subgects rz-
sponded to suditory somulanon. The mean M1 was
35005 £ 765 meee, ranging from 30000 1o 43000 msec
(m = 12, 21 evesh The mean D0 was 8067 = 2088
msze, ranging from 6300 w 13000 msee (n = 12,
2l eyest The mean PH was 391 = 298, ranging from
23210 1308 in = 12, 21 aves) {Table 11 On the
other hend, in VN patienis, the mesn baseline pupil-
fary dizmesr was 247 £ 061 mm (n = 10 subjeets,
19 awesi All of the VN patizats K“i’;{mdﬂ:@ to guditory
sumulanon. The meen ME wes 2047 & 1134 msee,
ranging from 20000 w0 3700 meec m = 10, 19 aves)
The mean M owas 9563 £ 137.0 msee, renging from
T e 1330 msec i = 10 19 2vey), The mean P
of VN patients was 806 = 220 (n = {0, 19 ayes),
which was significantly laraer then that of normal sub-
seots 0F < (L05HTable 21

When the affected side was stimulated alone, the
mizan baseline pﬁpil]a&n’ dizmeter wes 243 2 0053 mm
(e == 10, 18 evesy All VN patienis sesponded to zu-
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Tehke 3
Acadiiay -pupillary sesporses {APRS) fullew ing sound siimelaton

Affeced ear sEmulaed

Bt ears stimulaed Epaffeced car stimuised

AP Eves on affeced aide g8k 234 85542173 T8l b LEEe
Py Eyes on unaffected side RN LR E RN i I N B

o= 00D W companed AFEs amd FU valwes moorked From syes of e sfced side with bt from eyes of te anaffected side

ditory stimulagion, The mean M1 owas 3489 = 1138
msze, ranging from 1700 to 3300 msec {n = 10, 18
wvesl The mean D was 9294 £ 17001 msec, rang-
ing from 7300w 140000 meeo (5 = 10, 18 gyes). The
miean PIT was 834 £ 280 (n = 10, 13 2ves) {Table 21
When the unaffected sike was stimulated alone, the
mean beseline pupillary damoterwas 230 = 063 mm
frn o= 10, 18 gyes). All patieats mesponded o aeditory
stimnulagion. The mean M1 was 3744 = 1028 mses,
ranging from 1300 0 33000 meze (n = 1, 15 eyes),
Thf. meen DM owas 9294 4 1312 meeo, renging from

T3 13300 mae {n = 10, 18 eves) The mean PL
wes B8.67 = 1960 = 10, 18 eves) The P1I of the stim-
ulated affected side was %i;ﬁiéicanﬂy fzrzer than the
Bl of the enaffeced alt%t‘ Pl whie 20 The
mean CUP% waz 2.5 = 34.4% ranging from 23.0% 0
1O (e, complets TP in = 105, Nire VN patients

wnderwent ¥V EMF westing. In onz patient (ne. 7)1, how-

wver, VEMPs was sohmicelly difficult to measure, Bix
patients had normal VEMP= and 2 patiznis had irege
lar VEMPs in the affected sidec UP% was not signifi-
cently correlated with PIL The perind of time beraes
the onset of vertigo and 2ach exsmination was e
4.7 days, ranging from 4 to 144 days

Teble 2 shows the APEs recorded after sound stim-
alation, Comperison of FI1 values reveaks
each type of sound stimuli, FIT values =

4, Dlscussion

In cur previces study, we described vestibular stim-
alation-relatzd APRs [‘S]. Generally, APRs are thought
to be pzlasd o auditcry function (18] Howsve,
Nishida 2t al. wpored thet pupiliery responses am
alsor clozely related o vestibulzar function [16)] There-
fore, we mitially hypothesized that APRs in VN pa-
fients with vestibular dysfunction might be weaker
than APRs in nommal sehjects. Surpnsingly, AFEs in

VN patients are significantly larger than those in nor-
mal subjects. Morover, APRs recorded from the af-
fected side were sigmficantly stronger then those from
the unaffecwd side. In the pﬁ. sent study. A%’RW wam

that the «::*z‘
evar, there

of Ci’ wc«u]é al‘ﬁuz the & PR::;. Hew-
o cormalation between P and PILTL
gueat that the pathway(s} underiving

mtmn i patﬁtntﬁs wx‘h sarﬁ!bc« {%,3‘1@ l?,ﬁu,lf.
Bevernd studies have sugpested that asymmetry

“in the autonomic nervons SYERM IR YeMHNginous pa-

b causss asymmetrical excrtability of the vestibu-
lar system, resulting i nystagmes end vertige [19
1. Moreover, the same studizs Tound a cormelation

between asymimetry in the avtoncmic pervous syslem

and zide differences in verebraresiel fow [19,210 W
ohserved that after sound stimalation A FEs roorded
from the affected side were larger than those from the
unaffected side {Teble 33 This may be due to ssymme-
iy in the aulBOIEC DErVOUSs SYSETm

According 1o Kawasaki [7] d"" e purasyim-
pathetic activity and suppression of sympathesic re-
EpOmses anre present in vertiginous petients. The fiest
phase of the rsponse oocurs a5 & mesuelt of inhibigon
of the perasympathetlc nervous sysem [&]. In paticats
with CF, vestibular dysfunction might cause decpzased
parasy mp&tham activity in the affected side, therby
couzing APEs in the affeowd side to be Jarger than
those in unaffected side. Hence, APR: mwﬁt ke af-
fected by CF mndimectiy,

In cur previows study, we propesed that cells in-
volved 1n APRs mainly receive mputs from ofolith or-
gans, especially the sacoule, becasse the sscoule is the
maost soend-sensitive vestibular end organ [2,18,14,13]
and hecasse the APR throshold was close to the VEMP
thrzsheld [190 In the study of Murofushs 21 al, 34%
of ¥N paments facked enilaere VEMPs [12]. They
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