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TABLE 2. AMPLITUDES OF CM, SP, AND AP

CM Amplitude SP Amplitude AP Amplitude
Amplitude Stat Signif Amplitude Stat Signif Amplitude Stat Signif

Group (V) (1) (2) {uv) (1) (2) (uv) (1) (2)
ALHL 8154 NS 1.8+1.1 NS 55129 NS
(n=20) n=15)

MD1 58+3.1 NS NS 1.6+0.8 NS NS 44+21 p<.0l NS
(n=15) n=11)

MD2 58%53 NS NS 15406 NS NS 33x15 p<.01 p<.05
(n=11)

MD3 57147 NS NS 1.72 1.0 NS NS 32420 p<.01 p<.01
(n=27) (n = 26)

MD4 8.1+84 NS NS 19+£2.0 NS NS 3.9+46 NS NS
(n=15) (n=4) n=4)
Controls 5.9%3.1 1.7+0.9 6.7+£3.1
(n=29)

Stimulus intensity was 90 dB normal hearing level. All valees are means + SD,

CM — cochlear microphonics; SP-— summating potential; AP — action potential; Stat Signif — statistical significance, {1) — patient groups
versus controls; (2) — Meniere's disease groups (MDI, etc) versus group with acute low-tone sensorineural hearing loss {ALHL); NS — no

statistical significance.

The bandpass filters were set to be flat from 320 to
1,500 Hz for measuring 1-kHz CM, and from 50 to
3,000 Hz for measuring SP and AP. The CM ampli-
tudes (in microvolts) were measured peak-to-peak;
the AP amplitudes were measured from the baseline
to the maximum negative deflection of the N1 peak;
and the SP amplitudes were measured from the base-
line to the notch on the descending limb of the N1.
We also used the lowest intensities to determine the
CM detection thresholds. A change in potential of 0.2
LV or more was deemed to be a response.

The SP and AP amplitudes were measured at a
stimulus intensity of 90 dB nHL in all patients, al-
though AP detection thresholds were assessed in only
18 of the 20 patients with ALHL and 56 of the 58
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Fig 2. Distribution of summating potential-action poten-
tial (SP/AP) ratios, Mean SP/AP ratios of all patient
groups were significantly higher than that of control group
(p < .01). Note similar SP/AP ratios in ALHL and MD1
groups.

patients with MD. The CM measurements were car-
ried out in 15 patients with ALHL and 53 patients
with MD. The CM input-output curves were divided
into 3 types: type 1 had normal slopes, amplitudes,
and detection thresholds; type 2 had steep slopes and
high detection thresholds; and type 3 had low-ampli-
tude voltage or normal slopes and high detection
thresholds. We compared each ECochG parameter
in the ALHL and MD groups, as well as in 29 healthy
ears that served as controls. All statistical compari-
sons were made with the Mann-Whitney U test.

RESULTS

CM, SF, and AP Amplitudes. The CM, SP, and AP
amplitudes elicited at a stimulus intensity of 90 dB
nHL are shown in Table 2. One patient in the MD4
group with no SP or AP was excluded. The CM and
SP amplitudes in the ALHL and MD4 groups tended
to be larger than those in the control group, but the
difference was not significant, nor was there a signifi-
cant difference between the ALHL and MD groups.
The AP amplitudes in all patient groups tended to be
smaller than those in the control group, but the dif-
ference was only significant for the MD1, MD2, and
MD3 groups. In addition, the AP amplitudes in the
MD2 and MD3 groups were significantly smalier
than those in the ALHL group.

SP/AP Ratios. Figure 2 shows the distribution of
SP/APratios in each patient group. The mean values
+ SD of the SP/AP ratios in the ALHL, MD1, MD2,
MD3, and MD4 groups were 0.35+£0.13,0.37£0.13,
0.52 £0.27, 0.55 £ 0.19, and 0.55 £ 0.09, respec- .
tively, which were all significantly greater than the
control value (p <.01). The SP/AP ratios in the MD2,
MD3, and MD4 groups were also larger than those
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TABLE 3. CM AND AP DETECTION THRESHOLDS
CM Detection Threshold AP Detection Threshold
Stat Signif Stat Signif

Group Threshold (dB HL) (1) (2} Thresheld (dB HL) (1) (2)
ALHL {(n =20) 32094 (n=15) p<.0l 272102 (n=18) p<.01
MDI (r =15) 3091104 (n=11) p<.0t NS 27.1£9.1 (n=14) p< .01 NS
MD2 (n=11) 41.8£10.8 p<.01 NS 4181 16.6 p<.01 p<.01
MD3 (n=27) 5541 10.3 (n = 26) p<.01 p<.01 60.0+ 13.0 (n = 26) p<.01 p<.0l
MD4 (n = 5) 68.0 £ 14.83 p<.01 p<.01 840+ 114 (n=4) p<.0l p<.01
Controls {n =29) 162149 11.7+54

All values are means + SD.

in the ALHL and MD1 groups, which exhibited simi-
lar SP/AP ratios, but the difference was only signifi-
cant for the MD3 (p <.01) and MD4 (p < .05) groups.
When the normal range of SP/AP ratios was defined
as being smaller than 0.4 (mean + 2 SD of the con-
trol group), 10 of the 20 ALHL patients (50.0%), 6
of the 15 MD1 patients (40.0%), 8 of the 11 MD2
patients (72.7%), 23 of the 27 MD?3 patients (85.2%),
and all 4 of the MD4 patients (100.0%}) showed ab-
normal SP/AP ratios. Note that among the MD groups,
the incidence of abnormal SP/AP ratios increased as
the stage was downgraded.

CM and AP Detection Thresholds. Table 3 shows
that the CM and AP detection thresholds were sig-
nificantly higher than the control values in all pa-
tient groups and were similar in the ALHL and MD1
groups. Among all patient groups, the CM and AP
detection thresholds increased as the stage was down-
graded.

CM Input-Output Curves. Figure 3 shows the 1-
kHz CM input-output curves for each patient in each
group. Of the 15 ALHL patients tested, 8 (53.3%)
were classified as type 1, and the other 7 as type 2 or
3. Of the 11 MD1 patients tested, 6 (54.5%) were
classified as having type 1 input-output curves, and
the other 5 as having type 2 or 3 curves. Note that
the percentages of patients categorized as having type
1 curves were similar in the ALHL and MD1 groups,
and that the numbers of patients categorized as hav-
ing type 1 curves declined as the stage was down-
graded.

DISCUSSION

A substantial amount of clinical evidence suggests
that increases in SP amplitudes and SP/AP ratios re-
flect specific abnormalities associated with MD and
ELH!415 and result from displacement of the basilar
membrane toward the scala tympani due to the abnor-
mal endolymphatic pressure.!® Nevertheless, whereas
some authors report the usefulness of measuring SP
amplitudes,!” others have found that the SP ampli-
tudes in patients with MD are the same as or smaller
than those in healthy ears.!8 This discrepancy likely

reflects the large variability in absolute SP ampli-
tudes, which has led to the clinical application of
ECochG for monitoring MD and ELH to be focused
on the SP/APratio.!920 In the present study, we found
that among patients the SP/AP ratios, but not the ab-
solute SP amplitudes, were significantly larger than
control values, and that SP/AP ratios and the inci-
dence of abnormal SP/AP ratios both increased as
hearing loss became more profound — findings that
are consistent with earlier reports.821.22 Moreover,
our finding that SP/AP ratios are elevated in ears with
ALHL is consistent with the findings of Yamasoba
et al33 and implies that ELH may cause ALHL.

The use of CM amplitude to monitor MD is also
controversial, Kumagami et al® reported that the CM
amplitude is enlarged in patients with early-stage MD,
at a time when hearing loss is still reversible. Simi-
larly, Ge and Shea?? reported that the CM amplitude
is larger in patients with MD than in patients without
MD, and that the CM amplitude is increased in 69%
of ears with MD with hearing loss greater than 40 dB.
In contrast, Fetterman?23 reported that the CM ampli-
tudes tended to be smaller in ears with ELH than in
those without ELH. In our study, the ALHL and MD4
patients exhibited CM amplitudes that were larger than
control values, but no significant change was found
among the other patients. It is thus difficult to evalu-
ate MD with only CM amplitude. On the other hand,
the AP amplitudes were significantly diminished in
many patients, contributing to the significant increase
in SP/AP ratios.

The CM and AP detection thresholds and input-
output curves are more stable and reliable parame-
ters than are absolute amplitudes.?4 The comparative-
ly low CM and AP detection thresholds in the ALHL
and MD1 groups implied only slight cochlear impair-
ment. Among the four MD groups, the CM and AP
detection thresholds increased as hearing ability di-
minished, reflecting the increased impairment of the
cochlear hair cells. We divided the CM input-output
curve into 3 types. Ears with type 1 curves were con-
sidered to have nearly normal cochlear hair cells,
whereas those with type 2 or 3 curves appeared to
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have various degrees of cochlear impairment. Fur-
thermore, the steep slope and high detection thresh-
old in the CM input-output curve indicate the exis-

0 102030 40 50 60 70 80 90 dBrHL

0.1

© 1020 30 40 50 60 70 80 90 dBnHL

{microV)

30

19

o1

01

L L 1. ¢ ) [ ]}

Q1020 36 40 50 60 T0 80 90 dBnHL

| S T N T O |
0 10 20 30 40 50 60 70 36 90 dBnHL

(micro¥)

30

10

L8]

L type 3

A A
v

n=17

| N N S Y T S |

0 1020 30 40 50 60 70 80 90 dBaHL

(micraV)

30

o

(L8]

L type 3

i

n=1

Bl L b 11111

0 10 20 30 40 50 50 70 30 90 dBaHL

tence of the recruitment phenomenon,!! which corre-

sponds to the H-curve in the AP input-output curve.25

Fig 3. One-kilohertz cochlear microphonic in-
put-outpus curves {dotted lines) for each pa-
tient group. Curves are divided into 3 types as
described in text.

In sum, our evaluation of the CM input-output curve
indicates that more than half of the patients with ALHL
or MD1 had normal cochlear hair cells.

In the present study, ALHL patients exhibited SP/
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AP ratios, CM and AP detection thresholds, and CM
input-output curves that were similar to those seen
in MD1 patients, suggesting a similarity in the patho-
genesis of ALHL and early-stage MD. Moreover, the

fact that the CM detection threshold and input-out-
put curve showed little or no impairment of the co-
chlear hair cells of ALHL patients suggests that the
source of pathogenesis of ALHL is ELH.
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Objective—Mutltiple patches of atrophy have been reported in the stria vascularis (SV) in elderly persons with presbycusis.
The aim of this study was to investigate the correlation between sensorineural hearing loss and this strial condition.
Material and Methods—We established a new animal model comprising two small lesions in the $V in the second turn of the
cochlea by means of photochemical reaction. Using this model, we investigated morphological and physiological changes in
the cochlea at 3, 7 and 14 days after SV damage.

Results—Scanning electron microscopy studies revealed that the strial cells between the two damaged areas of the SV
remained intact, although the outer hair cells (OHCs) facing the intact SV area were damaged. Furthermore, damage to the
first and second rows of OHCs gradually progressed throughout the 14-day observation period. The endocochlear potential
(EP) measured at a point midway between the 2 lesions at 3 and 7 days was found to be significantly lower compared with
control values, but had returned to a normal level at 14 days.

Conclusion—The reversible EP change and localized OHC loss seen in the present investigation may help to understand
acute idiopathic or progressive sensorineural hearing loss. Key words: endocochlear potential loss, multiple stria vascularis

lesions, scanning electron microscopy, sensorineural hearing loss

INTRODUCTION

Microcirculation disorders of the cochlea are thought
to be one of the causes of sensorineural hearing loss
(1). In order to understand the relationship between
such circulation disorders and hearing loss, we pre-
viously established a model of microvascular disorder
induced by photochemical reaction using intravascular
Rose Bengal (RB) dye and a 1-mm focused green light
in the guinea pig cochlea. Changes resulting from
these focal lesions were investigated histologically and
physiologically (2—6). In early investigations, illumina-
tion perpendicular to the lateral wall of the cochlea
resulted in severe damage, not only to the stria
vascularis (SV), but also to the inner and outer hair
cells 3 days after photochemical reaction. The en-
docochlear potential (EP) dropped from a preopera-
tive value of 80 mV to 21.7 mV after 3 days. However,
after 2 weeks it was found to have returned to pre-
illumination levels, although SV and hair cell damage
remained (7). In this model, because the illuminating
beam struck the lateral wall, organ of Corti and
modiolus, both inner and outer hair cells were directly
affected by the photochemical reaction. Ocho et al. (8)
devised another model in which the illuminating light
was directed tangentially to the lateral wall. With this
method of illumination, damage was limited to the SV
and outer hair cells (OHCs), and did not extend to the
inner hair cells (IHCs).

When the temporal bones of elderly persons are
examined, strial degeneration usually occurs in multi-
ple patches in persons with flat-type sensorineural
hearing loss (9). In order to clarify the relationship
between this finding and hearing loss, it is helpful to

© 2003 Taylor & Francis. ISSN 0001-6489

examine the pathophysiological state of multiple strial
lesions.

In the present study, two lesions were induced in the
SV at the second turn of the guinea pig cochlea using
photochemical reaction, and morphological and con-
comitant EP changes were examined.

MATERIAL AND METHODS

Animal preparation

Forty-eight healthy male albino guinea pigs weighing
300-400 g with normal Preyer’s reflexes were used in
this study. Twenty-four animals underwent EP mea-
surements. The animals were anesthetized with an i.p.
injection of 35 mg/kg pentobarbital. A catheter was
inserted into the left cervical vein in order to admin-
ister RB (Wako, Osaka, Japan). Body temperature was
maintained at 37.01+0.5°C wusing a thermostatically
controlled heating blanket. The head was fixed in a
head-holder, and the tympanic bulla of the left
temporal bone was opened using a ventral approach
without disturbing the tympanic membrane or ossi-
cles. All animal care and experimental procedures
employed in this study were approved by the Animal
Welfare Committee of the Hamamatsu University
School of Medicine.

Photochemical induction of microvascular injury

A 1-mm wide slip of black paper was placed over a
portion of the second turn of the exposed cochlea to
prevent illumination. RB was dissolved in physiologi-
cal saline (20 mg/ml} and injected through the catheter
over a pericd of 10 s.

DOT 10.1080.0001648021000028131
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The source of illumination was a 75 W xenon lamp
(L-3306-01A; Hamamatsu Photonics, Hamamatsu,
Japan). After passing through a heat-absorbing green
filter, I-mm focused green light was conducted to the
cochlea by means of a 3-mm diameter fiber optic rod,
the tip of which was fixed = 15 mm from the cochlear
wall. The green light was a 54-nm wide band centered
at 540 nm, and its intensity as it exited the rod was =~
8,000 Jux.

The light beam was directed perpendicular to the
cochlear wall. Illumination of the portion of the
cochlea apical to the black paper slip began simulta-
neously with RB injection and continued for 10 min.
Immediately following this, the portion basal to the
black paper was also illuminated for 10 min.

Physiological saline injection without RB and sub-
sequent green light illumination were performed in the
same manner in control animals (n =4).

EP measurement

In 15 experimental ears, surgical wounds were closed
after the completion of illumination and the animals
were returned to their cages. Wounds were reopened
for EP measurement after 3 (n=35), 7 (n=35) and 14
days (n = 5).

Anesthetized guinea pigs were paralyzed with an
im. injection of succinylcholine chloride (15 mg/kg).
A tracheotomy was performed and ventilation was
maintained with a respirator (Mass 0253; Medway,
USA). Using a fine needle, a small hole ( = 50-100
pum) was made in the cochlear bony wall for EP
measurement. Measurements were made using a glass
microelectrode filled with a 150 mM KCl solution. The
tip diameter was a2 pm, and the tip resistance was
<150 MQ. The silver chloride wire within the
microelectrode was connected to a microelectrode
amplifier (MEZ-8300; Nikon Kohden, Japan). The
reference electrode was placed in contact with the
exposed neck muscle. EP measurements were per-
formed at a point in the unilluminated portion of the
cochlea midway between the two illuminated spots on
the second turn. Readings were first adjusted to 0 mV
with the microelectrode tip placed in contact with the
exposed outer surface of the spiral ligament. Next,
with the aid of a three-axial micromanipulator, the
microelectrode was gently advanced through the hole
in the bony wall into the scala media, passing through
the spiral ligament and the SV. Potentials at the
electrode tip were displayed continuously, as a func-
tion of time, on a chart recorder (MEB-5100; Nihon
Kohden).

EP measurements were similarly performed in 9
control ears [illumination with saline injection, 3 (n =
3), 7 (n=3) and 14 days (n=3)]. During the EP
measurement, anoxia was induced by stopping the

respirator for 2 min after attaining a constant EP
valee in order to ascertain the reversibility of a
transient decline in EP due to anoxia. EP values of
experimental animals were statistically compared with
control values using unpaired f-tests.

Morphological study

Scanning electron microscopy. For the scanning
electron microscopy (SEM) study, 16 animals were
decapitated at 3 (n=5), 7 (r=75), 14 (r=15) and 28
days (n = 1) after photochemical treatment, whilst 4
controf animals were processed at 14 days after saline
injection and illumination. Similarly, all animals that
underwent EP measurement were also examined using
SEM, Left temporal bones were dissected out and the
cochleae were perfused with 2.5% glutaraldehyde in a
0.1 M phosphate buffer (pH 7.4). Cochleae were then
immersed in the same fixative overnight, The bony
cochlear wall was removed and the membranous
labyrinth dissected. Specimens were treated in a 2%
tannic acid solution for 2 h and then post-fixed in 1%
buffered osmium tetroxide solution for 1 h. They were
then dehydrated through a graded ethanol series,
mmmersed in methyl propanol, freeze-dried (JFD-300; -
JEOL, Tokyo, Japan}, coated with gold in a sputter
coater (JFC-1100; JEOL) and examined with a scan-
ning electron microscope (Hitachi S-800, Japan).

Diaminobenzidine staining. Four animals were ex-
amined using diaminobenzidine (DAB) staining at 14
(n=2) and 28 days (n=2) after photochemical
treatment. The left temporal bone was dissected out
and perfused with 2.5% glutaraldehyde in a 0.1 M
phosphate buffer (pH 7.4). The cochlea was then
immersed in the same fixative for 1 h. The fixative was
then rinsed from the perilymphatic scalae with phos-
phate-buffered saline (PBS) and the cochlea immersed
in a 3, 3-diaminobenzidine—peroxidase substrate
medium for 1 h, During this time the perilymphatic
scalae were perfused several times with the same
solution to allow better reaction of endogenous
peroxidase in the red blood cells. The cochleae were
then rinsed with PBS and microdissected to remove

_ the lateral wall of the second cochlear turn. The

specimens were put in glycerol and mounted on glass
slides with the endolymphatic surface facing upwards.
Mounted specimens were observed using a light
MICroscope.

Sensory cell counts. Sensory cell counts were per-
formed using SEM images of the unilluminated region
between the two lesions. The number of hair cells in
three OHC rows and one IHC row were counted for
each unit of 10 inner pillar cells (IPCs). About 6-8
OHCs and 5 or 6 IHCs per row are usually present in
this portion of the second turn of a normal cochlea.
Hair cell numbers in experimental animals were
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statistically compared with those in control animals
using a one-way ANOVA. For the evaluation of
significant differences, the Bonferroni/Dunn type of
multiple comparison was used. Data are presented as
means and standard deviations.

RESULTS

SEM examination of 4 control specimens at 14 days
after photochemical treatment revealed no damage to
the SV and no decrease in the number of hair cells, In
contrast, two damaged spots nearly 1 mm in diameter
were observed at the iiluminated site of the SV in all
treated animals. Marginal cells appeared normal in the
unilluminated area between the two lesions (Fig. 14
and B). No damage was found in either the epithelial
cells of the SV or the sensory or supporting cells of the
organ of Corti at off-lesion sites apical and basal to
the lesions in all animals.

The width of the space between the two illuminated
areas of the SV was 8404190, 9004120 and 8904110
pm at Days 3, 7 and 14, respectively and these
differences were not statistically significant.

Both OHCs and IHCs showed marked damage in
the organ of Corti facing the SV lesiens. At Day 3 the
area between the lesions showed a slight decrease in
the number of OHCs compared to the off-lesion sites.

IHCs were intact in this area {Fig. 1C). The number of
OHCs was not significantly reduced at Day 3. At Days
7, 14 and 28, however, the number of damaged OHCs
was markedly increased, especially in the first and
second rows. The cuticular plates of the OHCs
disappeared and were replaced by the surrounding
supporting cell surface. OHC damage was seen to
progress slowly (Fig. 24 —D). The IHCs did not show
any changes, in spite of marked damage to the OHCs,
for up to 28 days,

DAB staining revealed that the strial vascular
supply to the lesion had completely disappeared,
whilst the vascular pattern between the (wo illumi-
nated areas appeared intact (Fig. 3).

In the region between the two lesions, the numbers
of OHCs in the first and second rows were signifi-
cantly decreased compared to control values at Days 7
and 14 (p < 0.001) (Table ). Also, the mumbers of
OHGC:s in the first and second rows were significantly
decreased compared to the number in the third row
{(p < 0.001) at Day 14 (Fig. 4).

EP values are shown in Table II. Average EP values
for control animals were 83.042.0, 79.7+1.5 and
747459 mVat Days 3 (n=3),7(n=3)and 14 (r =
3), respectively. Average EP values for treated animals
were 17.447.0, 19.04+6.6 and 80.0+7.1 mV at Days 3

Fig 1. SEM view of the
second turn of the cochlea
with two SV lesions at 3
days. (4) Two lesions (aster-
isks) are seen =1 mm
apart. Bar=300 pm. (B)
Strial marginal cells in the
region between the two le-
sions. Bar=12 um. (C)
Magnified view of the left
lesion in (A4). Bar = 100 pm.
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(n=25), 7 (n="5) and 14 {(n=75), respectively. There
were significant declines compared to control values
(p <0.001) at Days 3 and 7; however, there was no
significant decline at Day 14. Fig. 5 shows two SV
lesions = 1 mm apart with the electrode insertion hole
used for EP measurement between them.

DISCUSSION

In the present study two ischemic SV lesions were
produced in the same cochlear turn by photochemical
reaction without surgical or heat damage. In our
previous studies (4, 10), focal lesions produced by
photochemical reaction proved to be segmentally
avascular. In the present study, double lesions showed
gsimilar avascular changes, although the area between

Fig. 2. OHGCs and IHCs lo-
cated between the two SV le-
sions. OHCs in the first and
second rows progressively dis-
appeared between Days 3 (4)
and 28 (D). IHCs remained
intact. (B} 7-day specimen.
(C) 14-day specimen. Bars=
25 pm.

the two lesions was normally vascularized, as shown
by DAB staining. This segmental vascular distribution
of the lateral wall probably results from the unigue
structure of the radiating arteriole system of the
cochlea. In this model, not only the OHCs and
IHCs facing the lesions, but also the OHCs facing
the region between the two lesions, were damaged.
Moreover, disappearance of the OHCs facing the
region between the two lesions was more prominent
in the first and second rows, OHC loss in this region
progressed more slowly than that in the ischemic
lesions.

Hakuba et al. {11) reported that a 5-min occlusion
of the vertebral artery in gerbils caused hair cell
degeneration mainly in the IHCs. In the present study,

Fig 3. Capillaries of the cochlear lateral wall stained with DAB in 14-day specimens. The vascular pattern of the SV between
the two illuminated areas appears normal, but all vascular supply has disappeared to the illuminated areas (asterisks). Bar =

500 pm.
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Table I. Numbers of hair cells {(mean+SD) per 10 IPCs in controls and experimental animals

Experimental animals

Type of hair cells Controls 3 days 7 days 14 days
THCs 5.430.1 52403 52406 54403
OHCs
Third row 6.740.3 48+1.9 48+17 55405
Second row 6.74+0.2 44+1.5 2.0£2.2* 23+14*
First row 6.8+0.2 4940.6 2.6+1.8* 2.741.5%
* p <0.001 vs controls.
ethacrynic acid has been reported to cause the collapse
w 10r and splaying of OHC stereocilia (12) and the loss of
T " * cross-links between stereocilia (13); however, no in-
8 3 sk ! ' vestigators have observed the disappearance of the
'-EC_U 8 * OHC:s seen in the present study. Pratt and Comis (14)
. @ I | observed the effects of chronic administration of loop
% S BF -T- diuretics to guinea pig cochlea. They reported that
o5 changes occurred mainly in the organ of Corti, as
o] s 4 b opposed to the SV, without mentioning the details of
E o such changes. Matz et al. (15) reported extensive OHC
=0 loss in the basal turn of the cochlea in a patient treated
22 2 with a loop diuretic. However, this patient was
concomitantly administered an aminoglycoside anti-
0 biotic, so in this case OHC damage might have been
— caused by a synergistic effect.
3 2 1 Why does degeneration of OHCs occur between the
row lesions? One possibility is the effect of excessive

Fig. 4. Average numbers of OHCs facing the arca between
the two SV lesions at 14 days. The numbers of OHCs in the
first and second rows were significantly reduced compared
with that in the third row. *p <0.001.

THC:s facing the unilluminated region between the two
lesions were almost totally intact, so it would not
appear that severe ischemia occurred in the modiolar
area of this region. Thus, circulation disorder is
probably not the cause of OHC loss. Could it instead
be the decline in EP values that caused hair cell
damage?

The administration of loop diuretics such as etha-
crynic acid is known to decrease the potassium
concentration of the endolymph, resulting in a de-
crease in the EP. Acute ototoxicity induced by

glutamic acid in the perilymph, as reported in a
transient cochlear ischemic experiment (11). Glutamic
acid may have a cytotoxic effect on the OHCs, such as
that found in ischemic brain tissue (16). The problem,
however, is that glutamic acid receptors have not been
found to date in the OHCs of the guinea pig cochlea.
Another possibility is the participation of free radicals.
Disappearance of OHCs, predominantly in the first
and second rows, has been reported as a result of
ototoxic drug administration (17) and in lateral wall
damage produced by photochemical reaction using a
tangentially irradiating beam (8). In such cases free
radicals might be suspected of playing a role. At
present it is not possible to decide whether f{ree
radicals or glutamic acid are causative factors in hair
cell loss confined to the OHCs. However, considering

Table 1. Sequential changes in EP {mean+SD) in controls and experimental animals

Time (days)

Group 3 7 14 n
Controls 83.0+2.0 78.7+1.5 74.745.9 3
Experimental animals 17.4+7.0% 19.0+6.6* 80.01+7.1 5

* p <0.00] vs controls.
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Fig. 5. SEM image of a 3-day specimen showing two SV lesions (asterisks) and the hole (arrowhead) for EP measurement.

Bar =150 um.

these morphological changes, we strongly suspect that
free radicals participated in the change in OHCs in the
area between the lesions. An experiment is ongoing to
examine the alleviating effect of free radical scavengers
on damage in this area using the same animal model.
The normal EP value for the scala media of guinea
pigs is generally accepted as being = 480 mV. SV
changes are thought to greatly influence the EP values.
For instance, low EP values were reported in Ws rats
and Wv mice with congenital strial agenesis (18).
However, Wu and Hoshino (19) reported that small
photochemically induced strial lesions caused a de-
crease in EP that recovered 1-2 weeks later. In the
present study, the EP in the region between the two SV
lesions showed a recovery similar to that observed by
Wu and Hoshino. These findings suggest that if acute
strial damage occurs and the damaged area is rela-
tively small compared with the total area of the SV, the
EP value may be restored after a transient decline.
As the marginal cells and vascular net appeared
normal in the region between the two lesions, the
reason why EP in that region should decrease is not
clear. Wu and Hoshino (19, 20) reported that EP
values recorded apically to a photochemically induced
small lateral wall lesion showed a decrease at 3 days
and a recovery to pre-illumination levels at 14 days in
the absence of any structural changes. This apical-
wards suppression of EP in the SV was first reported
by Okumura (21). He tried to attribute this phenom-
enon to a disorder of the electrical circuit of the
cochlea. No proof, however, has so far been obtained
to explain the apicalwards suppression of EP from a
localized strial lesion. A basalwards flow of the
endolymph and a subsequent change in the endo-
lymph ion content are also unlikely to explain the
decrease in EP. Endolymph circulation is supposed to
mostly occur radiaily (22) and the longitudinal flow of
the endolymph is very slow in the cochlear duct (23).
The mechanism responsible for the decrease in EP
found in the present study would seem to be the same
as that found in a localized single lesion (7), but a clear
explanation of this mechanism has not yet been found.

A decrease in EP causes sensorineural hearing loss.
Namely, a decrease in EP occurs in parallel with
reductions in cochlear microphonics, summating po-
tential and compound action potential, Every millivolt
loss of EP results in ~1 dB of threshold elevation
(24). The decrease in and recovery of EP after 2 weeks
in a localized arca of the second turn of the cochlea
found in the present study would presumably cause a
transient elevation in hearing threshold for limited
frequencies. Even though EP recovers after 2 weeks,
some distortion of tone perception might possibly
remain due to OHC loss in that region. Careful
investigation using methods for examining OHC
function, such as distortion product otoacoustic
emissions, may detect subtle changes due to localized
OHC ioss.

In conclusion, the double lesions in the SV caused a
reversible decrease in EP and irreversible OHC loss in
the region between the lesions. It is speculated that
multiple small skipped lesions in the SV produced
widespread cochlear dysfunction.
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Adaptation of Japanese Version of the Hearing Handicap Inventory for Aduits (HHIA)

Minako Sato, M.D., Kaoru Ogawa, M.D., Yasuhiro Inoue, M.D.
and Masatsugu Masuda, M.D.

Department of Otolaryngology, School of Medicine, Keio University, Tokyo

We used social and emotional approaches to psychologically evaluate hearing disorders, translating the Hearing

Handicap Inventory for Adults (HHIA) inte Japanese and using it to evaluate Japanese adults with sensorineural hearing

loss. The HHIA is a 25-item self-assessment scale composed of 2 subscales, emotional and social/situational, which has

been used to evaluate adult patients with hearing disorders in Europe and North America.

The testretest reliability of the Japanese version and its screening version (HHIA-S) were excellent (kappa coeffi-

cients were 0.912 and 0. 842}, Due to the limitation of social/situational items, test-retest reliability was only good (0.6

< kappa coefficient<0. 8), possively because of problems in translating these items.

We discovered that the average of scores of the HHIA Japanese version was higher in bilateral hearing disorder pa-

tients than in those with unilateral hearing disorder. This score peaked in 2 to 10 years after onset and decreased there-

after in bilateral hearing disorder patients. The correlation coefficient between the average hearing level of 7 frequencies

and scores of the test was highest among the 4 audiological evaluations.

The HHIA Japanese version is thus useful for following up patients with hearing disorders.

Keywords : hearing disorder, HHIA, psychological evaluation, coefficient
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BLOOD FLOW IN THE EARS OF PATIENTS RECEIVING COCHLEAR
IMPLANTS

TsuToMU NAKASHIMA, MD
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MITSUO TOMINAGA, MD

MICHIHIKO SONE, MD
MAKOTO SUGIURA, MD
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We measured cochlear blood flow (CBF) in 55 patients who received cochlear implants, using a laser-Doppler probe placed over
the site of drilling in the cochlear bony wall. The subjects included 29 patients with congenital deafness of unknown cause, 8 with
idiopathic progressive sensorineural hearing loss, 4 with postmeningitic deafness, 3 with Waardenburg’s syndrome, 3 with congeni-
tal eytomegalovirus infection, and 8 whose deafness had other causes. There was a wide range of CBF values in patients with
congenital deafness of unknown cause. In the patients with idiopathic progressive sensorineural hearing loss, the CBF was signifi-
cantly lower in patients more than 40 years old. Intracochlear calcification following meningitis appears to be associated with a

reduced CBF.

KEY WORDS — cochlear blood flow, cryopreserved embryo, intrauterine aminoglycoside ototoxicity, laser-Doppler flowmetry,

mitochondrial point mutation, profound hearing loss.

There have been many reports of hearing loss sup-
posedly caused by blood flow disturbance in the co-
chlea. However, direct evidence of this is still lack-
ing in most cases.! This is because the cochlea is
surrounded by bone that prevents direct observation
of blood vessels, unlike the ocular fundus. The co-
chlea is not large enough for angiography, as can be
used in the brain.

Laser-Doppler flowmetry has been used to evalu-
ate cochlear blood flow (CBF) experimentally and
clinically. We showed that CBF could be measured
during cochlear implantation surgery by placing a
laser-Doppler probe to the site in which the cochlea
has been opened.? It is also possible to evaluate CBF
more directly by inserting the tip of the probe into
the scala tympani to avoid measuring the blood flow
of the bone surrounding the cochlea. Using this meth-
od, we have measured CBF in 55 patients who re-
ceived cochlear implants, and here present the re-
sults according to the cause of deafness and the age
of the patients.

MATERIALS AND METHODS

Procedure. All parents of the children and all adult
patients received an explanation of the method and
purpose of the study and provided their informed con-
sent. The methods for blood flow measurement have
been described previously in detail.2 Briefly, CBF
was measured with a laser-Doppler flowmeter (model
ALF 21, Advance, Tokyo, Japan) with the patient

under general anesthesia with sevoflurane and nitrous
oxide. The outer diameter of the probe was 0.8 mm,
and the fiber separation between the exciting and re-
ceiving optic fibers was 0.3 mm. The tip of the probe
was attached manually to the site of drilling for co-
chlear implantation. We measured blood flow before,
during, and after the cochlear bony wall had been
opened, placing the tip of the probe as follows: 1) on
the mucous membrane of the promontory; 2) on the
bone after the mucous membrane of the promontory
had been removed; 3) when the bony wall had been
drilled halfway through; 4) when the bony wall had
been drilled down to the mucous membrane sur-
rounding the perilymph; and 5) inside the perilymph.

The measurements could not be done at some posi-
tions if it was considered that the drilling had pro-
ceeded too deep for safe measurement, but final CBF
measurements were performed in all 55 patients with
the tip of the probe inside the perilymph.

Patients. We studied 55 patients who were receiv-
ing cochlear implants. There were 32 who were male
and 23 who were female, and their ages ranged from
1 to 66 years. Table 1 shows the patients according
to the cause of deafness and the number of patients
in each group.

In group A, there were 3 who were 1 year of age,
13 who were 2 years of age, 10 who were 3 years of
age, 2 who were 4 years of age, and 1 girl who was
16 years of age. For these patients, it was estimated
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TABLE 1. PATIENTS RECEIVING COCHLEAR
IMPLANTS

No. of
Patienis (Sex)

29 (19M, 10F)

Group Category

A Congenital deafness of unknown
cause

B Idiopathic progressive sensorineural 8 (2M, 6F)
hearing loss

C Postmeningitic deafness 4 (all M)

D  Waardenburg’s syndrome 3@ILE)

E Congenital cytomegalovirus infection 3 (all M)

F  Other causes 8 (4M, 4F)

that at least 2 patients (a 3-year-old boy and the 16-
year-old girl) had hereditary deafness because 1 of
their siblings was deaf, but the cause was unknown.
A 2-year-old boy with congenital deafness of un-
known cause was born from a cryopreserved and
thawed embryo after in vitro fertilization.

In group B, the ages ranged from 4 to 55 years,
and the average age was 30.8 years. In group C, there
were 3 children and 1 adult. Cochlear ossification
and narrow perilymphatic spaces were demonstrated
by magnetic resonance imaging (MRI) and computed
tomography (CT) in the group C patients. A narrow
perilymphatic space of the cochlear basal turn was
found bilateralty in 2 of these patients and unilater-
ally in the other 2. In the 2 patients with bilateral
changes, cochlear implantation was performed on the
less affected side. In 2 patients with unilateral changes,
cochlear implantation was performed on the side in
which no abnormal findings were recognized by MRI
and CT.

In groups D and E, the patients were 2 or 3 years
old. In group F, there was a 17-year-old boy with the
CHARGE association (coloboma of eye, heart anom-
aly, choanal atresia, retardation, and genital and ear
anomalies), a 46-year-old woman with a mitochon-
drial DNA point mutation, a 3-year-old girl with large
vestibular aqueduct (LVA) syndrome, a 3-year-old
boy with narrow internal auditory canals, a 4-year-
old girl whose hearing had decreased after she had
measles, a 6-year-old boy whose hearing had de-
creased after typhoid fever, a 53-year-old man with
sudden deafness, and a 66-year-old woman with Me-
niere’s disease.

The patient with the CHARGE association had mi-
crophthalmia. He had hypoplastic cochleas and no
semicircular canals on either side. Because his hear-
ing level deteriorated gradually and conversation be-
came difficult in spite of hearing aids, he received
cochlear implants when he was 17 years old. One
patient with a mitochondrial DNA point mutation suf-
fered fetal streptomycin ototoxicity when her mother
had tuberculosis during pregnancy. Because her
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Fig 1. Cochlear blood flow (CBF) in each patient in 6
groups. Group A — congenital deafness of unknown
cause; group B — idiopathic progressive sensorineural
hearing loss; group C — postmeningitic deafness; group
D — Waardenburg’s syndrome; group E — congenital
cytomegalovirus infection; group F — other causes.

mother subsequently developed profound deafness,
the patient had never received streptomycin after birth.

- However, her hearing level deteriorated gradually and

she became profoundly deaf when she was about 42
years old. She received cochlear implants when she
was 46 years old. Mitochondrial DNA analysis re-
vealed a point mutation at nucleotide position 1555,
but she had no symptoms other than those of her au-
ditory system.

Statistical Analysis. Data concerning age, gender,
laser-Doppler CBF output measured at the 5 posi-
tions listed above, and causes of deafness were en-
tered into a computer and analyzed with STATA. Dis-
tributions of numerical data are reported as mean +

SD.
RESULTS

Figure 1 demonstrates the values of the laser-Dop-
pler output with the tip of the probe inside the peri-
lymph in each group of patients. The overall CBF
was 4.5 X 2.6 (arbitrary units). The CBF was less
than one third of the average in 2 patients with con-
genital deafness of unknown cause, in 3 patients with
idiopathic progressive sensorineural hearing loss
(IPSNHL), in 1 patient with postmeningitic deafness
and cochlear calcification, and in 1 patient with nar-
row internal auditory canals.

In 29 patients with congenital deafness of unknown
cause {group A), the CBF measured when the tip of
the probe was inside the perilymph was 5.0 + 2.6.
The CBFs in the 3-year-old boy and the 16-year-old
girl whose siblings were deaf were 7.5 and 2.7, re-
spectively. In the patient born from a cryopreserved
and thawed embryo, the CBF was 4.7.

In 8 patients with IPSNHL (group B), the mean
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TABLE 2. COCHLEAR BLOOD FLOW OF PATIENTS
WHO RECEIVED COCHLEAR IMPLANTS AFTER

MENINGITIS
Interval  Narrowing Cochlear
Benrween of Basal  Blood
Age at Meningitis Turn on Flow
Cochlear and Cochlear  Side of (arbitrary
Pt Implantation Sex Implantation Operation  units)
1 59y10mo M 1y9mo Yes 1.1
2 3y8mo M 11 mo No 47
3 1lyl0me M 4 mo Yes 1.7
4 3y5mo M 2y 8 mo No 8.9

CBF was 3.9 + 3.0. The CBF volume was signifi-
cantly smaller in the patients more than 40 years of
age (0.9 £ 0.5, n = 3) than in those less than 40 years
of age (5.7 £ 2.2, n = 5). In a 53-year-old patient
with IPSNHL, the perilymphatic space of the basal
turn was partially occluded by fibrous tissue.

Table 2 shows the CBFs in 4 patients with post-
meningitic deafness (group C). A narrow perilymphat-
- ic space was recognized bilaterally in patients 1 and
3. In patients 2 and 4, a narrow perilymphatic space
was recognized unilaterally by MRI and CT, and
cochlear implantation was performed on the side in
which no abnormalities were found. The CBF was
low in the cochleas with a narrow perilymphatic space.

The CBF was 3.6 % 1.3 in the patients with Waar-
denburg’s syndrome (group D) and 3.5 + 1.6 in pa-
tients with congenital cytomegalovirus infection
(group E). The CBFs were 2.9 in the patient with the
CHARGE association, 3.1 in the patient with intra-
uterine streptomycin ototoxicity, 3.3 in the patient
with LVA syndrome, 1.4 in the patient with narrow
internal auditory canals, 9.2 in the patient whose hear-
ing decreased after measles, 6.9 in the patient whose
hearing deteriorated after typhoid fever, 2.3 in the pa-
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Fig 2. Relationship between age and CBF in all patients.
CBF was measured when tip of probe was inside peri-
iymph.
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Fig 3. Relationship between blood flow measured on
promontory mucous membrane and CBF.

tient with sudden deafness, and 5.1 in the patient with
Meniere’s disease. In the patient whose hearing de-
creased after typhoid fever, the perilymphatic space
of the basal turn was partially occluded by fibrous
tissue.

Figure 2 shows the overall relationship between
the CBF and the age of the patients as a whole. The
percentage of patients with a low CBF tended to be
greater in adults; however, this difference was not
statistically significant.

The laser-Doppler output measured when the tip
of the probe was placed on the mucous membrane of
the promontory before drilling was 12.3 £ 8.6 (n =
50). In 3 patients, this measurement was not made
because epinephrine (0.05%}) was applied to the mu-
cous membrane to stop bleeding. In 2 patients with
otitis media with effusion, the measurement on the
mucous membrane was omitted for the present study.
Figure 3 shows a positive correlation between the
values of the laser-Doppler output measured when
the tip of the probe was attached to the mucous mem-
brane and those measured when the tip of the probe
was inserted into the perilymph (p < .001).

When the tip of the probe was put on the bone
surface after removal of the mucous membrane, the
laser-Doppler output decreased significantly (4.9 &
3.3, n=41). Figure 4 also shows a positive correla-
tion between the laser-Doppler outputs measured
when the tip of the probe was attached on the bone
surface and those measured when the tip of the probe
was inserted into the perilymph (p < .001).

The mean output measured when one half of the
bone had been drilled was 3.7 + 2.1 (n = 50), and the
mean output measured when the tip of the probe was
put on the membrane surrounding the perilymph was
3.8 £3.2 (n =26). There were also significant corre-
lations between the values measured when the tip of
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