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Abstract. - BACKGROUND AND OBJECTIVES,
Exfoliation syndrome is characterized by the pro-
duction and accumulation of abnormal extracellu-
lar material in many ocular and extraocular tis-
sues. The aim of the present prospective case-
control clinical study was to evaluate the effect of
exfoliation syndrome on prevalence and severity of
sensorineural hearing loss.

MATERIALS AND METHODS, In the study par-
ticipated 94 ears of patients with unilateral or bilat-
eral ocular exfoliation syndrome (study group) and
44 ears of individuals without the syndrome (con-
trol group). Subjects with a history of conditions
affecting hearing function and patients with con-
ductive or mixed hearing loss, glaucoma or ocular
hypertension were excluded from the study. All
participants underwent pure-tone audiometry with
air and bone conduction. During audiometry, the
eventual sensorineural hearing loss and its severi-
ty was determined for each ear, at frequencies of
250, 500, 1000, 2000, 4000 and 8000 Hz (Hertz).

RESULTS, The mean age of participants was
74.7 years in both groups. Differences in age and
gender distribution between the two groups were
not statistically significant. Compared to control
group, study group displayed: (1) Significantly
higher prevalence rates of hearing loss at frequen-
cies of 1000, 2000, 4000 and 8000 Hz (p = 0.007). (2)
More severe hearing loss at frequencies of 4000
and 8000 Hz (p < 0.001).

CONCLUSIONS, The above results demonstrate
an effect of exfoliation syndrome on prevalence
and severity of sensorineural hearing loss. These
findings verify the theory that this syndrome is not
only an ocular disease, but also a systemic disor-
der with potential otological complications.
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Introduction

Exfoliation syndrome is an age-related disor-
der, characterized by the production and the pro-

gressive accumulation of abnormal fibrillar extra-
cellular material in many ocular and extraocular
tissues'. Ocular manifestations of the syndrome
involve almost all structures of the anterior eye
segment (cornea, iris, pupillary border, lens, cil-
iary body, zonules, anterior chamber angle, tra-
becular meshwork), but even the conjunctiva and
the orbita?. Ocular exfoliation-like deposits have
also been discovered in the skin, the cerebral
meninges and in various visceral organs, such as
heart, lung, liver, gall bladder and kidney*.

The diffuse localization of exfoliative material
has been considered as a cause of numerous ocu-
lar and extraocular complications, such as open-
angle and angle-closure glaucoma, lens opacifi-
cation, complications in cataract surgery, retinal
vascular occlusion, age-related macular degener-
ation, Alzheimer’s dementia, arterial hyperten-
sion, stroke, abdominal aortic aneurysm and
coronary artery disease®!*.

The prevalence of exfoliation syndrome in-
creases with age? and geographic prevalence
rates vary in different regions, from 5% in
France® to 30% in Iceland'®. An association of
the syndrome with multiple inheritance patterns
has been reported!”.

Sensorineural hearing loss is associated with
pathologies of the inner ear, cochlear nerve and
auditory cortex!'8. Possible causes include age
(presbyacusis), noise (occupational hearing loss),
oto-toxic drugs, chemical substances, trauma,
vascular, neurological and systemic diseases,
congenital, autoimmune and metabolic syn-
dromes, infections, tumours, Meniere’s disease,
perilymph fistula etc'®. Sensorineural hearing
loss may also occur in combination with oph-
thalmic diseases in cases of various syndromes
(ex. Usher, Alport and Stickler’s syndrome), in-
fections during pregnancy (ex. congenital
syphilis and rubella), retinitis pigmentosa, Pe-
ters” anomaly and Behget’s disecase?*?!,
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Patients and Methods

Selection and Exclusion Criteria

The present prospective case-control clinical
study was conducted to evaluate the effect of the
exfoliation syndrome on the prevalence and
severity of sensorineural hearing loss. The study
sample was collected from candidates for
cataract surgery, in the out-patients section of 1%
Department of Ophthalmology, at Red Cross
General Hospital, Athens. Study group subjects
manifested exfoliation syndrome in one or both
eyes, whereas control group subjects did not
manifest any clinical signs of the syndrome in ei-
ther eye. Both groups were chosen to have simi-
lar demographic characteristics. Medical history
and informed consent were obtained from all
participants. The study was approved by the Hos-
pital’s Ethics Committee and was conducted in
accordance with the ethical principles of the De-
claration of Helsinki.

Exclusion criteria from the study were history
of congenital or acquired hearing loss, previous
ear surgery, acute or chronic ear diseases, ear or
head trauma, noise exposure, intake of oto-toxic
drugs, concurrent infection of upper respiratory
system, glaucoma, ocular hypertension without
antiglaucoma medication and various vascular
and systemic diseases or autoimmune and meta-
bolic syndromes that may be related to sen-
sorineural hearing loss (ex.uncontrolled diabetes
mellitus or hypertension, coronary artery disease,
stroke, sarcoidosis, sickle-cell disease, lupus ery-
thematosus, Behget’s disease, hypothyroidism).

Examinations

All participants in the study underwent a com-
plete ophthalmologic and otologic assessment.

The ophthalmologic assessment was per-
formed by the same examiner (TP) and included
measurement of Snellen best-corrected visual
acuity, slit-lamp biomicroscopy, Goldmann ap-
planation tonometry, gonioscopy, dilated fun-
doscopy with a +90 dioptre non-contact lens and
selectively visual field testing. Exfoliation syn-
drome was diagnosed on presence of exfoliative
material on the iris surface, the corneal endothe-
lium, the trabecular meshwork and/or on the cen-
tral area of the anterior lens capsule after pupil
dilation, in either eye. These findings were con-
firmed by an ophthalmologist not participating in
the study. The diagnosis of ocular hypertension
was based on measurement of intraocular pres-
sure >21mmHg. The diagnosis of glaucoma was

based on the observation of typical glaucomatous
optic nerve head damage during fundoscopy and
in cases of ambiguous findings, on the presence
of glaucomatous visual field defects. Visual field
testing was performed using the central 30-2 pro-
gram of the Humphrey 740 automated perimeter
(Humphrey Systems, Dublin, CA, USA).

The otologic assessment was also performed by
the same examiner (MC) and included ear inspec-
tion and palpation, otoscopy, nasopharyngeal ex-
amination, tuning fork testing and pure-tone au-
diometry. Pure-tone audiometry was performed
using the Orbiter 922-2 clinical audiometer (Mad-
sen Otometrics, Copenhagen, Denmark). During
audiometry, air and bone method of sound con-
duction was applied, in order to differentiate be-
tween sensorineural hearing loss and conductive
or mixed hearing loss. Subjects with conductive or
mixed hearing loss were excluded. Consequently,
the hearing threshold (minimal intensity of per-
ceptible sound) was calculated for every ear, using
air and bone conduction, at frequencies of 250,
500, 1000, 2000, 4000 and 8000 Hz (Hertz). Test-
ing began approximately 40 dB (Decibel) above
the expected threshold at each frequency, contin-
ued with 10 dB descending steps below threshold
and was completed with 5 dB ascending steps un-
til 2 of 4 sounds were heard.

To investigate the prevalence and severity of
sensorineural hearing loss, the above frequencies
were divided into 3 groups of low (250 & 500
Hz), medium (1000 & 2000 Hz) and high (4000
& 8000 Hz). Ears with average hearing thresh-
olds >25dB HL (Decibel hearing level) in each
frequency group were classified as having sen-
sorineural hearing loss at the respective frequen-
cies. The severity of sensorineural hearing loss
was assessed according to the scale of the Ameri-
can national standards institute (ANSI) 1969, as
follows: 0-25dB HL=normal hearing, 26-40dB
HL=mild sensorineural hearing loss, 41-55dB
HL=moderate, 56-70dB HL=moderately severe,
71-90dB HL=severe and >90dB HL=profound?.

Statistical Analysis

Statistical analysis was performed with SPSS
statistical software (SPSS for Windows, version
15.0, SPSS Inc., Chicago, IL, USA). Normality of
data distribution was checked by Kolmogorov-
Smirnov’s test. Differences in age and gender dis-
tribution between study and control groups were
examined using unpaired Student’s t-test and Pear-
son’s x2-test respectively. Audiometry data for
prevalence and severity of hearing loss were
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analysed by Pearson’s x>-test. A p-value <0.05
was considered to indicate statistical significance.
Study power analysis yielded an adequate power
of 84% for the detection of significant differences
between study and control groups.

Results

138 ears of 69 subjects participated in the study,
that included 94 ears of 47 patients (23 males, 49%)
with exfoliation syndrome constituting the study
group and 44 ears of 22 individuals (9 males, 41%)
without the syndrome constituting the control
group. All study group patients manifested the syn-
drome in at least one eye. The mean age of partici-
pants was 74.7 years in both groups. The median
age was 76 years in the study group and 75 years in
the control group. Differences in age and gender
distribution between the two groups were not statis-
tically significant (p = 0.985 and p = 0.378 for age
and gender distribution respectively).

Results from Kolmogorov-Smirnov’s test
demonstrated that distribution of audiometry data
was normal at all examined frequencies (p > 0.05).
Age distribution of the examined subjects was also
normal (p = 0.133). Hearing thresholds were iden-
tical for both air and bone conduction audiometry,
in all examined subjects at each frequency, signify-
ing pure sensorineural hearing loss or normal hear-
ing. No clinically significant differences were
found between the hearing thresholds of left and
right ear in any of the 69 subjects.

Prevalence of sensorineural hearing loss was
studied at 3 different frequency groups (as de-
scribed in methods) and calculated in number
and percentage of ears with average hearing
thresholds >25dB HL in each group. Depending

on the tested frequencies, sensorineural hearing
loss was found in 54-92 of 94 ears (57-98%) in
the study group and in 18-38 of 44 ears (41-86%)
in the control group. Study group subjects dis-
played significantly higher prevalence rates com-
pared to control group subjects at medium and
high frequencies of 1000, 2000, 4000 and 8000
Hz (p = 0.007), but not at low frequencies of 200
and 500 Hz (Table I, Figure 1).

Severity of sensorineural hearing loss was also
studied at 3 different frequency groups. In the
study group 5-36 of 94 ears (5-38%) had mild
sensorineural hearing loss, 16-33 (17-35%) mod-
erate, 1-33 (1-35%) moderately severe and 1-35
(1-37%) severe, depending on the tested frequen-
cies. In the control group 10-14 of 44 ears (23-
32%) had mild sensorineural hearing loss, 4-14
(9-32%) moderate, 0-14 (0-32%) moderately se-
vere and 0-5 (0-11%) severe, depending on the
tested frequencies. Study group subjects dis-
played more severe sensorineural hearing loss
compared to control group subjects at high fre-
quencies of 4000 and 8000 Hz (p < 0.001), but
not at low and medium frequencies of 250, 500,
1000 and 2000 Hz (Table II, Figure 2).

Discussion’

The above results advocate for an effect of ex-
foliation syndrome on both prevalence and sever-
ity of sensorineural hearing loss.

Higher prevalence of sensorineural hearing
loss in patients with exfoliation syndrome has al-
ready been reported in some previous studies® .
However, only one study has assessed the severi-
ty of sensorineural hearing loss, reporting no as-
sociation with exfoliation syndrome?®.

Table I. Prevalence of sensorineural hearing loss in study and control groups at different frequencies, calculated in number

and percentage of ears.

Frequencies Study group

Control group Statistics (x>-test)

Low 250 & 500 Hz 54 (57%)
Medium 1000 & 2000 Hz 76 (81%)
High 4000 & 8000 Hz 92 (98%)

18 (41%) p=0.070
OR = 1.950

95% CI = (0.943-4.034)
p=0.007

OR =2.923

95% CI = (1.326-6.445)
p=0.007

OR =7.263

95% CI = (1.403-37.605)

26 (59%)

38 (86%)

Hz = hertz, OR = odd’s ratio, CI = confidence interval.
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Figure 1. Prevalence of sensorineural hearing loss at different frequencies. SG = study group, CG = control group.

Our findings support evidence from previous re-
search on the prevalence of sensorineural hearing
loss in exfoliation syndrome. However, they pro-
vide a totally new finding, that is the statistically
significant effect of the syndrome on the severity
of sensorineural hearing loss at high frequencies.

Compared to previous investigations, the present
study referred the effect of exfoliation syndrome
on the prevalence and severity of sensorineural
hearing loss in a more thorough manner, focusing
into 3 different frequency groups, instead of con-
sidering only 1 group with all tested frequencies.
Additionally, the study methodology has advan-
tages, because the candidate exclusion criteria
were more detailed and the audiometric testing in-
volved a greater number of frequencies, covering
the entire audible frequency range. In conclusion,
an important feature differentiating the study from

all previous ones was the exclusion of glaucoma-
tous patients, in order the effect of exfoliation syn-
drome on hearing loss to be isolated and to be ex-
amined in a more objective way.

The relationship between glaucoma and hear-
ing loss is not clear, according to the contradict-
ing results from various reports. Some studies
did not demonstrate any association of glaucoma
or optic nerve ischemic disorders with hearing
loss?*?”. Exception though was found for normal
tension glaucoma® and glaucoma combined with
specific congenital syndromes and degenerative
diseases, such as Stickler’s syndrome, abdominal
aortic aneurysm-deafness syndrome and familial
deafness with iris degeneration®!-*%.

The pathogenesis of sensorineural hearing loss
in exfoliation syndrome may be explained by the
following hypotheses:

Table Il. Severity of sensorineural hearing loss in study and control groups at different frequencies, calculated in number and

percentage of ears.

Sensorineural hearing loss
Study group Control group

Statistics

Frequencies Mi MO MS SE PR Mi MO MS SE PR | (¢’ test)

Low 250 & 500 Hz 36 16 1 1 0 14 4 0 0 0 p=0.367
38% 17% 1% 1% 0% 32% 9% 0% 0% 0%

Medium 1000 & 2000 Hz |30 33 12 1 0 10 14 2 0 0 p=0.064
32% 35% 13% 1% 0% 23% 32% 4% 0% 0%

High 4000 & 8000 Hz 5 19 33 35 0 10 9 14 5 0 p <0.001
5% 20% 35% 37% 0% 23% 202 32% 11% 0%

Hz = hertz, MI = mild, MO = moderate, MS = moderately severe, SE = severe, PR = profound.

905



T.A. Papadopoulos, M. Charalabopoulou, I. Vathylakis, P Goumas, S. Gartaganis, S. Naxakis

Severity of hearing loss (per frequency group)

40% Freq
O Low
35% 1 2 & Medium
u H High
[ =::
0 i
%5 25%
&
&5 20% i
(= b
§ i =
£ 15% - |
o :
10% 1 55{ :::
% | Ll | 1 .- I
0% L B # [ i I
e} o = % T o] i = e 2
= o Z i) = o (7]
= | 8 |88 2|23 |2 | 5§ |28 & |3
2 (82| & | g2 |82 & | ¢
= B i = T T
| = =
3G cG

* The deposition of exfoliative material in the or-

gan of Corti of the inner ear may affect the
transmission of vibration energy to the neu-
rosensory hair cells and induce alterations in the
chemical composition of the surrounding envi-
ronment®!. This hypothesis is supported by the
common embryological derivation of the anteri-
or segment structures of the eye affected by ex-
foliation syndrome and the tectorial and basilar
membranes of the organ of Corti*.

The relationship between exfoliation syndrome
and age-related hearing loss (presbyacusis) may
be attributed to similarities in the pathologic and
biochemical findings of these conditions or to
common predisposing factors, such as age, cellu-
lar stress (oxidation, ischemia-hypoxia) and insuf-
ficiency of cellular protection mechanisms?33-%,
The deposition of exfoliative material on the
vascular walls may impair the blood supply to
the inner ear and the temporal lobe, resulting
in a dysfunction of the acoustic receptors and
the auditory cortex®*. It has been reported that
disorders in the blood supply to the brain and
the inner ear (ex. due to migraine, hypervis-
cosity or vertebrobasilar occlusion) are possi-
ble causes of sensorineural hearing loss®”%.

Conclusions

The effect of exfoliation syndrome on preva-

Figure 2. Severity of sensorineural hearing loss at different frequencies. SG = study group, CG = control group.

evidence from previous researches, verify the theo-
ry that this syndrome is not only an ocular disease,
but also a systemic disorder with potential otologi-
cal complications. Consequently, we recommend
an evaluation of hearing ability with audiometric
testing in patients with exfoliation syndrome, be-
sides the routine ophthalmologic examination.
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