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OTOLOGY

Inner ear involvement in Anderson-Fabry disease:
long-term follow-up during enzyme replacement
therapy

Risultati a lungo termine della terapia sostitutiva sulle manifestazioni
audio-vestibolari della malattia di Anderson-Fabry
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SUMMARY

This study aimed to evaluate audiological and vestibular involvement in Fabry disease and the effects of enzyme replacement therapy
with human a-galactosidase A. The study population comprised 20 patients (11 males, 9 females) aged 15-69 years (mean 39.7). Patients
underwent a complete clinical and instrumental evaluation before starting and during enzyme replacement therapy. Median follow-up was
51.5 months (range 25-73). Nine patients (45%) complained of hearing symptoms (hearing loss, tinnitus); for six of them the onset and/or
progression of the hearing loss were sudden. Vertigo or dizziness was reported by 6 patients (30%). Audiological evaluation showed a sen-
sorineural hearing loss in 18 ears (45%; 10 in male patients, 8 in females). The hearing thresholds for 0.5, 1, 2 and 4 kHz frequencies ranged
from 10 to 65 dB HL. Hearing loss was unilateral in 8 cases (40%; 4 in male patients, 4 in females). Also high frequency hearing loss for
4 and 8 kHz was evaluated. No signs of retro-cochlear lesions were observed by means of otoacoustic emissions and auditory brainstem
response. Vestibular examinations showed a functional impairment in 7 ears (17.5%, all male patients). During enzyme replacement therapy
the auditory function showed some degrees of worsening but no significant changes were observed at statistical analysis. In conclusion
involvement of the inner ear is common in men and women with Fabry disease. In this study, a high incidence of cochlear hearing loss was
found, which was typically unilateral and showed onset and/or progression by sudden episodes. Vascular or hydropic mechanisms could
be hypothesized to explain audiological findings. Vestibular involvement showed a lower incidence and different pattern, thus suggesting
that several patho-physiological mechanisms could play a role in determining inner ear damage in Fabry disease. Results obtained show
that enzyme replacement therapy may stabilize hearing function; however, further studies on the physiopathology of the inner ear damage
are needed.
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RIASSUNTO

Questo studio valuta le manifestazioni audio-vestibolari della malattia di Fabry e gli effetti a lungo termine della terapia sostitutiva con
I’enzima ricombinate a-galactosidasi A. Un gruppo di 20 pazienti (11 uomini, 9 donne) di eta compresa tra 15 e 69 anni (media 39,7) é
stato sottoposto a una completa valutazione clinico-strumentale audio-vestibolare prima dell’inizio e durante la terapia con I’enzima. 1l
Sfollow-up medio é stato di 51,5 mesi (range: 25-73). Nove pazienti (45%) riferivano sintomi audiologici (ipoacusia, acufeni) e per 6 di loro
l’insorgenza e la progressione dell’ipoacusia é stata improvvisa. Sei pazienti (30%) lamentavano vertigine e instabilita. I test audiometrici
hanno evidenziato la presenza di una ipoacusia neurosensoriale in 18 orecchi (45%; 10 in uomini, 8 in donne). La soglia uditiva per le
frequenze 0,5,-4 kHz era compresa tra 10 e 65 dB HL. Abbiamo inoltre valutato I'ipoacusia per le frequenze acute (4-8 kHz). L’ipoacusia
era monolaterale in 8 casi (40%; 4 in uomini, 4 in donne). Le otoemissioni acustiche e i potenziali uditivi del tronco hanno escluso lesioni
retrococleari. La valutazione vestibolare ha evidenziato un deficit labirintico in 7 orecchi (17,5%, tutti uomini). Durante la terapia sostitu-
tiva, un lieve ma non significativo peggioramento della funzionalita uditiva é stato osservato. In conclusione l'interessamento dell’ orecchio
interno é comune nei pazienti sia maschili che femminili con la malattia di Fabry. La nostra casistica ha evidenziato una alta indicenza di
ipoacusia neurosensoriale cocleare, tipicamente monolaterale e a insorgenza/progressione improvvisa, portando ad ipotizzare una genesi
idropica o vascolare come causa di questi sintomi. I deficit vestibolari sono meno frequenti. I nostri risultati dimostrano come la terapia
sostitutiva possa evitare la progressione della malattia a livello dell’orecchio interno.

PAROLE CHIAVE: Orecchio interno * Ipoacusia neurosensoriale * Malattia di Fabry * Disfunzione vestibolare * Terapia sostitutiva * a-
galactosidasi A
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Introduction

Fabry disease (FD) is a X-linked inherited error of gly-
cosphingolipid catabolism caused by a deficient activity
of the lysosomal enzyme o-galactosidase A !, with an es-
timated incidence of between 1/117000 and 1/476000 2.
The several different mutations in the gene encoding for
the hydrolase a-Galactosidase A (a-GalA) leads to pro-
gressive intracellular accumulation of glycosphingoli-
pids, mainly globotriaosylceramides, especially in the
vascular system and in various cell types of kidney, heart
and nervous system. FD patients can be divided into 3
categories of disease severity: hemizygotes (and some
heterozygotes) with classic FD beginning in childhood,
affecting many organ systems, and resulting in markedly
decreased lifespan; heterozygotes with mild to moderate
disease or severe disease confined to a single organ sys-
tem; hemizygotes with residual enzyme activity who are
diagnosed in the fourth, fifth or sixth decade of life, when
cardiac problems manifest (“cardiac variant”). In general,
the severity of the disease is inversely correlated with the
enzyme activity, and progressive accumulation of globo-
triaosylceramide and related glycosphingolipids in vascu-
lar endothelial lysosomes throughout the body leads to the
main disease manifestations. The clinical onset is in child-
hood and is characterized by severe acroparesthesias, an-
giokeratoma, corneal and lenticular opacities, and hypo-
hidrosis. Over time, microvascular disease of the kidneys,
heart, and brain progresses, leading to early death. The
clinical picture is characterized by severe organ involve-
ment such as impaired renal function and end-stage renal
disease, left ventricular hypertrophy and heart failure as
well as cerebrovascular complications. Further classical
features are angiokeratoma, acroparaesthesia, corneal
opacities, hypoidrosis or anidrosis.

The multi-systemic nature of Fabry disease does not spare
the cochleo-vestibular system. In a study of the histology
of the temporal bones, in two male patients with Fabry
disease affected by bilateral sensorineural hearing loss
(SNHL), Schachern et al. * reported seropurulent effu-
sion and hyperplastic mucosa in the middle ear. Strial and
spiral ligament atrophy and outer hair cell loss were also
common findings. Decreased numbers of spiral ganglion
cells were found in all temporal bones, although, this was
observed in the absence of glycosphingolipid accumula-
tion in the spiral ganglia. Moreover, new bone and fibrous
tissue filling the non-ampulated end of the superior semi-
circular canal, and ballooning of ganglion cells in Scar-
pa’s ganglia, were also found. Previous reports of clinical
cochleo-vestibular involvement in FD have been limited
to a few case studies. Other Authors reported the high
incidence of otological symptoms and documented the
hearing loss both in hemizygous males * and heterozygous
females 5. Hearing loss has been studied in more detail
in more recent series: Germain et al. ¢ investigated coch-
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lear function in 22 hemizygous males with classic FD,
and reported a 54.5% incidence of abnormal hearing and
a high incidence of sudden deafness. An additional 31.8%
of patients showed high-frequency hearing loss. Conti and
Sergi 7 reported hearing loss and vestibular function dis-
orders in a cohort of 14 patients, with a high incidence of
sudden onset and/or progression of symptoms. Hajioff et
al. ® studied 15 patients and reported also some cases of
conductive hearing loss. More recently, results of studies
on two large series focusing in particular on the hear-
ing loss in FD and on the effects of the enzyme replace-
ment therapy (ERT) have been published: Hegemann et
al. ¥ analysed the audiogram of 86 patients and found that
the hearing in FD is significantly worse than that in an
age-matched general population and, furthermore, leads
to clinically relevant hearing impairment in 16% of cases.
Hajioff et al. '° investigated the effect of ERT on hearing,
observing that agalsidase alpha stabilizes and slightly im-
proves hearing function in patients treated after the onset
of the disease.

The present study aimed to further define the cochleo-
vestibular symptoms in Fabry disease, by means of a full
clinical and instrumental evaluation of hemizygous males
and heterozygous females affected by FD, and to evalu-
ate the progression of the inner ear involvement during
enzyme replacement therapy.

Materials and methods

Twenty patients (11 males, 9 females) with FD, age range
15-59 years (mean 39.6 years), were evaluated as part of
an extensive baseline clinical study before enzyme re-
placement therapy. The otological history was obtained
from all patients, with regard to otological symptoms,
inherited deafness, otologic surgery or trauma, exposure
to ototoxic agents and acoustic trauma. All patients un-
derwent otoscopy and vestibular clinical examination.
Audiological evaluation consisted of pure tone audio-
metry (with masking as appropriate), speech audiometry
by spondees, impedance audiometry (tympanometry and
stapedious reflexes), oto-acoustic emissions (OAEs) and
auditory brainstem response (ABR) recordings. The ves-
tibular examination was based on the vestibular caloric
test, according to the Fitzgerald-Hallpike procedure. Au-
diological and vestibular tests were performed and evalu-
ated according to standard procedures . The severity of
hearing loss was considered as pure tone average (PTA)
for 0.5, 1, 2 and 4 kHz. Moreover, high frequency hear-
ing loss (HFHL), at 4 and 8 kHz, was considered to better
evaluate inner ear involvement.

Enzyme replacement therapy (agalsidase alpha: Replagal;
TKT Europe — 5S, Danderyd, Sweden) was infused, every
2 weeks, at a dose of 0.2 mg/kg body weight. Follow-up
was scheduled every 6 months during the treatment pe-
riod.




A two-tailed Student’s t-test was used in the statistical
analysis, with p < 0.05 being considered statistically sig-
nificant.

Results

The main clinical features of the patients, outlined in Ta-
ble I, show that systemic manifestations of FD are related
to the percentage of enzymatic activity; indeed, female
patients presented a higher level of enzymatic activity and
a lower degree of FD signs and symptoms.

The pattern of otological and vestibular symptoms is
shown in Table II: 20 patients (11 males, 9 females), me-
dian age 39.7 years (range 15-69) were studied. Seven
patients (35%, 4 males, 3 females) complained of subje-
ctive hearing loss; for 6 of whom (85.7%) the onset and/
or progression was sudden (defined as a SNHL of 30 dB
nHL or more at 3 or more adjacent frequencies occurring
within 3 days '2. Furthermore, 8 patients (40%, 5 males,
3 females) complained of tinnitus, and 6 of these (75%)
reported also hearing loss. Four patients (20%, 3 males, 1
female) complained of vertigo: one male and the female
patient complained of benign paroxysmal positional ver-
tigo (BPPV), which was treated by physical manoeuvres
according to Semont’s technique. Three patients (15%; 2
males, 1 female) complained of dizziness.

Results of the instrumental evaluations are reported in Ta-
ble III. At pure tone audiometry, 18 ears (45%; 10 in male
patients, 8 in females) were found to be affected by hear-
ing loss. We have considered as affected those ears which
showed a hearing threshold equal to or higher than 20 dB
nHL. Hearing loss was unilateral in 8 cases (40%; 4 male
patients, 4 females). Mean values for hearing threshold were
31.3 dB nHL (range, 20-65 dB; SD, 13 dB) for PTA. Mean
hearing threshold among male patients was of 30.7 dB nHL,
whereas among female patients it was 32.1 dB nHL (p =
0.8). Twenty-two ears showed HFHL (55%, 11 in males,
12 in females). Hearing loss was unilateral in 5 cases (25%,
2 males, 3 females). Mean value for HFHL was 40.1 dB
nHL (range, 20-90 dB; SD, 19.7 dB). Mean value for HFHL.
among male patients was of 38.3 dB nHL, whereas among
female patients it was 42.5 dB nHL (p = 0.8). The differ-
ence between pre-treatment PTA and pre-treatment HFHL
was statistically significant (p = 0.003). Figure 1 shows the
median audiometric curve in this series of patients.

In the affected ears, hearing loss was sensorineural and
the site of the lesion was always defined as cochlear on
the basis of stapedial reflexes, speech audiometry, ABR
and OAEs data. OAEs were absent in 19 ears (47.5%, 9
in males, 10 in females). With regard to vestibular exami-
nation, caloric tests showed abnormalities in 4 patients:
bilateral weakness in 2 cases, abolished bilateral response
in one case and left side prevalence in one case.

The median follow-up was 51.5 months (range 25-73).
Slight changes in the main clinical features were noted

Table I. Main clinical features of Fabry patients.
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Fig. 1. Audiometric curve with median values for each frequency.

(Table IV). Further tests were performed every 6 months
after the beginning of the enzyme replacement therapy.
Otological symptoms (not reported in Table IIT) were un-
changed in all but one patient (FS) who complained of
sudden unilateral progression of hearing loss associated
with vertigo. Audiological evaluations showed that hear-
ing loss affected 21 ears (57.5%, 12 in males, 9 in fe-
males) and the mean values for the hearing threshold were
33.3 dB nHL (SD 16.5 dB nHL), values not being statis-
tically significant when compared with those at baseline
control (p = 0.6). In the male group, the mean hearing
threshold increased to 34.7 dB nHL, without significant
variations (p=0.5); female patients showed a final hear-
ing threshold of 33.1 dB nHL on average, not statistically
significant if compared to baseline (p = 0.9). Comparing
male vs female hearing thresholds during follow-up, no
statistically significant data were observed (p = 0.8). The
HFHL affected 25 ears (62.5%, 14 in male patients, 11
in female patients), even though the mean value for both
groups decreased to 38.4 dB nHL (SD 18.9 dB nHL) (p
= 0.8). In male patients, the HFHL decreased to 36.9 dB
nHL and, in females, to 40.2 dB nHL. During follow-up,
the difference between PTA and HFHL remained statisti-
cally significant after treatment (p = 0.006). No difference
was found between sexes as far as concerns pre-treatment
HFHL (males: mean HFHL = 37.5 + 16 dB nHL; females:
mean HFHL = 43.67 + 25 dB nHL, p = 0.49), nor as far
as concerns post-treatment HFHL (males: mean HFHL =
36.96 + 15.6 dB nHL; females: mean HFHL =42 + 24.13
dB nHL, p = 0.9). No statistically significant difference
was observed, either in males or in females, between the
pre- and post-treatment HFHL (males: mean pre-treat-
ment HFHL = 37.5 + 16.13 dB nHL; mean post-treatment
HFHL = 36.96 + 15.6 dB nHL, p = 0.93; females: mean
pre-treatment HFHL = 43.66 + 25 dB nHL; mean post-
treatment HFHL =42 + 24.13 dB nHL,, p =0.9).

Discussion

Hearing loss is very common in FD, as already assessed
by other Authors, even if a clinically significant impair-
ment is found in only a small percentage of cases. As we

Table IV. Main clinical features of Fabry patients at follow-up.
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have previously observed ", hearing loss shows a close
correlation with clinical manifestations of the disease and
with the low percentage of enzymatic activity.

The present results confirm the high incidence of inner
ear involvement in FD, both in hemizygous males and
in heterozygous females. Almost 50% of our patients
complained of subjective hearing loss and most of them
were male patients, as might be expected for a X-linked
pathology, even if the threshold hearing values are not
statistically significant. Moreover, some patients presented
hearing loss even without having reported any symptoms
and others displayed no OAEs or minor abnormalities
(amplitude decrease, notch in the distortion products),
not always in agreement with the degree of hearing
loss, thus suggesting that otoacoustic emissions could
represent a reliable test in screening patients with Fabry
disease who could develop hearing loss. All the cases
showed a SNHL with sudden onset and/or progression
a SNHL, damage being localized in the cochlear site.
Clinical and audiological patterns of hearing loss, in
FD, suggest that cochlear damage could result mainly
from vascular lesions, as previously proposed °. Indeed
globotriaosylceramide (Gb3) accumulates in all cells of
the body, with some key target sites of pathology, and
deposition of glycosphingolipids occurs mainly in the
lysosomes of vascular endothelial and smooth-muscle
cells. The increased incidence of sudden episodes of
hearing loss, in FD patients, could be due to repeated
stenosis or occlusion of cochlear small vessels leading
to microvascular infarcts. In agreement with a previous
report on Kanzaki disease ', an endolymphatic hydrops
mechanism could also be proposed on the basis of
histopathological findings of abnormalities of the stria
and spiral ligament 3, which are involved in the control
of inner ear fluids. Our findings indicate, however, that
cochlear and vestibular involvement of the inner ear, in FD,
do not occur in parallel, as is commonly seen in Ménicre
disease. Only six patients in our series complained of
vertigo and/or dizziness, and two of them were affected
by BPPV which was easily treated. These results suggest
that pathophysiological mechanisms of cochlear and
vestibular damage could be different. This hypothesis is
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