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Sudden bilateral hearing loss and sporadic mitochondrial
DNA deletion

Stefano Berrettini, Francesca Forli, Gabriele Siciliano* , Michelangelo Mancuso*

Abstract
Several studies have indicated that a number of different mitochondrial DNA (mtDNA) mutations may be
responsible for human pathologies. Sensorineural Hearing Loss (SNHL) may be associated with known
syndromes (syndromal SNHL) or represent the only manifestation of mitochondrial damage (non-syndromal
hearing loss). Moreover, mtDNA alterations may be responsible for aminoglycoside-induced deafness.

We describe a patient harbouring a single sporadic mtDNA deletion, who presented with sudden adult-onset
bilateral, although non-simultaneous SNHL, that was partially responsive to corticosteroids. Increased values of
rest, and exercise, blood lactic acid were decisive for diagnosis, prompting muscle biopsy that revealed the
mtDNA deletion. The case underscores the importance of investigating a mitochondrial disease in cases of
SNHL of unknown origin and points out the importance of an increased blood level of lactic acid as a screening
test.
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Introduction
Several studies have recently showed that sensorineural
hearing loss (SNHL), in both its syndromal and non-
syndromal manifestations, may be associated with mito-
chondrial DNA (mt DNA) mutations. Various mtDNA
deletions are reportedly responsible for both hereditary
(0.5 to one per cent of the cases) and, more rarely, non-
hereditary deafness.1

The mechanism by which mtDNA alterations generate
deafness is still unknown. Generally speaking, there are
hundreds of mitochondria in each cell serving a variety of
metabolic functions, the most important being the synth-
esis of adenosine triphosphate (ATP) through oxidative
phosphorylation.2 ,3 Mitochondrial dysfunction, due to
mtDNA mutations, may result in reduced cellular ATP
levels, possibly determining an imbalance of ion concen-
trations within the cochlea.4

Mitochondrial mutations do not invariably lead to
disease: some may do so only under certain conditions,
such as a speci�c nuclear haplotype or the concurrent
sanction of environmental agents.2 Moreover, other
factors, for the most part dependent upon cell mitochon-
dria biogenesis, can in�uence the clinical expression of
mtDNA mutations. Amongst these, one that must be
considered is the accumulation of mutated mtDNA species
in stable tissues, suh as mammalian cochlear cells.3 ,5 ,6

A number of pathogenic mtDNA mutations have been
described in association with both isolated SNHL, as well
as in a broader context involving other systems, such as the
central nervous system, retina, skeletal muscle and in
diabetes.2 ,3 ,6 – 9

The following presents a case of sudden bilateral SNHL,
in which hearing loss in one ear predated its appearance in
the other by nine months. The patient, partially responsive
to corticosteroids, was found to harbour a single mtDNA
deletion.

Case report

A 48-year-old male, experienced an episode of sudden
right-sided hearing loss in December 1997, with no
measurable improvement after institution of medical
therapy with cinnarizine, acetylsalicylic acid and glycerol
(250 ml 10 per cent, once a day) (Figure 1). Cranial
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Fig. 1
Hearing threshold levels after the first episode of hearing loss

(on right-side).
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magnetic resonance imaging (MRI) was negative. In
September 1998 the patient came to our attention
complaining of sudden left-sided hearing loss and autoph-
ony.

A pure-tone audiogram revealed bilateral sensorineual
hearing impairment (Figure 2); tympometry was normal,
acoustic re�ex was present bilaterally and Metz’s test was
positive bilaterally. Brainstem auditory-evoked potentials
showed normal central nervous conduction, and vestibular
function results were normal as well.

Anamnestic data revealed no familiality for deafness.
Results of ECG were normal, as were those of neuro-
logical examination, upper and lower-limb electromyogra-
phy and lower limb electroneurography.

The patient underwent a complete blood and immuno-
logical evaluation for progressive SNHL.1 0 (Table I); all
test results were negative. The patient’s serum was also
assayed for antibodies against inner-ear antigen by means
of a Western blot, using fresh bovine temporal-bone inner-
ear antigen,1 1 with no evidence of cross-reacting auto-
antibodies.

Blood lactic acid values at rest were increased
(4.55 mmol/L; normal values: 0.67–2.47 mmol/L). The
patient was therefore subjected to an ischaemic supramax-
imal exercise test, of the forearm muscles, that revealed
abnormal lactate production.

Petrous bone computed tomography (CT) and inner ear
nuclear magnetic resonance (NMR) did not show any
abnormality.

The patient was started on medical therapy, consisting
of intramuscular corticosteroids (1 mg/Kg/day methylpred-
nisolone for 20 days, progressively reduced thereafter).

Hearing in the left ear gradually improved and was within
the normal range after seven days. On the contrary, the
right-side threshold stabilized at a level of moderate-severe
deafness, the U-shaped curve remaining very similar to
that measured after the �rst episode of sudden hearing loss
(Figure 3). Muscle biopsy was then performed. For the
mucle biopsy, a 100 mg specimen was obtained from the
left deltoid, immediately frozen in isopentane alcohol,
cooled in liquid nitrogen and stored at –80 8 C until
processing for histological, histochemical and molecular
studies.

For the Southern blot analysis, total DNA (4 m g) was
digested with Pvu II to linearize the mtDNA, electro-
phoresed through an 0.8 per cent agarose gel and
transferred to a nitrocellulose membrane (BIO-RAD
Laboratories). Four fragments of mtDNA, obtained by
the polymerase chain reaction (PCR), were labelled by
random-primer incorporation of digoxigenin-labelled
deoxyuridine triphosphate (Boehringer-Mannheim kit)
and used as the hybridization probes. The membrane
was hybridized with the labelled probes overnight at 68 8 C,
then washed and exposed to X-OMAT AR �lm
(KODAK) for 30 minutes at room temperature. PCR
analysis was then performed to assess the following point
mutations: 3243 AÕ G, 3252 AÕ G, 8344 AÕ G, 8356 TÕ G.

An increased variability in �bre size and scattered pre-
ragged red �bres were detected by trichrome staining.
Histochemically, rare, isolated COX negative �bres were
observed. PCR analysis did not reveal any of the sought
for mtDNA point mutations. In addition to the 16.8 Kb

Fig. 2
Hearing threshold levels after the second episode of hearing

loss (on left-side).
Fig. 3

Hearing threshold levels after recovery of left-side hearing.

TABLE I
haematological and immunological evaluation of snhl

RBC, WBC and platelet count
Glucose, cholesterol, triglycerides
Creatinine, urea, electrolytes
Total protein, albumin and globulin fractions
Bilirubin, g GT, LDH, SGOT, SGPT, basal lactic acid
TSH, t3 , T4
Urine analysis
Serologic assessment for CMV, HIV, HZV, HSV, HCV, HBV, parvovirus 19, rubella virus, mumps virus.)
Serologic tests for Toxoplasma, syphilis (FTA), Borrelia burgdorferi
ESR, CRP, complement levels (CH50, C3 , C4)
Circulating immune complexes, cryoglobulins
Immunoglobulins (Ig fractions), rheumatoid factor (Ra-test)
Antibodies; anti-nuclear (ANA), anti-extractable nuclear antigen (ENA), anti-mitochondrial (AMA), anti-smooth muscle
(ASMA), anti-centromere (ACA), anti-Sc170, anti-neutrophil cytoplasm antigen (ANCA), anti-double strand DNA (CLIF test)

Abbreviations: CMV = cytomegalovirus; CRP = C-Reactive protein; ESR = erythrocyte sedimentation rate; HBV = hepatitis B
virus; HCV = hepatitis C virus; HIV = human immunode�ciency virus; HSV = herpes simplex virus; HZV = herpes zoster virus; T3
= tri-iodothyronine; T4 = thyroxine; TSH = thyroid-stimulating hormone
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wild-type band, the Southern blot test showed an extra
mtDNA band, approximately 14.1 Kb, indicating the
presence of a 2.7 Kb mtDNA deletion.

Discussion

Sensorineural hearing loss is known to be one of the
manifestations of mitochondrial disorders.

Over the last few years, several mtDNA mutations and
deletions have been described as responsible for a large
variety of syndromes, some with associated sensorineural
hearing loss (syndromal SNHL). The adenine to guanine
(AÕ G) point mutation at position 3243 of mtDNA has
been found in patients affected by SNHL and MELAS
syndrome (mitochondrial myopathy, encephalopathy, lac-
tic acidosis and stroke-like episodes)3 ,6 ,9 and by SNHL and
diabetes mellitus without MELAS;3 ,6 ,8 ,9 moreover the 4977
mtDNA deletion (common deletion) is a frequent �nding
in Kearns-Sayre syndrome (progressive external ophthal-
moplegia, retinal pigmentary degeneration and heart
conduction block)9 and progressive external ophthalmo-
plegia .6 ,9 Finally a large, 10.4-Kilobase mtDNA deletion
has been found to be associated with diabetes and
deafness.1 ,6

Non-syndromal SNHL has also been detected in some
families presenting a striking pattern of maternal transmis-
sion1 and attributed to mtDNA nucleotide point mutations
at 1555,7 74551 2 and 74721 3 and to common deletion.9

As far as aminoglycoside-induced deafness is concerned,
both familial and sporadic cases have been described,5 in
which ototoxicity occurred even after exposure to low
doses, suggesting a genetic susceptibility to aminoglycoside
ototoxicity.1 The most frequent mtDNA mutation asso-
ciated with aminoglycoside-induced hearing loss is the
point mutation 1555AÕ G in the 12S rRNA gene.1 ,9 ,1 4 In
addition, heteroplasmic and homoplasmic mtDNA
mutations at nucleotide 961 in the 12S rRNA gene have
also been indicated as predisposing to aminoglycoside
ototoxicity.1 5

Several authors have described the clinical features of
hearing loss due to mitochondrial disorders.7 ,1 2 ,1 3 ,1 6 – 1 8 The
reported age of hearing loss onset is quite variable: some
authors describe cases of hearing loss during childhood or
adolescence,7 ,1 6 while others report an extremely variable
age of onset – between 14 and 50 years.1 7

Generally, hearing loss is progressive,1 7 bilateral and
symmetric.1 8 We have found no case described in the
literature of sudden hearing loss associated with an
mtDNA mutation. Although the characteristics of the
hearing threshold curve and the severity of the hearing loss
may vary, hearing loss is generally severe-profound and
affects the high frequencies more than the lower ones.1 6 ,1 7

The hearing loss associated with mtDNA disorders
generally presents a cochlear pattern and the vestibular
function does not seem to be compromised in such
patients.1 6 ,1 7

In the present case, the auditory de�cit presented as
sudden, bilateral hearing loss, although it did not begin
simultaneously in both ears. Nor has it shown any tendency
to progress. It is interesting that the left-side recovered
after corticosteroid therapy.1 9 The �nding of partial
responsiveness to corticosteroids in this case wcould have
led to consideration of immune-mediated inner-ear
disease, known to be sensitive to high doses of cortico-
steroids.1 0 However, the negative results of in�ammatory,
immunological and rheumatological tests, including the
absence of cross-reaction to inner-ear antigen, made us
exclude such an aetiology. On the other hand, the increase
in lactate values was suggestive of mitochondrial disorders,
an hypothesis con�rmed by the muscle biopsy revealing

the presence of a single 2.7 Kb deletion, thus leading to the
hypothesis that the SNHL was due to an mtDNA deletion.
Our results present an opportunity to take into account the
occurrence of mitochondrial disorders in an otherwise
unexplained SNHL and, at the same time, stress the
importance of performing lactate measurements as a
screening test in such cases.

Conclusions

We describe the occurrence of a sporadic mtDNA deletion
in a patient who presented with adult-onset SNHL, in
which the hearing loss was sudden and bilateral, although
not simultaneous in both ears, and at least partially
responsive to corticosteroids. The �ndings of increased
lactic acid values both at baseline and upon the anaerobic
exercise revealed abnormal lactate production – a decisive
factor in disclosing the mtDNA deletion. In fact, the
lactate results prompted execution of a muscle biopsy, that
revealed the mtDNA disorder. The case highlights the
importance of testing basal and exercise lactic acid
concentrations in cases of SNHL of unknown origin.
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