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Clinical Records

Cochlear implantation of a patient with a previously
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Abstract

Mitochondrial DNA (mtDNA) defects are responsible for symptom complexes that are characteristically
heterogeneous but are typically represented by muscle weakness and neurological deficits. One common feature
of mitochondrial disease is deafness. This report details the assessment and outcome of a patient with a
previously undescribed mtDNA rearrangement who underwent cochlear implantation. The patient shows a
marked improvement in sentence recognition tests and recognition of environmental sounds. Patients with
profound sensorineural hearing loss due to mtDNA defects should be considered as candidates for cochlear
implantation when they no longer benefit from conventional hearing aids.
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Introduction

The mitochondrial genome encodes essential information
for the synthesis of the mitochondrial respiratory chain,
which in turn is responsible for the production of the
majority of cellular adenosine triphosphate (ATP). In
recent years the rapid increase in understanding of genetic
disorders has led to the identification of a disease complex
due to mitochondrial DNA (mtDNA) defects. The main
effects of the disorder are neurological, with deafness as a
symptom of many of the phenotypes. A high number of
copies of the mitochondrial genome are found within cells
(one to 10 genomes per mitochondrion, 100-10 000
mitochondria per cell). The normal mitochondrial geno-
type is termed homoplasmy. In this situation all copies of
the mitochondrial genome are the same. Mutations of
mtDNA create a state termed heteroplasmy, where a
mixture of wild type and mutant genomes exist in a

variable proportion. Disease phenotypes are expressed
when the level of mutated mtDNA genomes exceeds a
threshold. This threshold is variable and may depend on a
number of factors including mutation type and position
and tissue type. MtDNA is strictly maternally inherited.
Point mutations and large scale partial duplications of the
mitochondrial genome may be traced along the maternal
lineage. Large scale partial deletions of mtDNA are
exceptional as they are rarely, if ever, transmitted and
account largely for reported sporadic cases. Over 150
mutations of the mitochondrial DNA have been described,
of which 100 are rearrangements and 50 are point
mutations.' There are very few reports of cochlear
implantation in patients with mtDNA mutations, and
these only report patients with point mutations. This is
the first report of cochlear implantation in a previously
undescribed mtDNA duplication.

TABLE 1
AUDIOMETRIC SCORING AT PRE-IMPLANT AND AT THREE MONTHS

Measure Score pre-implant Score post-implant
CUNY* — Lip reading & Aided 5% 84%
Sentence — Aided alone 0% 57%
Tests — Lip reading alone 4% 5%
AB word test** N/A 61%
Environmental sound recognition N/A 83%
Telephone interview N/A 66%

*the CUNY sentence test is a recognition test of open set spoken sentences presented without context.
**the AB word test is a recognition test of open set spoken single syllable words, without context. Individual phonemes are scored.
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sponds to the region of mtDNA sequence duplicated in this

inherited rearrangement. All family members revealed high

levels of the duplication (50-60 per cent) in whole DNA
extracted from leukocytes.

Case report

A 44-year-old man was referred for assessment to the West
of England Cochlear Implant Programme with a 20-year
history of progressively worsening sensorineural hearing
loss and insulin-dependent diabetes. He was profoundly
deaf and was no longer gaining benefit from conventional
hearing aids (Table I). After undergoing the full medical,
audiological and psychosocial assessment of the pro-
gramme, he was judged to be a suitable candidate for
implantation. The patient’s only sibling (a sister) and his
mother had both developed a similar pairing of progressive
sensorineural hearing loss and diabetes in their early
twenties. They currently suffer with only moderate
sensorineural hearing loss. There was no evidence in the
family history of problems in any earlier generations.

In June 2000 the patient underwent surgery and a
Med-El Combi 40+ standard electrode cochlear implant
was implanted in his left ear via a posterior tympanotomy
and cochleostomy. The implant package was sited above
and behind his ear and recessed into the skull. The
external stimulator was fitted at four weeks post-
operatively and the initial programming of the implant
performed. He showed an immediate positive subjective
response, and formal testing at three months showed a
dramatic improvement on his pre-implant sentence
recognition tests (Table I). At this stage the patient
reported he was typically wearing the implant for 12 or
more hours per day.

Molecular genetic analysis of mtDNA

Symptoms of maternally-inherited diabetes and deafness
have previously been reported associated with partial
duplications of the mitochondrial genome.*® The DNA
samples from the family members were, therefore,
investigated for this particular mtDNA defect by Southern
blot.
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Whole DNA was extracted from leukocytes following
overnight incubation at 37°C with one per cent SDS and
2 mgml™! proteinase K, phenol: chloroform removal of
protein and ethanol precipitation.

Two micrograms of whole DNA from each patient, and
also from controls, were restriction enzyme digested with
Pyull. This enzyme linearizes wild-type mtDNA allowing
it to be accurately sized following agarose gel electro-
phoresis. The digested samples were Southern blotted
using standard techniques.” MtDNA was detected using a
radiolabelled probe complementary to the displacement
loop (D-loop) region.® This region of the mitochondrial
genome contains control sequences and is therefore
essential for the maintenance of rearranged genomes.

The results (Figure 1) revealed a 4.15 Kb mtDNA
species in addition to the wild type (16.5 Kb). On the basis
that partial mtDNA deletions are not generally detected in
whole leukocyte DNA nor are they inherited,” and that
they typically exceed approximately 6 kB,'" it can be
concluded that the additional mtDNA species corresponds
to a 4.15Kb partial duplication. In the three family
members studied (the patient, his mother and sister), the
level of duplicated species was estimated to be between 50
and 60 per cent.

The breakpoint junction of the duplication was deter-
mined by sequencing a polymerase chain reaction (PCR)
product generated using a primer shift assay,'' across the
breakpoint. Sequencing data revealed a nine base pair
repeat sequence at the breakpoint. This nine base pair
sequence lies at positions 3328-3336 and 15740-15748 in
the wild type mtDNA Cambridge reference sequence.® In
the mutated genomes the intervening sequence across the
D-loop and including the Pvull restriction site, is
duplicated in addition to the full wild-type sequence.

Discussion

The most likely pathogenesis of mitochondrially-based
deafness is that the defective mitochondria are unable to
provide sufficient ATP for the high energy demands of the
stria vascularis and the outer hair cells. This leads to their
metabolic failure and an irreversible cochlear sensori-
neural hearing loss.

It has been shown'’ that the point prevalence of
mtDNA mutations is higher than has previously been
estimated and lies at about seven per 100000 of the
population of the United Kingdom. Approximately 60 per
cent of cases have an associated sensorineural hearing
loss.'* This gives a figure of around four per 100 000 of the
population with a hearing loss due to mtDNA mutation,
which equates to around 2500 people in the UK.

A recent review of mitochondrial inherited hearing
loss'* stated, ‘... no therapeutic interventions are known’.
Since that date four authors have published reports of
successful cochlear implantation of patients with point
mtDNA mutations (Table II). The hearing loss associated
with mtDNA mutations is cochlear'>!"” and it is unlikely
that there is a significant central component in the vast
majority of cases.

TABLE II
PREVIOUS REPORTS OF COCHLEAR IMPLANTATION IN MTDNA
MUTATIONS
Paper Genetic defect Implant
Sue et al."”® A3243G Not specified
Tono et al.'® A1555G Nucleus 22 channel
Rosenthal et al."” A3243G Not specified

Cullington'® Not specified Nucleus C124M
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Cochlear implantation is ideally suited to pure cochlear
failure. The authors have reported the first case of cochlear
implantation in a patient with proven mtDNA duplication.
The post-operative results for this patient are very
encouraging, and taken along with the limited data from
patients with point mtDNA translocation, suggest that
cochlear implantation is an effective treatment to over-
come the effects of profound sensorineural hearing loss
due to mtDNA mutation when more conservative
measures fail.
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