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Original Article

INTRODUCTION
Mitochondria play a critical role in energy production in the eukaryotic cells. Each eukaryotic cell in the human body comprises a 
variable number of mitochondria, usually between 100 and 1000, and each single mitochondrion comprises a variable number of 
mitochondrial DNA (mtDNA) molecules, ranging between 2 and 10 copies. mtDNA is a circular double-stranded molecule stretch-
ing 16.569 base pairs. It encodes for 22 transfer RNA (tRNA), 2 ribosomal RNA (rRNA), and 13 peptides, accounting for a total of 37 
genes.

It is important to understand the basis of mitochondrial genetics and how it differs from traditional Mendelian genetics and 
nuclear DNA. The key differences are: maternal inheritance, heteroplasmy, and mitotic segregation. Maternal inheritance: only 
the mitochondria from the oocyte will pass on to the zygote; therefore, the mitochondrial diseases derived from mutations 
in mtDNA are solely inherited from the mother. Heteroplasmy: the presence of mitochondria with different genetic constitu-
tions within a cell or organism is called heteroplasmy. Individuals inherit hundreds of mitochondria from their mother, and 
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OBJECTIVES: The mitochondrial DNA (mtDNA) point mutation m.3243A>G is known to express the following two syndromes among others: 
maternally inherited diabetes and deafness (MIDD) and mitochondrial encephalopathy, lactic acidosis, and stroke-like episodes (MELAS). Senso-
rineural hearing loss (SNHL) is the most frequent symptom in individuals harboring the m.3243A>G mutation. However, dysfunction of the ves-
tibular organs has been scarcely examined. Therefore, the present study aimed to study the impact of the m.3243A>G mutation on the inner ear.

MATERIALS and METHODS: A total of 8 subjects harboring the blood-verified m.3243A>G mutation underwent thorough audiological and ves-
tibular examinations, including tone and speech audiometry, video head impulse test (vHIT), ocular and cervical vestibular-evoked myogenic po-
tential (oVEMP and cVEMP), and full otoneurological examination. The subjects also answered a Dizziness Handicap Inventory (DHI) questionnaire. 

RESULTS: SNHL was identified in all the 8 subjects, with a mean pure-tone average-4 (PTA-4) of 59 dB. Speech discrimination score (n=7) ranged 
from 24% to 100% (mean 74%), and vHIT (n=42) detected pathology in nine lateral semicircular canals (SCCs), five posterior SCCs, and one anterior 
SCC, whereas three measurements were inconclusive. All oVEMPs (n=14 ears) were absent, nine cVEMPs were absent, and two were inconclusive. 
Based on the DHI scores, 6 subjects reported none to mild dizziness, 1 reported moderate, and 1 reported severe dizziness. 

CONCLUSION: Our study population had pathological findings from every audiological and vestibular end organs. The results indicated that the 
pathological findings originated from within the end organs themselves and not within the superior and inferior vestibular or cochlear nerve. 

KEYWORDS: MELAS syndrome, mitochondrial diseases, sensorineural hearing loss, vestibular disease, inner ear disease
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all carriers of mitochondrial mutations have mutations as part of 
heteroplasmy. The level of heteroplasmy can vary within mitochon-
dria, cells, and tissues. Mitotic segregation: during cell mitosis, the 
division of mutant mtDNA and normal mtDNA does not have to be 
destribuated equally between daughter cells, making it possible to 
have a change in heteroplasmy degree within daughter cells during 
each generation of cells.

The m.3243A>G (A3243G) mutation is a point mutation at base pair 
number 3243 in mtDNA, resulting in an adenosine to guanine switch 
in the tRNA-leu (UUR) encoded by the MT-TL1 gene [1, 2].

Epidemiological studies in European populations have reported a 
prevalence of the m.3243A>G mutation between 2:100,000 [3] and 
16:100,000 [4]. A more recent study conducted in an Australian popu-
lation has reported a prevalence of 240:100,000 [5].

The phenotypic expression of the m.3243A>G mutation can be ex-
tremely variable, ranging from asymptomatic to highly debilitating 
syndromes. A large mitochondrial disease patient cohort in the 
United Kingdom (n=129 patients) demonstrated that 30% of the 
patients had maternally inherited diabetes and deafness (MIDD) 
syndrome, 10% had mitochondrial encephalopathy, lactic acido-
sis, and stroke-like episodes (MELAS) syndrome [6], 6% had MELAS/
MIDD, 28% had atypical syndromes, and 13% had other syndromes 
or overlaps associated with the m.3243A>G mutation [7]. In 1990, 
two independent groups described the m.3243A>G mutation as a 
cause of MELAS syndrome, and in 1994, the MIDD syndrome was 
linked to the same mutation [8]. A clear correlation between the de-
gree of heteroplasmy in muscles and the severity of clinical symp-
toms has been delineated [9].

Some symptoms are more frequent and often present earlier than 
others [10]. The most frequent symptom experienced is hearing loss 
(HL), especially progressive, bilateral, symmetric sensorineural HL 
(SNHL) [11-13]. Dysfunction of the vestibular organs, including the three 
pairs of semicircular canals (SCCs) and the paired otolithic organs 
(the utricles and saccules), has been described in the literature more 
scarcely [14,15,16].
With this research, we aimed to study the impact of the m.3243A>G 
mutation on the inner ear by performing a full audiological and ves-
tibular examination with state-of-the-art equipment.

MATERIALS AND METHODS

Candidate Recruitment 
All subjects were former or current patients at Clinical Genetics De-
partment at Aalborg University Hospital, Aalborg, Denmark. Potential 
subjects were identified with either the MELAS, MIDD, or m.3243A>G 
mutation carrier in the department’s diagnosis database.

Inclusion Criteria
1. Subjects must have received genetic counseling by a clinical 

geneticist 
2. Subjects must have verified the m.3243A>G mutation
3. Subjects  must be legally competent
4. Subjects must provide written informed consent
A total of 8 subjects fulfilled all the inclusion criteria.

Genetic Testing
An allele-specific PCR amplification with DNA isolated from venous 
blood was performed by a tertiary Molecular Genetics Department 
to evaluate the m.3243A>G mutation. 

Audiological Testing
Subjects underwent standard pure-tone audiometry as well as 
standard speech audiometry. A trained audiologist performed all 
the tests. Air conduction and bone conduction pure-tone audiom-
etry were conducted at 125, 250, 500, 1000, 2000, 4000, and 8000 
Hz. The pure-tone average-4 (PTA-4) was calculated as the average 
threshold at four specific frequencies (0.5, 1, 2, and 4 kHz). Bone con-
ductivity was measured to evaluate inner ear hearing thresholds, 
calculate a potential air–bone gap, and thereby quantify a conduc-
tive HL. Speech audiometry comprised two tests: speech discrimina-
tion score (DS or word recognition) and speech reception threshold. 
When measuring DS, the subjects had to recall multiple single words 
phonetically. At approximately 40 dB above each subject’s PTA, the 
words were presented and the score was calculated as a percentage 
of words repeated correctly. The score was calculated as the hearing 
threshold at which the subjects could recite 50% of the presented 
numbers. HL was graded according to the American Speech–Lan-
guage–Hearing Association guidelines (www.asha.org 2016). Ipsilat-
eral and contralateral acoustic reflexes were measured in both ears at 
500, 1000, and 2000 Hz. Acoustic reflexes were expected to be stim-
ulated approximately 75 dB above the hearing threshold, and in the 
case of recruitment, the reflex would be triggered at a relatively lower 
threshold. Measurements where two or more reflexes were triggered 
were further examined for events such as recruitment or were con-
sidered inconclusive otherwise. 

Vestibular Testing

Dizziness Handicap Inventory (DHI)
Each subject was asked to fill out a DHI questionnaire [17] comprising 
25 items divided into three subcategories: seven physical, nine emo-
tional, and nine functional questions. Each question has three pos-
sible answers: No (0 points), Sometimes (2 points), or Yes (4 points). 
A total score within each category was calculated (0-28 in physical 
and 0-36 in both emotional and functional), and it ranged from 0-100 
points. The total DHI scores were divided as following: mild, 0-30 
points; moderate, 31-60 points; and severe, 61-100 points.

Ocular Vestibular-Evoked Myogenic Potential (oVEMP)
oVEMP was used to evaluate and stimulate the utricles and superior 
vestibular nerves [18] and was recorded on the contralateral inferior 
oblique muscle (IF). It uses air conducted (AC) sound stimuli at 100 dB 
to alter the muscular electric potential. Examination was performed 
with the Eclipse application (Interacoustics, Middelfart, Denmark). 
A single electrode was placed on subjects’ forehead, two additional 
electrodes were caudally placed to each inferior eyelid (palpebral in-
ferior), and a fourth electrode was placed at subjects’ chin. Subjects 
received sound stimuli on the side being tested. Sound was present-
ed at a frequency of 500 Hz and an intensity of 100 dB with a burst 
rate of 5/second. Subjects were instructed to maintain an upward 
gaze to ensure proper stretching of the IF and to position the muscle 
closer to the electrode. oVEMPs were bilaterally evaluated by the fol-
lowing parameters: amplitude, latency, and asymmetry. 
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Cervical Vestibular-Evoked Myogenic Potential (cVEMP)
The cVEMP was used to evaluate and stimulate the saccules and infe-
rior vestibular nerves [19] and was recorded on the ipsilateral sterno-
cleidomastoid muscle (SCM). cVEMP uses AC sound stimuli to alter 
muscular electric potentials in the ipsilateral SCM. Electrodes were 
placed on the subjects’ forehead, chin, and on both SCMs using the 
Eclipse application (Interacoustics, Middelfart, Denmark). During 
testing, subjects received audiological stimulation in both ears one 
at a time. Testing was performed at a frequency of 500 Hz and an 
intensity of 100 dB. While being tested, subjects were instructed to 
turn their head 90° in the horizontal plane, forcing contraction of the 
ipsilateral SCM. cVEMPs were evaluated based on the same parame-
ters used to evaluate oVEMPs.

Video Head Impulse Test (vHIT)
Testing was performed to evaluate the vestibulo-ocular reflex (VOR) 
using the EyeSeeCam (Interacoustics, Middelfart, Denmark). The 
EyeSeeCam comprises an inertial measurement unit to measure 
movements of the head and an infrared camera to record eye move-
ments. vHIT evaluates the VOR by testing all the three pairs of SCCs, 
calculates a mean gain value (ratio between head and eye velocity) 
for each separate SCC being tested, and also detects both overt and 
covert saccades. Subjects wore the EyeSeeCam goggle (Interacous-
tics, Middelfart, Denmark) tight to ensure that no slippage occurred 
during head movements. Subjects were seated approximately 1.5 
meters (4 feet, 11 inches) from a wall bearing a mark at the subjects’ 
eye level. Before the test was initiated, the EyeSeeCam was calibrated 
according to the manufacturer’s guidelines. Subjects were informed 
that the physician would perform a series of head movements in 
either the transverse or in sagittal–coronal plane depending on 
which pair of SCCs was being tested. When testing the function of 
the paired lateral SCCs, small rapid head impulses in the transverse 
plane were performed in a random unpredictable manner for a total 
of minimum 10 head impulses. For testing the anterior and posterior 
SCCs, similar head impulses in the sagittal–coronal plane at a 45°-an-
gle were performed. The results were categorized as either normal, 
inconclusive, or pathological. Normal gain values were expected to 
range between 0.80 and 1.20 for the lateral SCCs and between 0.70 
and 1.20 for the vertical SCCs [20, 21]. The results had to include both 
pathological saccades and gain values lower than the cut-off values.

Statistical Analysis
Two-sided Wilcoxon signed rank test was performed using the Excel 
2013 software (Microsoft Inc., Redmond, WA, USA) and Table A7 of 
Kirkwood et al. [22]. 

RESULTS

Subjects
A total of 8 subjects fulfilled the inclusion criteria and were included 
in the study. The subjects comprised 6 females and 2 males, with a 
mean age of 49.6 years (Tables 1-3). One female subject did not re-
ceive vestibular examinations because her condition resulted in poor 
compliance.

Audiological Findings
All the 8 subjects reported bilateral SNHL of variable degree. None 
of the subjects examined were found to have a significant air–bone Ta
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gap; therefore, conductive HLs were ruled out. The PTA-4 of each 
individual ear was calculated as the average threshold in dB at four 
different frequencies (500, 1.000, 2.000, and 4.000 Hz). A total of 16 
ears were tested with a mean PTA-4 of 58.6 dB. There was no signifi-
cant difference between left and right sided ears (two-sided Wilcox-
on signed rank test p>0.1). DS was evaluated in 7 subjects because 1 
subject could not comply to the examination, giving a total of 14 ears 
examined with a mean DS score of 74%. Two-sided Wilcoxon signed 
rank test revealed no significant difference between the left and right 
side (p>0.1). The majority of the audiograms had a descending shape 
(n=5) with greater threshold at the higher frequencies than the low-
er frequencies, while the remaining 2 had a flat shape, and the last 
had a slightly ascending shape with a lower threshold at the higher 
frequencies than the higher frequencies. Six subjects showed sym-
metric HL between the ears, where two subjects showed asymmetric 
HL (more than 10 dB side difference on at least two neighboring fre-
quencies). All the audiograms are presented in Figure 1. Five subjects 
were examined for acoustic reflexes; both their left and right sides 
were tested for ipsilateral and contralateral reflexes, accounting for 
a total of 20 reflexes. Two subjects had total absence of all reflexes, 
whereas another two subjects had a mixture of absent reflexes, one 
had three reflexes from one ear and recruitment on the other ear, the 
other had three and one, respectfully. One subject showed recruit-
ment for all reflexes. All acoustic reflexes are compiled in Table 2.

Vestibular Findings
A total of 7 subjects underwent vestibular examinations, which com-
prised vHIT of all six SCCs, oVEMP, and cVEMP. A total of 42 SCCs were 
examined, divided equally into 14 lateral, 14 posterior, and 14 an-
terior canals. Among the 42 canals examined, 15 were evaluated as 
having a pathological mean gain value, and among these 15 canals, 
13 also had either overt, covert, or mixed saccades. Three gain values 
were inconclusive. Of the 14 lateral SCCs examined (seven pairs), 9 
were found as having a pathological gain value and all having sac-
cades. Four subjects (8 SCCs) had bilateral pathological gain values, 
whereas one had a unilateral pathological gain value. Among the 

Table 2. Acoustic reflexes in 5 subjects

  Acoustic reflexes

Subject Side Ipsilateral Contralateral

1 Right Absent Recruitment

 Left Recruitment Recruitment

2 Right Absent Absent

 Left Absent Absent

5 Right Recruitment Recruitment

 Left Recruitment Recruitment

7 Right Absent Absent

 Left Absent Absent

8 Right Absent Absent

 Left Absent Recruitment

Table 3. Dizziness Handicap Inventory scores in 8 subjects 

               Dizziness Handicap Inventory (DHI)

Subject Physical Emotional Functional Total

1 6 14 10 30

2 6 18 10 34

3 8 4 4 16

4 0 0 0 0

5 4 2 2 8

6 6 6 10 22

7 2 2 2 6

8 20 22 22 64

The maximum score is 28 in physical and 36 in both emotional and functional; the maxi-
mum total score is 100.

Figure 1. Audiograms of subjects affected by MELAS syndrome.
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posterior canals (n=14), 5 were found to have a pathological gain 
value, 2 subjects had a bilateral pathology, whereas 1 had unilateral 
pathology. None of the gain values for the posterior SCCs were evalu-
ated as inconclusive. The anterior SCCs (n=14) were the least affected 
with only 1 pathological gain value. One subject had bilateral incon-
clusive gain values without saccades.

The oVEMP was used to evaluate the function of the utricles and 
superior vestibular nerves. All the 7 subjects showed an absence of 
measured potentials bilaterally. The cVEMP was used to evaluate the 
function of the saccule and inferior vestibular nerve. Four subjects 
showed bilateral absence of evoked potentials, one had unilateral 
absence of potential, and one had bilaterally measured potentials. 
The last subject’s measurements were evaluated as inconclusive 
because the measurements seemed similar to expected potentials 
values but were no greater than the background noise in amplitude.

All subjects (n=8) completed the DHI questionnaire. Among the 8 
subjects, 6 reported none to mild self-perceived dizziness, 1 reported 
moderate, and 1 reported severe self-perceived dizziness (Table 3).

The vHIT, oVEMP, and cVEMP values of subject 1 are shown in Figures 
2-4, respectively.

DISCUSSION
Mitochondrial point mutations, such as m.3243A>G, are known for 
their heterogeneous phenotypical expression. It is well known that 

individuals harboring this mutation often have impairments of the 
inner ear, especially HL. With this study, we intended to examine the 
function of the entire inner ear. All our subjects had reported bilater-
al HL. No difference between bone conduction and air conduction 
hearing thresholds were observed, indicating that all subjects suffer 
from SNHL ranging from mild to severe according to the ASHA (PTA; 
40-81 dB) with different shaped audiograms. These findings corre-
spond with those reported in the literature [11-23]. In the present study, 
DS was found to have a mean of 74%, ranging from 24% to 100%. 
Two subjects had a bilaterally low DS, whereas one subject had a 
unilaterally low DS, and the remaining subjects had a relatively high 
DS (ranging between 76% and 100%). A high DS was suggestive of 
cochlear HL (HL originated from the cochlea), whereas a low DS was 
suggestive of retro-cochlear HL. A previous study has showed that 
5 of the 8 subjects with MELAS syndrome due to the m.3243A>G 
mutation suffered from HL [13]. Four subjects showed findings indic-
ative of cochlear HL, whereas one subject was suspected of having 
retro-cochlear HL. These findings are similar to those of our study, 
given that SNHL combined with a high DS indicated dysfunction of 
the cochlea, rather than sound conduction or neural pathways, as the 
reason of the HL, whereas SNHL combined with a low DS indicated 
a retro-cochlear HL. Our DS findings with the acoustic reflex findings 
can further help to determine the precise site of the hearing dysfunc-
tion. In our study, 3 subjects had one or less measured reflexes and 
were therefore regarded as inconclusive. Two subjects were found to 
have three and four measured reflexes, respectively. These reflexes 
were found to be of the recruitment phenomenon. Taken together, 

Figure 2. Video head impulse test (vHIT) of subject 1.
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these findings indicate that their HL was of a cochlear origin and not 
of a retro-cochlear origin.

All 14 oVEMP recordings showed bilateral absence of potentials. 
These findings indicate that there is a dysfunction of either the utri-
cles and/or superior vestibular nerve [18, 24]. Further investigations of 
the function of the utricles are warranted, especially considering that 
research has found that individuals exhibit a decrease in oVEMP am-
plitude when they pass the age of 50 years [25].

Seven subjects underwent AC-cVEMP testing. Four of the seven sub-
jects showed bilateral absence of potentials, one showed unilateral 
absence of potential with a normal measurement on the other side, 

one showed inconclusive cVEMP, and the last subject had a bilater-
ally normal cVEMP. Absence of cVEMP indicates dysfunction of the 
saccule and/or inferior vestibular nerve [19]. Our findings are simi-
lar to those reported in an earlier study on subjects harboring the 
m.3243A>G mutation [14] that examined 13 subjects using AC-cVEMP 
testing. To evaluate if the site of dysfunction is to be found inside the 
labyrinth or retro-labyrinth, our subjects would have to undergo an 
additional test, namely galvanic-cVEMP, which uses electric/galvanic 
stimuli and a similar method as AC-cVEMP [26, 27].

Our vHIT findings showed a big mixture of normal, pathological, and 
inconclusive values. The lateral SCCs seemed to be the most affected, 
followed by the posterior SCCs, with the anterior SCCs only having 

Figure 3. Ocular vestibular-evoked myogenic potential (oVEMP) of subject 1.

Figure 4. Cervical vestibular-evoked myogenic potential (cVEMP) of subject 1.
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one affected SCC. Five subjects (two in one study and three in an-
other study) with the m.3243A>G mutation have previously been ex-
amined [15, 16]. These subjects underwent vHIT examinations, and four 
had bilateral pathological values of the horizontal and posterior ca-
nals, whereas the anterior canals had values within the normal range. 
Only one of our subjects had bilateral pathology of both the hori-
zontal and posterior SCCs. The horizontal and posterior SCCs of our 
subjects expressed higher pathological values than those expressed 
by the anterior SCCs.

The anterior and lateral SCCs and utricles transmit through the superi-
or vestibular nerve, whereas the posterior semicircular canals and sac-
cules transmit through the inferior vestibular nerve. Moreover, as the 
cochlea transmits through the cochlear nerve, nerve dysfunction must 
be considered and identified to help determine the site of pathology 
in individuals with the m.3243A>G mutation. In our study population, 
the number of pathological values was greater for the lateral SCCs than 
for the anterior SCC (60% and 7%, respectively; Table 1), indicating dif-
ferent degrees of pathology in the end organs innervating the same 
nerve branch. This discrepancy between the anterior and lateral SCCs 
with our other findings further indicates that the dysfunction itself lies 
within the end organs (the SCCs, otolith organs, and cochlea) and not 
within the vestibulocochlear nerve that they innervate. 

CONCLUSION
We detected pathological findings in all the examinations performed 
and demonstrated that subjects harboring the m.3243A>G muta-
tion suffer from dysfunction of both the vestibular and audiological 
systems despite the limited number of participants in this study. We 
have shown that vestibular pathologies are common among individ-
uals with this mutation.  
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