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Leigh’s disease

Leigh’s Disease is a rare inherited meuro-metabolic disorder that affects
the central nervous system in infants and children. The disorder is
characterized by progressive neurologic deterioration. Patients with Leigh
syndrome show inconsistent or absent ABR and abnormal interpeak
latencies. Auditory neuropathy spectrum disorder has also been reported.
Master PM, 2.8 years old, 2nd born to non-consanguineous parents
was brought to our department with the complaints of inconsistent
response to auditory stimuli and regression of developmental milestones
including that of speech-language.  MRI brain showed bilateral T2
FLAIR hyper intense signal changes in several sub-cortical regions of
the brain including basal ganglia. ABR results showed ringing cochlear
microphonics up to 60dB nHL in both the ears. ABR showed presence
of 5th peak up to 70dB nHL in the right ear and 60dB nHL in the left
ear. Oto-acoustic emissions were present in both the ears. Based on
the results of audiological evaluation and improvement shown by PM
in speech-language following neurological intervention, it is speculated
that PM may have had a transient form of ANSD during his development.

Auditory neuropathy spectrum
disorder
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Introduction

Leigh’s Disease, named after Archivald Denis
Leigh is a rare inherited neuro-metabolic disorder
that affects the central nervous system in infants
and children. Juvenile or infantile subacute necro-
tizing encephalomyelopathy and subacute necro-
tizing encephalomyelopathy are some of the other
names for this disorder (Leigh, 1951). Progres-
sive neurologic deterioration and bilateral spongi-
form lesions with demyelination, neural necrosis,
vascular and capillary proliferation, bilateral focal
lesions in the brain, brainstem, basal ganglia and
spinal cord characterize the disorder. Bilateral in-
volvement of the putamen, medulla, substantia ni-
gra, thalami, globus pallidus, caudate nuclei, basal
ganglia, and brain stem is seen on MRI (Ruhoy &
Saneto, 2014). Delayed motor and language devel-
opment, difficulties in feeding and swallowing, hear-
ing impairment and loss of sensation may be seen
in persons affected with Leigh’s disease (Naviaux &
Nguyen 2004; Nesbitt et al., 2013).

Auditory brain stem responses (ABR) are re-
flections of the electrical activity in the auditory
pathway and thus are useful in evaluating the mech-
anisms of a number of neurological conditions in-
cluding coma, midbrain and brain stem tumors,
demyelination of the brain stem, and the pres-
ence of diminished brain stem circulation (Starr
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& Achor, 1975). Given the neuropathology of
Leigh syndrome, ABR abnormalities can be ex-
pected in this disorder. Kaga, Naitoh, & Nihei
(1987) and Davis, Aminoff, & Berg (1985) reported
abnormalities on ABR, though of an inconsistent
pattern, in their patients with Leigh’s syndrome.
Some of the observed deviations in ABRs in per-
sons with Leigh’s syndrome include prolonged in-
terpeak latencies (I-V), absent wave V, and com-
pletely absent ABRs despite normal otologic exam-
ination. However, normal ABRs in these children
do not exclude a diagnosis of Leigh syndrome (Tay-
lor & Robinson, 1992) because not all those chil-
dren with metabolic defects leading to Leigh syn-
drome showed abnormal ABRs though they mani-
fested neuro-pathologic changes (as observed at au-
topsy) (Taylor & Robinson, 1992). If ABRs were
present in these children, then they appeared to co-
vary with metabolic findings as well as the clinical
course of the disease. In addition, no specific pat-
tern of ABRs can be thought as characteristic of
Leigh syndrome.

However, Yoshinaga et al. (2003) reported that
abnormal ABR recordings seemed to precede clin-
ical signs of brainstem impairment in Leigh’s dis-
ease. In addition, they noted, on follow-up evalu-
ation, that improvements in clinical status of the
patients were reflected in an improvement in ABR
findings. Simon et al. (2015) reported bilateral



auditory neuropathy in a case with Leigh’s disease
as evident in the absence of ABR and preserved
cochlear microphonics. However, OAEs were ab-
sent bilaterally. Early developmental milestones
were normal. The absence of OAEs in this instance
may indicate that the degenerative changes seen in
Leigh’s disease may also affect the inner ear (Ulu-
alp, Wright, Pawlowski, & Roland, 2004). This
brief review indicates that auditory system may be
affected in children with Leigh’s disease, but there
is no uniqueness in the pattern of auditory devia-
tions. The purpose of this study is to present atyp-
ical auditory findings seen in a child with Leigh’s
disease and to draw the attention of the readers to
the possibility of transient auditory neuropathy in
Leigh’s disease.

Case Report

PM, a 2.8 years old child and second born to
non-consanguineous parents, was brought with the
complaint of regression of motor milestones. The
child was born full term, cried immediately after
birth and weighed 2.8 kg at birth. According to
parents, PM was apparently normal until 1.3 years
when there was insidious and progressive onset of
tremors of upper and lower limbs. PM was able to
walk without support before the onset of tremors,
but now needed support. Parents were also con-
cerned about the highly inconsistent response to
acoustic stimuli by PM and regression of speech-
language after he was 1.3 years. Parents observed
occurrence of myoclonic jerks triggered by sound,
temper tantrums, easy irritability, stranger anxiety
and stubbornness in the child. PM was seen by
a neurologist at the age of 1.5 years. An MRI of
brain showed bilateral T2 FLAIR hyper intense sig-
nal changes in basal ganglia, inferior cerebellar pe-
duncle, substantia nigra, symmetric putamen, cen-
tral tegmental tract, and olivary nucleus. Neurol-
ogist initiated treatment for control of myoclonic
jerks and tremors. PM responded well to the treat-
ment and showed improvement in developmental
milestones too.

The anxious parents brought PM to the De-
partment of Neurology of NIMHANS for further
management where a diagnosis of Leigh’s disease
was made. Eventually, PM was referred to Depart-
ment of Speech Pathology & Audiology to address
the concerns of the parents on the child’s speech-
language development and inconsistent responses
to acoustic stimuli.

Audiological Evaluation

Distortion product OAEs were recorded
(Echoport ILO 292-1I) for a pair of tones (L1 and
L2) at 65 and 55 dB SPL, respectively. Repeatabil-
ity was checked through two separate runs for each
ear. A separate analysis of each distortion product
frequency was carried out to establish the validity
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and reliability of normal outer hair cell function. A
distortion product amplitude (signal to noise ratio)
of greater than or equal to 6 dB was considered to
reflect a valid OAE response.

ABRs (IHS, Miami, Florida) were recorded be-
tween the upper forehead and ipsilateral mastoid,
with the opposite mastoid as ground. Bandpass fil-
tering was set between 100 and 3000 Hz, with man-
ual and automatic artifact rejection. Responses
were recorded for rarefaction and condensation po-
larity clicks presented at 90 dB nHL through insert
earphones (ER-3A) and at a rate of 11.1 clicks per
second. It was ensured that electrode impedance
was <5 kOhms. ABRs were recorded three times,
twice for rarefaction and once for condensation
stimuli. 1200 samples were obtained in each in-
stance. Tube clamping was resorted to determine
the nature of response components - whether they
are CMs or artifacts (recording or stimulus). If the
responses are CMs, then they will disappear with
tube clamping but the stimulus artifact will per-
sist.

Two experienced audiologists, each with more
than 10 years experience, made a blind and inde-
pendent review of the recorded ABR waveforms.
Reviewer 1 suspected cochlear hearing loss while re-
viewer 2 suspected auditory neuropathy spectrum
disorder. Both of them, however, suggested corre-
lation of ABR waveforms with the clinical informa-
tion.

Speech and Language Evaluation

Receptive and expressive language acquisition
of PM was assessed on the Receptive-Expressive
Emergent Language tool (REEL3- Bzoch, League
& Brown, 2003). PM was also assessed on 3D-LAT
for receptive and expressive language as well as cog-
nition.

Results

Ringing cochlear microphonics was present up
to 60dB nHL in both the ears. 5th peak could
be traced up to 70dB nHL in the right ear and
60dB nHL in the left ear. No other peaks were
clear. Waveforms were characterized by poor sig-
nal to noise ratio (Figures 1 and 2). The OAEs were
present in the right ear, with lower amplitudes, and
present only for 3 frequencies in the left ear (Fig-
ures 3 and 4).

Speech-language evaluation at 32 months
showed that PM had a receptive as well as expres-
sive language age of 30 to 33 months on REEL. PM
had a score of 30-32 months on each of the three
dimensions of 3D-LAT.
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Figure 1: Auditory brainstem responses for the right ear. The four groups of waveforms correspond to 90, 80, 70

and 60 dB nHL.
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Figure 2: Auditory brainstem responses for the left ear. The four groups of waveforms correspond to 90, 80, 70

and 60 dB nHL.
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Figure 3: Otoacoustic emissions for the right ear. Figure 4: Otoacoustic emissions for the left ear.



Discussion

It is speculated here that audiological results
in this child - not so robust OAEs and 5th peak
up to 60dB nHL with cochlear microphonics - in-
dicate some variant of ANSD. This assumption is
supported by the observation that PM picked up
almost normal speech-language after treatment for
neurological problems was initiated after 1.5 years
(when the child was seen by a neurologist for the
first time). This would not have been possible if
PM had permanent hearing loss during the crucial
period between 1.3 and 2.0 years when the child
was showing aberrant auditory behavior. It is true
that presence of ABR at 60 dB indicates a 40 dB
behavior threshold and a hearing loss of this mag-
nitude may not result in gross speech and language
delay. However, these thresholds were observed at
32 months and not in the period between 1.3 and
2 years when the child was showing some hearing
related issues. We really do not know about the sta-
tus of hearing in the child during this period. PM’s
developmental history as reported by parents (nor-
mal speech-language development until 1.3 years,
inconsistent response to acoustic stimuli and regres-
sion of speech-language between 1.3 years and 2.0
years, and almost normal development of speech-
language without any intervention beyond 2 years)
support this assumption. Based on ABR, it is fur-
ther speculated that the aberrant auditory behavior
that PM showed earlier may actually be a transient
form of ANSD.

Psarommatis et al. (2006) and Eom, Min,
Lee, & Lee (2013) have reported cases of transient
ANSD though not in children with Leigh’s disease.
Starr et al. (1998) reported transient deafness due
to temperature-sensitive auditory neuropathy in 3
children. They explained that some children may
develop a conduction block of the auditory nerve
when their core body temperature rises due, most
likely, to a demyelinating disorder of the auditory
nerve with resultant hearing impairment of a tran-
sient nature. The report of Berlin et al. (2010)
on 13 of the 260 children with auditory neuropathy
who had no problem in language development and
ended up needing no treatment can be taken as an
instance of transient neuropathy. A suggestion has
been made (Uus, 2011) for conceptualizing all ob-
servations of ABR recovery as instances of transient
ANSD.

It is hoped that a second audiological evalua-
tion will bring clarity on the auditory status of PM.
If a second audiological evaluation shows improved
ABR recordings compared to the first recording,
then it would further substantiate the hypothesis
that PM was going through a period of transient
ANSD. This case study further confirms that tran-
sient ANSD may not be as rare as once believed. It
further emphasizes the need to make provision for
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detecting instances of transient ANSD in all pro-
grams of hearing screening and early identification
of hearing loss in children and infants.

Acknowledgments

The authors thank C. S. Vanaja, Bharathi
Vidyapeeth, Pune, Ajith U. Kumar and M.
Sandeep of AIISH, Mysuru for their thoughts on
the interpretation of audiological results.

References

Berlin, C. 1., Hood, L. J., Morlet, T., Wilensky, D., Li,
L., Mattingly, K. R. et al. (2010) Multi-site diag-
nosis and management of 260 patients with auditory
neuropathy/dys-synchrony (auditory neuropathy spec-
trum disorder). International Journal of Audiology, 49,
30-43.

Bzoch, K. R., League R., & Brown, V. L. (2003). Receptive-
Expressive Emergent Language Test. 3rd Edition
Austin: PRO-ED.

Davis, S. L., Aminoff, M. J., & Berg, B. O. (1985). Brain-
stem auditory evoked potentials in children with brain-
stem or cerebellar dysfunction. Archives of Neurology,
42, 156-160.

Eom, J. H., Min, H. J., Lee, S. H., & Lee, H. K. (2013).
A Case of Auditory Neuropathy with Recovery of Nor-
mal Hearing. Korean Journal of Audiology, 17(3), 138-
141.

Kaga, M., Naitoh, H., & Nihei, K. (1987). Auditory brain-
stem response in Leigh’s syndrome. Acta Paediatrica
Japonica, 29, 254-60.

Leigh, D. (1951). Subacute necrotizing encephalomyelopa-
thy in an infant. Journal of Neurology, Neurosurgery,
and Psychiatry, 14, 216-221.

Naviaux, R. K., & Nguyen, K. V. (2004). POLG muta-
tions associated with Alpers’ syndrome and mitochon-
drial DNA depletion. Annals of Neurology, 55(5), 706-
712

Nesbitt, V., Pitceathly, R. D., Turnbull, D, M., Tay-
lor, R. W., Sweeney, M. G., Mudanohwo, E. E. et
al. (2013). The UK MRC Mitochondrial Disease Pa-
tient Cohort Study: clinical phenotypes associated with
the m.3243A>G mutation-implications for diagnosis and
management. Journal of Neurology, Neurosurgery, and
Psychiatry, 84(8), 936-938.

Psarommatis, I., Riga, M., Douros, K., Koltsidopoulos, P.,
Douniadakis, D., Kapetanakis, I. et al. (2006). Tran-
sient infantile auditory neuropathy and its clinical im-
plications. International Journal of Pediatric Otorhi-
nolaryngology, 70(9), 1629-37.

Ruhoy, I. S., & Saneto, R. P. (2014). The genetics of Leigh
syndrome and its implications for clinical practice and
risk management. The Application of Clinical Genetics,
7, 221-234.

Simon, M., Richard, E. M., Wang, X., Shahzad, M., Huang,
V. H., Qaiser, T. A. et al. (2015). Mutations of Human
NARS2, Encoding the Mitochondrial Asparaginyl-tRNA
Synthetase, Cause Nonsyndromic Deafness and Leigh
Syndrome. PLoS Genetics, 11(3), €1005097.

Starr, A., & Achor, J. (1975). Auditory brain stem responses
in neurological disease. Archives of Neurology, 32(11),
761-8.

Starr, A., Sininger, Y., Winter, M., Derebery, M.J, Oba,
S., & Michalewski, H.J. (1998). Transient deafness due
to temperature-sensitive auditory neuropathy. Far and
Hearing, 19(3), 169-79.

Taylor, M. J., & Robinson, B. H. (1992). Evoked potentials
in children with oxidative metabolic defects leading to
Leigh syndrome. Pediatric Neurology, 8, 25-29.

Ulualp, S. O., Wright, C. G., Pawlowski, K., & Roland, P S.

17



JAIISH, Vol 35, pp. 14-18 Yuvaraj et al. (2016)

(2004).Cochlear Degeneration in Leigh Disease. Laryn- Seminars in Hearing, 32, 123-128.

goscope, 114, 2239-42. Yoshinaga, H., Ogino, T., Endo, F., Yasuhara, S., Mu-
Uus, K. (2011). Transient auditory neuropathy in infants: rakami, N., Ohtsuka, Y. et al. (2003). Longitudinal

How to conceptualize the recovery of auditory brain stem study of auditory brainstem response in Leigh syndrome.

response in the context of newborn hearing screening? Neuropediatrics, 34(2), 81-86.



	a Inner pages
	b Editorial
	c Table of Contents
	3. Resolving auditory neuropathy

