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The Most Important Factors of Causing Hearing loss
Following Central Auditory System Disorder and Central
Nervous System (CNS) Disorder
Case Report

Abstract
Hearing system is a bottom_ up and top –down processing system. Dysfunction in
peripheral hearing system may cause dysfunction in central hearing system but
the question is whether the central auditory system disorder or central nervous
system disorder induce the hearing loss?
We deal with this subject in this paper by:

a) Contralateral Sensory Neural Hearing Loss (S.N.H.L) following Ipsilateral
Central Auditory Processing Disorder (CAPD)
b) Mentioning studies on animals

c) The correlation between Limbic system and Hearing system
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d) Neurotransmitters role in Hearing system

e) Sudden Deafness following infarctions, anti depression and addictive drugs,
contraceptive pill, diabetes, stress, multiple sclerosis.
f ) Some of the CNS disorders which cause hearing loss presumably due to
dysfunction in Neurotransmitters.

g)The correlation between Meniere, Otosclerosis, Auditory Neuropathy,
Temporomandibular Joint Disorders with CNS.

Abbreviations: CAPD: Central Auditory Processing Disorder;
SNHL: Sensory Neural Hearing Loss; SSP: Sub Acute Sclerosing
Panencephalitis; OME: Otitis Media with Effusion; MS; Multiple
Sclerosis; TMJD: TemporoMandibular Joint Disorders

Discussion

One of the etiology of Central Auditory Processing Disorder
(CAPD) is Peripheral Hearing Loss, but does Central auditory
system disorder cause hearing loss? Mild lesions in Central
Auditory Pathways may not cause hearing loss (depends on the
site and extent of lesion) or cause slight hearing loss.

Case Report

A seven years old child whose mother complained of her
child speech recognition in noisy environment referred to
our clinic. The child was Autistic and the Audiometry and
Tympanometry revealed normal peripheral hearing in both ears
but probably child suffered from CAPD. Experience has shown
that in those patients who have Sensory Neural Hearing Loss
(S.N.H.L), probably due to CNS disorder or central auditory
system disorder, high frequency hearing loss is less common but
flat sensorineural hearing loss , Low tone loss, slight notch in 1
KHZ or 2KHZ (slight hearing loss 20-30 dB HL only in 1 or 2 KHZ
and normal hearing in other frequencies) which have been seen
in patients using anti depression drugs or having psychiatry
disorders, is much more common. Normal Audiogram (normal
peripheral hearing) with better hearing at 2KHZ compare to the
other frequencies has been seen in Autistic patients. But what
Submit Manuscript | http://medcraveonline.com

about large lesions in central auditory system? Large lesions in
central auditory system may cause remarkable hearing loss. In
a study over Dogs, after lesions of the brachium of the inferior
colliculus and medial geniculate, hearing loss was seen [1].
Damage to the primary auditory cortex in human leads to a loss
of any awareness of sound (depends on the extent of lesion),
but an ability to react reflexively to sounds remains as there is
a great deal of subcortical processing in the auditory brain stem
and mid brain [2,3].

Contra lateral S.N.H.L following Ipsilateral CAPD

Unilateral damage in the primary Auditory Cortex likely cause
contra lateral S.N.H.L [4]. It seems that ipsilateral dysfunction
in other Central Auditory sections such as Inferior Colliculus
may cause contra lateral S.N.H.L. [5]. Contralateral S.N.H.L is
common in patients who is affected unilaterally S.N.H.L [6,7]
Suddenly contra lateral S.N.H.L is occurred in patients who
have unilaterally hearing loss [8]. Is sensory deprivation in
ipsilateral Central Auditory system by unilateral hearing loss
involved in causing contra lateral hearing loss? [9,10]. However,
contra lateral hearing loss could be occurred because of other
reasons .So evaluation and if it would be necessary therapy of
Central Auditory system in non affected ear in patients who have
idiopathic unilaterally suddenly S.N.H.L or unilaterally hearing
loss is essential Improvement of Tinnitus in contra lateral (non
implanted ear) has been seen in patients who have bilaterally
profound S.N.H.L and undergone of unilaterally Cochlear
Implant [11]. The reason of this feature is unknown, but could
stimulation of ipsilateral Central Auditory system by unilateral
J Otolaryngol ENT Res, 2(6): 00048
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Cochlear Implant cause improvement of Tinnitus in the non
implanted ear? Whereas there may be another reason for this
feature.

The correlation between Limbic system and hearing
system

There is a significant relationship between limbic disorders
and hearing impairment. In a study an acute limbic – cerebellar
syndrome was seen in six industrial workers who inhaled
Trimethyltin (white solid which is highly toxic). Clinical features
included hearing loss, amnesia, disorientation, confabulation
and so on [12].
Limbic-thalamus: Thalamus disorder could cause hearing loss,
specifically mass lesion relative to Gray matter in the thalamus
[13].
Limbic – hypothalamus: Hypothalamus may be involved in
Meniere’s disease which will be described later.

Limbic – hippocampus: Age –related hearing loss
(Presbycusis) is accompanied by the degeneration of synapses
in the hippocampus [14]. High intensity noise exposure not only
damages the Cochlea but also causes a significant and persistent
decrease in the hippo campal neuro genesis that may contribute
to functional deficits in memory [15]. Other disabilities such
as ADHD, AUTISM, DYSLEXIA and Learning Disability are
common in children who suffer from sensorineural hearing loss.
Hippocampus is involved in some of these pathologies [16,17].
Bilateral loss of Vestibular function is associated with a significant
bilateral atrophy of the Hippocampus, which correlated with the
patients spatial memory deficits. Patients who were recovered
from unilateral Vestibular Neuritis have been reported to exhibit
a significant atrophy of the left posterior Hippocampus [18]. So
supposedly there is a correlation between Hippocampus and
Vestibular, Auditory system.
Limbic- Amygdala: Bilateral amygdale lesions may cause
auditory recognition of fear and anger. [19].

Limbic – Cingulategyrus: FMRI study shows that left posterior
cingulategyrusis responsible for distinguish of threat –related
words [20].
Limbic – Basal ganglia: In a study (case report) hearing loss
occurred following infraction of basal ganglia [21]. Basal ganglia
has well connected with the cerebral cortex, thalamus and other
brain areas.

Neuro transmitters role in hearing system

Brain neurotransmitters are involved in hearing system
(Glutamate–GABA-Serotonin–Acetylcholine–
Dopamine-Nor
epinephrine and etc). It seems that any dysfunction in these
Neurotransmitters (increasing or decreasing from normal
range) may cause hearing loss and also hearing loss could cause
dysfunction in neurotransmitters in the brain. Neurotransmitters
levels change in stress, diabetes, Presbycusis, depression, some
CNS disorders ,taking anti depression, addictive drugs and
contraceptive pill, which these changes could impact peripheral
and central hearing systems.
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Some of the CNS disorders which cause hearing loss
Essential tremor: Essential tremor is a degenerative disorder of
the CNS which most recognizable feature is a tremor of the arms
or hands during voluntary movements such as eating and writing.
S.N.H.L. is more common in this pathology than Parkinson
disease probably due to dysfunction in neurotransmitters
particularly GABA. [22].

Case report: A 45 years old male patient who suffered from
essential tremor referred to our clinic by ENT physician. He
had no other diseases such as diabetes, hypertension, anxiety,
depression or any experience of working in noisy environment
also he did not take any medicines for Essential Tremor. The
hearing result was bilaterally S.N.H.L. with SRT = 45dBHL and
good SDS.

Wernicke encephalopathy: Wernicke Encephalopathy
mentions the presence of neurological symptoms caused by
biochemical lesions of the CNS after depletion of B vitamin
reserves, in particular Thiamine, or by its difficulties in accessing
the mitochondria. One of the causes of S.N.H.L. in Wernicke
Encephalopathy is probably due to alter the glutamate uptake of
astrocytes glial cells of the brain leading to Excitotoxicity.
Myasthenia gravis: Myasthenia gravis is an autoimmune
neuromuscular disease that causes fluctuating muscle weakness
and fatigability. It is an autoimmune disorder in which weakness
is caused by circulating anti bodies that hinder acetylcholine
receptors at the post synaptic neuromuscular junction, inhibiting
the excitatory effects of the neurotransmitters acetylcholine
on nicotinic receptors throughout neuromuscular junctions.
Acetylcholine is the chief neurotransmitter of the efferent
auditory pathways. Dysfunction of this neurotransmitter may
cause cochlear damage in Myasthenia gravis disease. [23].

The correlation between Meniere, Otosclerosis,
Auditory Neuropathy, Temporomandibular Joint
Disorders with CNS

Otosclerosis disease and CNS: One of the etiology of
Otosclerosis disease is measles virus.Otosclerosis is association
with primary Sub acute Sclerosing Panencephalitis (SSP). SSP
is rare chronic, progressive encephalitis caused by Measles
Virus, a defective measles virus infection of the central nervous
system and leads to positive immuno reaction in areas of active
Otosclerosis. Medications which are used for the treatment of
SSP such as antiviral Medications may be useful for the treatment
of Otosclerosis and evaluation of Measles Virus in the serum of
patients which therapists suspicious to Otosclerosis can be used
as one of the tests beside other tests for differential diagnosis
between Otosclerosis and similar pathologies such as Superior
Semicircular Canal Dehiscence(SSCD), Tympano sclerosis,
Ossicular Chain and so on ,because Measles Virus is involved
in Otosclerosis and may not involve in these pathologies.
Otosclerosis has been reported in CNS pathologies such as
Fabry’s disease. One of the features of this disease is reddish_
purple blemishes as the same as Measles. However, Measles is
not probably implicated in Fabre disease. [24-26].
Meniere’s disease and CNS: In Meniere’s patients neuro
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endocrine logical pathways (Hypothalamic–pituitary –adreno
cortical axis) controlling stress can be disrupted probably due
to decline of hypothalamic dopaminergic inhibition of prolactin
secretion. Increasing cortisol levels impact the endo lymphatic
homeostasis leads to a deterioration of hearing at high
frequencies (particularly 2KHZ) in the early stage of Meniere’s
disease. However, many Meniere’s patients have low tone loss
in the beginning the disease [27,28]. According to these finding
Dopamine Agonist Medications may be useful for the treatment
of Meniere’s disease.

Case report: A female patient who had suffered from Meniere’s
disease referred to our office ten years ago. She had slight
hearing loss at high frequency (2 and 4KHZ=20dB HL) in her
left ear with severe vertigo but now she has flat S.N.H.L. with
SRT=40dB HL in left ear and vertigo attacks has been reduced
(patient said) comparing to ten years ago that she had slight high
frequency hearing loss.
Auditory neuropathy and CNS: CNS pathologies could cause
Auditory Neuropathy such as Brain stem de myelination,
multiple sclerosis and crypto coccal CNS infection. Auditory
Neuropathy could also cause CAPD. [29-31].

Temporomandibular Joint Disorders (TMJD) and CNS: It
sounds that there is a relationship between TMJD and CNS.
There is some evidence which indicated that hyperactivity of jaw
closing muscles may originate in the CNS. TMJD also could cause
sensorineural hearing loss and conductive hearing loss (otitis
media), so it should be considered in diagnosis of idiopathic
suddenly sensory neural hearing loss, sensory neural hearing
loss and Otitis Media with Effusion (OME). Tinnitus, vertigo and
otalgia are the other otologic symptoms of TMJD. [32-37].
Suddenly Hearing loss following infarctions: One of the
major labyrinthine artery is anterior inferior cerebellar artery.
Infarction of this artery could cause suddenly S.N.H.L. [38].
Whereas infarction of other parts of brain may cause hearing
loss such as bilateral temporal embolism and Basal ganglia
infarction which has been mentioned before.
Suddenly S.N.H.L. following anti depression and addictive
drugs, contraceptive pill: There is a significant relationship
between depression and hearing impairment. Anti depression
and addictive drugs also could cause suddenly S.N.H.L. For
example suddenly hearing loss has been reported pursuant to
Fluvoxamine and Mirtazapine therapy [39,40]. Fluvoxamine
is a serotonin reuptake inhibitor. (It increases serotonin)
Mirtazapine is a Norepinephrine – Serotonin reuptake inhibitor.
(It increases Nor epinephrine-Serotonin) Addictive drugs also
cause suddenly hearing loss.

Case report: A 25 years old male patient who suffered from
bilaterally sudden S.N.H.L. following using Crack (Drug abuse).
The hearing result was bilateral S.N.H.L. with SRT =80HL
and poor SDS. The patient did not have any experience of
working in noisy environment, hypertension, diabetes, or
any other diseases. Crack initial effect is to release a large
amount of Dopamine. Although anti depression and addictive
drugs have different side effects such as hypertension which
may cause lesion in peripheral hearing system, but changing
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Neurotransmitters levels in the brain may be one of the reasons
of hearing loss in these patients. Contraceptive pill cause
suddenly S.N.H.L probably due to changes in neurotransmitter
receptor concentrations [41].

Suddenly Hearing loss following multiple sclerosis
(MS)

MS (Multiple Sclerosis) disease could be causing suddenly
S.N.H.L. In a study unilaterally sudden deafness occurred in two
patients who had MS with lesions in the pontine and medulla
oblongata both are situated in the brain stem. [42]

The correlation between diabetes and stress with S.N.H.L:
S.N.H.L. and suddenly S.N.H.L. are common in diabetes and
patients who suffer from stress. Diabetes causes damage in
the CNS and Peripheral system. One of the reasons of S.N.H.L.in
diabetes patients is Micro angiopathic disease in the inner ear
which causes S.N.H.L. particularly high tone loss. High tone loss is
a typical shape of hearing loss in diabetes patients, but diabetes
may cause S.N.H.L. because of damage in the CNS(typically
in the Hippocampus and cortex)specifically in those patients
who have low tone loss or flat S.N.H.L. [43,44]. Stress changes
catecholamines level (Dopamine ,Nor epinephrine, Epinephrine)
at blood and resulted to the exaggeration of cochlear sympathetic
innervation and S.N.H.L.[45,46].
Case report: A 45 years old male diabetic patient who had
experience of sudden deafness in his left ear two years ago,
referred to our clinic immediately after sensation of Tinnitus
and suddenly hearing loss in his right ear without complaining
of dizziness or vertigo. The patient had no experience of
working in noisy environment or hypertension, stress, anxiety,
depression and other diseases except diabetes. Tympanometry
and Otoscopy revealed normal middle ear function in both ears.
Acoustic Reflex was absent in both ears (IPSI and CONTRA).
Audiometry indicated severe to profound flat S.N.H.L. in both
ears with poor SDS. Imaging results was normal. The patient
underwent of intra tympanic steroid therapy in his right ear.
Unfortunately after 3 sessions of injection no improvement of
hearing was seen.

Suddenly hearing loss following stress (case report): A
55years old male patient who was cardio surgeon referred
to our clinic immediately after filling Tinnitus and suddenly
hearing loss in his right ear following stress. He had experience
of sudden deafness in his left ear some years ago .He had no
complaints of dizziness or vertigo and did not have hypertension,
diabetes or any other diseases. The patient suffered from sleep
disorder following suddenly hearing loss too, which probably
indicated dysfunction in Neurotransmitters. Otoscopy and
Tympanometry revealed normal middle ear function in both
ears. Acoustic reflex was absent in both ears. (IPSI and CONTRA)
Audiometry suggested bilateral severe to profound S.N.H.L with
poor SDS. MRI result was normal. The patient underwent of
intra tympanic steroid therapy. After two sessions of injection,
hearing loss in right ear returned to near normal hearing but
hearing improvement was not stable and hearing returns to
severe to profound hearing loss with poor SDS in right ear. If
suddenly hearing loss in this patient was occurred because of
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dysfunction in Neurotransmitters, could medications which
regulate Neurotransmitters level be helpful to improve hearing
loss? Further investigations need to determine this subject.

Conclusion

We hear with our brain the same as our ears. There is a
significant relationship between brain disorders and hearing
impairment. Not only dysfunction in central auditory system
may cause hearing impairment, but also dysfunction in non
auditory system in the brain may impact on hearing system.
There are many theories for idiopathic suddenly S.N.H.L, viral,
ischemia, Autoimmune diseases and so on, but we suggested
that dysfunction in Neurotransmitters as another hypothesis
in suddenly S.N.H.L. Neurotransmitters have important role in
hearing system, so dysfunction in Neurotransmitters should be
considered in diagnosis and treatment of hearing loss. Evaluation
of Neurotransmitters in the blood, cochlea and brain is possible
with technologies included of high – performance liquid
chromatography, electro chemical detection, MR-Spectroscopy,
in vivo micro dialysis [47]. There are several Neurotransmitters
which are involved in hearing system, but we deal with some of
them in this study. Dysfunction in Peripheral hearing system may
cause dysfunction in Central Auditory system and dysfunction
in Central Auditory system may impact on peripheral hearing
system. Most of the diseases such as Otosclerosis and Meniere’s
diseases which are peripheral pathologies originate from CNS.
There is always a reason for hearing loss. Even Presbycusis has
different types depends on site and type of lesion. Finding out
the reason of hearing loss helps therapist for treatment or at
least prevent of hearing impairment.
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