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Cortical deafness is a clinical rarity whereby a patient is unresponsive to all types of sounds
despite the preserved integrity of the peripheral hearing organs. In this study, we present a pa-
tient who suddenly lost his hearing following ischaemic infarcts in both temporal lobes with no
other neurological deficits. The CT confirmed damage to the primary auditory cortex (Heschl’s
gyrus) of both hemispheres. Initially, the patient was unresponsive to all sounds, however, he
regained some of the auditory abilities during 10 months follow up. Pure tone threshold im-
provement from complete deafness to the level of moderate hearing loss in the right ear and
severe in the left was observed in pure tone audiometry. Otoacoustic emissions, auditory
brainstem responses, and acoustic reflex findings showed normal results. The middle and late
latency potential results confirmed objectively the improvement of the patient’s hearing, how-
ever, after 10 months still, they were somewhat compromised on both sides. In speech audi-
ometry, there was no comprehension of spoken words neither at 3 nor at 10 months. The
absent mismatch negativity confirmed above mentioned comprehension deficit. The exten-
sive auditory electrophysiological testing presented in this study contributes to the under-
standing of the neural and functional changes in cortical deafness. It presents the evolution of
changes after ischaemic cerebrovascular event expressed as auditory evoked potentials
starting from short through middle and long latency and ending with event-related potentials
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Introduction

Cortical deafness is a clinical rarity whereby auditory sig-
nals cannot be perceived by the auditory cortex despite pre-
served integrity of the peripheral hearing organs, as men-
tioned by Silva, et al. [1]. In this condition, a patient is
unresponsive to all types of sounds caused by lesions in the
central auditory nervous system. This clinical entity is linked
to four categories, as described by Musiek, et al. [2]. The first
category involves a bilateral compromise of temporal lobes
with extensive damage to the primary auditory cortex (Hes-
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and supported by neuroimaging.
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chl’s gyrus). Other categories involve damage to subcortical
structures associated with hearing that form connection be-
tween sensory and perceptual acoustic signal processing. The
second and third categories involve unilateral temporal lobe
damage or bihemispheric compromise of structures includ-
ing the insula, inferior colliculus, cerebellum, posterior inter-
nal capsule, thalamic regions, and medial geniculate body,
both combined with damaged Heschl’s gyrus. Forth category
involves damage to other areas associated with hearing such
as inferior parietal lobe, supramarginal gyrus, anterior angu-
lar gyrus, inferior-frontal lobe, planum temporal also com-
bined with damage to the primary auditory cortex.

Cortical deafness presents unique assessment challenges
as well as treatment difficulties [3-7]. Even though pure tone
audiometry shows complete deafness and there is no word
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reception in speech audiometry, the objective measures of
peripheral auditory function are normal including acoustic
reflexes and auditory brainstem responses (ABR). Patient re-
covery is unpredictable and usually the cortical deafness is
transient and evolves with time into more selective hearing
disorders [2,4,7-9].

In this study, we present a patient who suddenly and com-
pletely lost his hearing following ischaemic infarcts in both
temporal lobes causing substantial damage to the primary au-
ditory cortex with no other neurological deficits. The exten-
sive auditory electrophysiological testing presented in this
study and supported by neuroimaging contributes to the under-
standing of the evolution of the neural and functional changes
in cortical deafness after the ischemic cerebrovascular event.

Case Report

Ethical consideration

The study was approved by the Local Institutional Ethics
Committee where the study was conducted (AKBE/163/2018).
The patient has given full written and informed consent, both
for the participation and the publication of the report. The
project conforms to The Code of Ethics of the World Medical
Association (Declaration of Helsinki).

Patient information

A 42-year-old right-handed male with bilateral deafness
referred to our department to diagnose his complete hearing
loss. Three months earlier, he experienced complete hearing
loss while watching TV. On the day of the incident, he was
admitted to a hospital to neurology ward where left temporal
lobe ischaemic stroke was diagnosed. CT revealed acute isch-
aemic stroke on the left side and former on the right. As it
stays in the patient’s medical documentation from that time,
the physical examination did not reveal any neurological
symptoms and signs except positive Babinski on the left side
and bilateral deafness. The former stroke in the right tempo-
ral lobe was denied by the patient stating he did not experi-
ence any stroke before nor he underwent any neuro- or head
imagining in the past. The patient did not have any symptoms
at the time of the first ischemic event in the right temporal
lobe, he did not notice any problems with hearing before. The
old infarct in the right temporal lobe was an incidental find-
ing. At the neurology ward where he was first admitted, due
to the ischemic event and the serious cardiologic problems in
the patient’s medical history (described in detail in the later
section named Medical history—comorbid diseases), the pa-
tient received the following medications: acenocoumarol (with
prothrombin time derived measure International Normalized
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Ratio control), digoxin, eplerenone, metoprolol, ramipril, to-
rasemide. However, his hearing did not improve. He was dis-
charged from the neurology ward and referred to an otolaryn-
gology ward close to his hometown where he was diagnosed
with bilateral deafness, suggested hearing aids, and referred to
an audiologist in the outpatient department. The audiologist
suggested cochlear implantation, however, the patient did not
agree to proposed surgical treatment at that time. After three
months, the patient referred to our department seeking help by
himself due to his deafness.

Testing protocol

The medical history of the patient was taken along with
otolaryngological and neurologic examination. The patient
underwent extensive audiological testing including pure tone
audiometry, speech audiometry, impedance audiometry, oto-
acoustic emissions, auditory brainstem evoked responses (ABR).
The cortical deafness was suspected and auditory middle la-
tency responses (MLR) and long latency responses (LLR),
as well as mismatch negativity (MMN), were performed. Ta-
ble 1 presents stimuli characteristics and signal acquisition
parameters used for auditory electrophysiologic testing men-
tioned above. The patient was tested twice, first when he re-
ferred to our department the first time, which is three months
after the stroke incident and second 10 months after the stroke
as a follow-up.

The first and second CT scans were performed right after
the stroke on the same day and three days later in the local neu-
rology department close to where the patient was living and
where he was admitted on the day of the cerebrovascular in-
farct incident. Ten months after the stroke again CT scans of
the brain were performed in our department as the follow-up.
MRI was not performed due to the implanted cardiac-pace-
maker.

Medical history—comorbid diseases

Carefully taken medical history revealed surgery for trans-
position on the great arteries in early childhood, paroxysmal
atrial fibrillation, cardiac-pacemaker implantation, thrombo-
sis of the left subclavian vein, and veins of the lower limbs in
the past, and Hepatitis C treated with interferon thirteen years
ago.

Clinical findings, diagnostic assessment, and therapeutic
intervention

At the time of three months after the stroke, when the pa-
tient referred to our department, the otorhinolaryngologic
examination did not reveal anything specific other than bilat-
eral deafness. The communicative contact with the patient at
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Table 1. Stimuli characteristics and signal acquisition parameters for the following auditory electrophysiological testing performed: audi-
tory brainstem response (ABR), middle latency response (MLR), late latency response (LLR), and mismatch negativity (MMN)

ABR MLR LLR MMN
Stimulus Click Click 1,000 Hz “DA" (frequent stimulus)
“DI"” (deviant stimulus)
% presentation NA NA NA 80% frequent
20% deviant

Intensity 90 dB HL 70 dB HL 90 dB HL frequent
80 dB HL deviant

Rate 27.7 per second 7.1 per second 1.1 per second

Polarity Alternating

Transducers Insert earphones

Filters 100—3,000 Hz 10—300 Hz 1-30 Hz

Amplification 100 k

Montage

Electrode placement Inverting (-) right or left mastoid non-
inverting (+) high forenead ground low

forehead

50 k
Ipsilateral array

100 k

Inverting (-) right or left mastoid non-inverting (+) vertex
ground low forehead

that time was difficult and presented a challenge. The patient
claimed that he did not hear any sounds completely or under-
stand spoken language. Although sometimes he seemed to
understand what was being said to him because he answered
questions adequately, however, a few seconds later he claimed
he was unable to hear anything. Sometimes he tried to lip read,
however, was not trained in it yet. The patient did not report
any tinnitus at any time. The patient’s speech was fluent and
grammatically correct without any signs of aphasia. Orienta-
tion, calculations, and memory function were all intact. He fol-
lowed written commands and answered written questions with-
out any problems but presented big difficulties in maintaining
his attention. The patient presented a changeable mood from
cheerful to sad and aggressive sometimes. He was frustrated
not to hear anything.

The pure tone audiometry was difficult to perform, the pa-
tient claimed he did not hear any sound presented to the ears
and gave random answers. For speech audiometry, he did not
repeat any monosyllabic word, again stating he was unable
to hear anything (Fig. 1). Impedance audiometry revealed
type A tympanograms on both sides with stapedial reflexes
within 90—95 dB SPL. Distortion products otoacoustic emis-
sions were registered at all tested frequencies from 1,000—
6,000 Hz with sound-to-noise ratio (SNR) ranging from 6.5
to 30. ABR presented regular morphologies with latencies
and amplitudes within normal limits on both sides (Fig. 2).

MLR were inconclusive with Na-like waves on both sides
with latencies around 20 ms. The LLR showed a response on
the left side with the latency of P1 around 75 ms and N1 around
110 ms, and probable P1-N1 complex on the right side. The
P1-N1 complex seemed to be compromised for both sides

with wide N1 on the left and disturbed morphology of both P1
and N1 on the right. The MMN measured from the subtraction
of two stimulus-evoked waveforms was absent on both sides
(Fig. 2).

The extensive auditory electrophysiological testing sup-
ported by CT confirmed cortical deafness diagnosis. The pa-
tient was advised to attend psychological therapy and speech
therapy to learn an alternative way of communicating with
other people. He was also advised to use personal frequency-
modulated (FM) systems [10]. His next follow-up visit was
scheduled in the next seven months.

Follow-up diagnostics and outcomes

The patient followed the advised therapeutic intervention,
however, he neglected the use of personal FM systems due
to his economic problems. Ten months after the stroke the
patient’s hearing slightly improved. He was able to detect
some sounds and claimed that sometimes he could under-
stand some words, however, most of the time he just ac-
knowledged hearing some sounds and experienced difficul-
ties to identify the exact source or their exact nature. He was
still unable to comprehend spoken words. He learned more
to lip read, which was very helpful in his everyday life. The
communicative contact with the patient was much better
than 7 months earlier. The patient was much more peaceful
and did not present such a changeable mood as before. He
was more willing to cooperate during testing and maintain-
ing attention was much better than the previous time.

The pure tone audiometry disclosed moderate hearing loss
thresholds in the right ear and severe in the left (Fig. 1). For
speech audiometry, the patient did not repeat any monosyl-
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Fig. 1. Pure tone audiometry (first row) and monosyllabic speech au

diometry (second row) results in a patient with cortical deafness 3

months (first column) and 10 months (second column) after a stroke of both temporal lobes. There are no thresholds detected at 3
months, and moderate hearing loss thresholds in the right ear and severe in the left at 10 months. In speech audiometry, the patient was
not able to discriminate any presented monosyllabic word at any intensity neither 3 nor 10 months after the stroke.

labic words, claiming he just heard something unspecific, he
was unable to understand the words. Impedance audiometry
revealed type A tympanograms on both sides with stapedial
reflexes within 85—95 dB SPL. Distortion products otoacous-
tic emissions were registered at all tested frequencies from
1,000—6,000 Hz with SNR ranging from 6.5 to 28. ABR
presented regular morphologies with latencies and amplitudes
within normal limits on both sides (Fig. 2).

The MLRs were detected on both sides with robust Na and
Pa waves and their latencies were about 25 ms and 45 ms on
the left side, respectively, and 25 ms and 40 ms on the right,
respectively (Fig. 2). The LLRs showed responses on both
sides with P1 and N1 latencies around 75 ms and 125 ms on
the left side, respectively, and 85 ms and 130 ms on the right,
respectively. However, the LLRs seemed to be compromised
with disturbed morphology of P1 and wide N1 on the left and
wide N1 on the right. The MMN was absent on both sides in
response to deviant stimuli (Fig. 2).

The patient was advised to continue attending psychologi-
cal therapy and speech therapy to train more in the alternative
way of communicating with other people and to train more
his conscious awareness to sounds [11]. He was again advised
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to use personal FM systems [10], which he neglected the oth-
er time. The patient expressed his willingness and strong mo-
tivation to continue the proposed therapeutic intervention
along with the use of FM systems because the outcomes so
far have been encouraging for him.

Radiological assessment

First CT revealed (Fig. 3), in the right hemisphere, large
hypodense lesion including transverse temporal gyrus of He-
schl, auditory radiations, ranging up the superior parietal
lobule-Brodmann area (BA) 41, 42, 40, 22, 5 and partial 3, 2,
1, and in the left temporal region smaller hypodensity which
included mostly transverse temporal gyrus of Heschl BA- 41.
The second CT performed 3 days later showed the progression
of hypodense changes in the left side with no contrast en-
hancement (Fig. 3), the lesion on the right side did not change.
Control CT performed 10 months after the stroke revealed
stable changes in the right hemisphere and clear hypodensity
on the left temporal lobe (Fig. 3).
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3 months after the stroke

10 months after the stroke
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Fig. 2. ABR (first row), MLR (second row), LLR (third row), and MMN (fourth row) recorded in a patient with cortical deafness 3 months (first
column) and 10 months (second column) after a stroke of both temporal lobes. The waves for each type of auditory evoked potential are
marked where applicable. ABR: auditory brainstem responses, MLR: middle latency responses, LLR: long latency responses, MMN: mis-

match negativity.

Discussion

Bilateral extensive damage of the primary auditory cortex
and/or auditory radiations due to cerebrovascular ischemic
events in both temporal lobes may result in a complete dra-
matic loss of hearing called cortical deafness [4-7,12], which
was the case in the patient described in this study. Neuroana-
tomical changes found in our patient fall into the category of
cortical deafness with the extensive primary auditory cortex
(Heschl’s gyrus) damage of both hemispheres as described
by Musiek, et al. [2]. The patient denied any previous cere-
brovascular event before the described acute one that caused
complete deafness. The first ischaemic infarct in the right
hemisphere was probably not clinically disclosed, even though
it was quite massive, and the present neurologic examination
revealed only positive Babinski on the left side. Neuroimag-

ing performed on the day of the present stroke and after 10
months revealed previous and stable ischemic changes in the
right hemisphere extending from transverse temporal gyrus
to the parietal lobe but with partial sparing of primary senso-
ry cortex. This could be clinically undetectable by the patient
even though included the whole auditory cortex on the right
side. Due to bilateral hearing pathways, the patient could not
experience any noticeable hearing problems at that time.

The hypodense lesion in the left hemisphere observed in
the first performed CT consisted of acute ischemic changes
that looked more apparent on the second CT three days later.
The lesion mostly affected the auditory cortex on the left.
Ten months later the changes in the left temporal lobe be-
came a little smaller probably because at the beginning the
ischaemic core was surrounded by edema that looked alike
in CT scans.
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CT scans on the day of the stroke

Fig. 3. CT of the brain performed on the day of the ischaemic stroke (first row), three days later (second row) and ten months later (third
row). The scans show former massive ischaemic infarct lesion in the right hemisphere and evolution of the smaller acute ischemic infarct
in the left temporal lobe. The first column presents axial section scans, second column coronal, third sagittal of the right hemisphere, and

fourth sagittal of the left hemisphere.

The presently described acute ischaemic infarct in the left
temporal lobe resulted in dramatic deafness experienced by
the patient. Initially, the patient was unresponsive to all types
of sounds, however, there were some auditory residual behav-
iors observed despite he completely denied hearing, which
stays in line with the literature available [2,6]. In 10 months
follow up, a small hearing improvement was observed in
clinical features reported by the patient as well as the pure tone
audiometry results. The patient claimed he could hear the en-
vironmental sounds and music, however, he still was unable
to understand the spoken language. The pure tone audiome-
try showed pure tone thresholds improvement to the level of
moderate hearing loss thresholds in the right ear and severe in
the left. The DPOAESs, ABR results, and acoustic reflex find-
ings showed normal results both at 3 and 10 months after the
stroke, which is consistent with the normal functioning of
the middle and inner ear and brain stem pathways. However,
there was no single word discriminated in speech audiometry
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neither at 3 or 10 months after the stroke. Those symptoms
suggest that cortical deafness in this patient evolved into
word deafness so far (also known as verbal auditory agnosia)
[4,7,8]. Word deafness is defined as an inability to under-
stand spoken words despite intact hearing with better pure
tone audiometry thresholds than would be expected by the
degree of speech comprehension deficit [2,9]. As observed in
the presented patient during the gradual, however still not
complete, recovery of auditory function cortical deafness often
evolves into word deafness. In the recovery process, the pre-
sented patient also was experiencing some degree of nonver-
bal deficits, including difficulties to identify the exact source
of heard sounds or their exact nature. However, difficulty
comprehending spoken words was the most distinctive defi-
cit in his condition.

The improvement observed in the presented patient may
be related to several factors. The neural connections in the
area of the infarct might recover to some degree, and/or neu-



ral fibers associated with hearing might redirect themselves
around the damaged part of the temporal lobe, and/or some
new neural fibers could be recruited and take over the func-
tions of the damaged ones. The MLR and LLR potentials
performed in the discussed patient might support this poten-
tial explanation. The Pa component of MLR was initially ab-
sent on both sides, however, appeared in MLR testing a few
months later. In the beginning, the LLR’s P1-N1 complex
with wide N1 was observed on the left side and P1 with prob-
able N1 on the right, and a few months later P1-N1 complex
was visible on both sides, confirming objectively the improve-
ment of patient’s hearing, however, still they were somewhat
compromised on both sides. The MLR and LLR results may
support the improvement of hearing the sounds; however, they
do not reflect any other signal processing like e.g. discrimina-
tion of sounds or comprehension of spoken words.

The event-related potentials were performed to evaluate
some more complex signal processing abilities. The absent
MMN confirmed above mentioned comprehension difficul-
ties. In the literature, similar observations are described, how-
ever, the extend of abnormalities is dependent on the extent
of the lesion in the cortical and subcortical parts of the brain
[3,12,13]. As mentioned before, over 10 months after stroke
the patient hearing improved to the level of environmental
sounds and music hearing ability, however with some degree
of problems with recognizing and processing the sounds. De-
spite that, his speech comprehension was still impaired. The
new or recovered neural connections to the cortex may sup-
port the process for hearing improvement observed, however,
further explanation may be as follows that they were not enough
in number and did not achieve their neural synchrony to pro-
vide speech comprehension. The probable dyssynchronous
input to the temporal lobes and associated structures would
result in no event-related potentials disclosed in the patient.
In other words, in this case, the cortex was probably deprived
of most of the necessary signal input required to generate po-
tentials such as MMN.

Recovery after stroke is still not fully understood phenom-
enon. There are few possible mechanisms i.e. modulation of
close to lesion cortical structures and function, or modulation
distant from the lesion with changes in ipsi- and/or contralat-
eral hemisphere interaction, or shifting of cortical representa-
tional maps, or alterations in functional connectivity. Recovery
could be spontaneous, which seems to be more probable in the
presented case or induced by treatment for example physical
therapy or stimulation therapies [14-16]. The understanding
of the underlying recovery mechanisms comes from studies
on patients or animals with mostly motor or verbal disturbanc-
es. There are only a few studies on patients suffering from ac-
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quired bilateral cortical deafness. Due to the patient’s medical
history and impossibility to perform more advanced imaging
in this patient i.e. MRI and functional MRI, it is not possible
to fully understand the nature of patients’ partial recovery. It
may be only speculated on which of the above mentioned re-
covery mechanisms played a more important role. Taking
into account only the CT performed in the patient, one may
speculate ischemic changes in the left Heschl’s gyrus ob-
served in CT scans lead to the modulation process of the near-
by primary auditory cortex. It might be explained by noticed
with time enlargement of the ischemic area with prolonged
penumbra and probable increasing edema that could have
lead to modulation of close to the lesion cortical structure
and function. However, the improvement due to other distal
brain modulation, for example, cross-modal synaptic plastic-
ity from other brain regions cannot be completely excluded
[17,18]. Regarding the old constant changes in the right
hemisphere that were from the beginning larger than on the
left side modulation changes or plasticity in this region was
very unlikely to happen at the time of recovery from the second
stroke.

In conclusion, cortical deafness presents unique diagnostic
challenges as well as treatment difficulties. Patient recovery
is unpredictable. In the presented case, cortical deafness was
transient and evolved with time into more selective hearing
disorder-word deafness, also known as verbal auditory agno-
sia. The extensive auditory electrophysiological testing per-
formed and presented in this case report contributes to the un-
derstanding of the neural and functional changes in cortical
deafness. It presents the evolution of changes in cortical deaf-
ness after ischaemic cerebrovascular event expressed as audi-
tory evoked potentials starting from short through middle and
long latency and ending with event-related potentials and
supported by neuroimaging.
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