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Bilateral cortical lesions resulting in true deafness were 
first reported approximately 100 years ago.'" A detailed 
map of the auditory cortex, however, was derived only 
within the past 50 years, primarily from investigation 
in the cat and subhuman a rim ate.^ The few human stud- 
ies have shown the primary auditory cortex to be located 
around the posterior two-thirds of the sylvian fissure 
(Fig. l), especially in the anterior and posterior trans- 
verse temporal gyri-or Heschl's gyri-on the supe- 
rior portion of the temporal lobe.4 Each organ of Corti 

From the Otolaryngology Service, Wilford Hall USAF Medical Cen- 
ter, Lackland AFB (Dr. Vedder), the Otolaryngology Service, Fitz- 
simons Army Medical Center (Dr. Barrs), and the Carle Clinic 
(Dr. Fifer). 

The opinions expressed in this article do not necessarily represent 
the views of the Department of the Army or the Department of 
the Air Force. 

Presented at the Annual Meeting of the American Academy of 
Otolaryngology-Head and Neck Surgery, Atlanta, Ga., Oct. 
20-24, 1985. 

Submitted for publication May 18, 1987; accepted Dec. 16, 1987. 
No reprints available. 

Broca'r area 

Sylvlan 

has extensive bilateral projections to the primary au- 
ditory c ~ r t e x , ~  although experiments by Celesia4 have 
shown larger contralateral than ipsilateral response to 
auditory stimulation. 

This bilateral distribution of ascending auditory path- 
ways makes deafness secondary to a single cortical 
lesion highly Before the advent of brain- 
stem evoked responses and computed tomographic (CT) 
or magnetic resonance imaging (MRI) of the brain, 
diagnosis of cortical deafness was made only through 
exhaustive neurologic, speech, hearing, and psychiatric 
evaluation.6 The purpose of this article is to present a 
patient with cortical deafness and illustrate the use of 
auditory middle latency responses as an aid to diag- 
nosis. 

CASE REPORT 

In 1980, a 43-year-old man experienced a cerebrovascular 
accident (CVA) that involved the right frontal, temporal, and 
parietal areas of the cortex and a portion of the brainstem, 
with resultant dense left hemiparesis. The patient also ex- 
perienced a total loss of hearing in the left ear that was believed 
to be of either brainstem or end-organ origin. The right tem- 

Angular gyrus 

Wernlcke's area Primary auditory cortex 

Fig. 1. Lateral surface of brain shows primary and Wernicke's associative auditory centers, 
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M E l W E  THRESHOLD RESULTS 

Fig. 2. CT scan demonstrates 1980 right frontal temporal and 
parietal CVA (shortarrows) and 1984 left temporal and parietal 
CVA (long arrows). 

Fig. 3. Audiogram, 1984 CVA. 

poral lobe lesion would not have been expected to cause the 
left total hearing loss because of the bilateral nature of the 
ascending auditory pathways mentioned previously."-'" 

In 1984, he manifested acute onset of right-sided hemi- 
paresis. An enhanced CT scan demonstrated the old right 
cerebral infarct and a new infarct in the left posterior temporal 
and inferior parietal cortex and subcortical white matter 
(Fig. 2). Angiography revealed a left carotid artery occlusion 
for which a temporal artery to middle cerebral artery bypass 
was performed. Two days after this surgery, the patient 
experienced intermittent hearing loss that progressed to 
complete unresponsiveness to speech. Physical examination 
at this time revealed normal tympanic membranes and external 
auditory canals. The patient was unresponsive to speech and 
Weber testing with a 512 Hertz (Hz) tuning fork. His reading 
and writing ability was intact. His own speech was fluent, 
although mildly dysarthric. The neurologic examination re- 
vealed primarily the residual of his first CVA: mild left central 
facial paresis, spastic left hemiparesis, and decreased left- 
sided sensation. 

Standard audiometry confirmed the total hearing loss 
in the left ear (Fig. 3). In the right ear, the patient had 
speech awareness at 30 decibels (dB), but no speech 
discrimination. In conversation, he reported he knew 
when sound was speech, but could not understand the 
words. Auditory brainstem (ABR), middle latency 
(MLR), and late potential responses were recorded by 

use of broadband clicks, presented initially at 90 db 
through TDH-39 earphones. Multiple runs with 2048 
clicks were accomplished in an attempt to demonstrate 
reproducible waveforms. Averaging was accomplished 
on a Nicolet CA-1000 (Nicolet Corp., Madison, Wisc.) 
with band pass filters at 150 to 3000 Hz. The left ear 
could not be tested for any evoked response secondary 
to the severe hearing loss. The ABR with right ear 
stimulation was essentially normal for ipsilateral and 
contralateral recording (Fig. 4). The right MLR showed 
an abnormal ipsilateral recording, with small amplitude 
and unusual morphology of waves (Fig. 5). Waveforms 
were absent on contralateral right MLR recording. No 
repeatable ipsilateral or contralateral late potentials 
could be obtained with left ear stimulation. 

, 

DISCUSSION 
Cortical deafness is a marked impairment in hearing 

sensitivity despite an apparently intact peripheral and 
brainstem auditory p a t h ~ a y . ~  Unilateral temporal lobe 
lesions in the primary auditory cortex cause only subtle 
auditory Cortical deafness is almost always 
the result of extensive bilateral temporal lobe lesions, 
although a unilateral white-matter lesion of the posterior 
temporal lobe, which disconnects the primary auditory 
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Fig. 4. Right ear ABR, performed after 1984 CVA. 
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Fig. 5. Right ear MLR, performed after 1984 CVA. 
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center from Wenicke’s associative center and interrupts 
callosal fibers to the opposite auditory cortex, can the- 
oretically cause the same Cortical deafness 
can be divided into three separate entities: central deaf- 
ness, auditory agnosia, and pure-word d e a f n e s ~ . ~ . ~  

In central deafness, the patient is totally deaf as a 
result of bilateral destruction of the primary auditory 
cortex. Some functioning auditory cortex remains in 
auditory agnosia and the patient has some residual hear- 
ing, but cannot discriminate or name nonspeech sounds. 
The patient with pure-word deafness cannot discrimi- 
nate speech even though the words spoken can be heard. 
In reality, the three entities are usually not so distinct 
in an individual patient.’-I0 

Although similar, cortical deafness can be distin- 
guished from aphasia. Aphasia is defined as an acquired 
disorder of a previously intact language function sec- 
ondary to brain damage.” An example of expressive 
aphasia is Broca’s aphasia, in which the patient can 
understand speech but is unable to speak coherently 
because of damage in Broca’s motor association area 
of the inferior frontal cortex (Fig. 1). The receptive 
aphasia closest to pure-word deafness is Wernicke’s 
aphasia, caused by destruction of the auditory associa- 
tive cortex adjacent to the primary auditory cortex 
(Fig. 1). Since it is the associative, or “decoding” 
center, that is destroyed, the patient with Wernicke’s 
aphasia also has difficulty with reading in addition to 
loss of speech discrimination. The content of speech is 
usually meaningless, even though the fluency or motor 
function is intact. In pure-word deafness, the defect is 
an isolated inability to comprehend spoken language, 
whereas reading and speech function are performed 
normally. I ’  The pathologic defect in pure-word deaf- 
ness, whether a bilateral temporal lobe lesion or a deep 
unilateral lesion in the dominant posterior temporal 
lobe, spares Wernicke’s associative area. It is possible, 
then, to differentiate the aphasias from cortical deafness 
caused by damage to the primary auditory cortex. 

The diagnosis of cortical deafness has been facilitated 
by demonstration of (1) the anatomic defect on CT or 
MRI scans, and (2) the functional defect with auditory 
evoked responses. The short latency auditory evoked 
potentials cover the first ten milliseconds (ms) after 
auditory stimulation and are familiar to the clinician as 
the typical ABR used for acoustic neuroma and thresh- 
old screening. The MLR begins at 10 ms and extends 
to fifty to eighty m ~ . ’ ~ - ’ ~  The most robust MLR wave, 
Pa, occurs at approximately 30 ms.I3 Late potentials 
may continue to 500  millisecond^.'^-'^ 

The ABR measures the integrity of ascending audi- 

MLR to be useful in the diagnosis of cerebral lesions, 
basic audiometry and ABR must be normal. The MLR 
generator, while less extensively studied, has been gen- 
erally accepted to be located in the area of the primary 
auditory c o r t e ~ . ~ , ~ , ’ ~ - ’ ~  This finding is not universally 
held, as Parving” presented a patient with bilateral 
temporal lobe lesions who had normal MLR recordings. 
Most physicians believe, however, that lesions in the 
primary auditory cortex cause a decrease in amplitude 
or distortion of MLR waves over the involved hemi- 
sphere.I4 In patients with normal ABR, the finding of 
an abnormal MLR is evidence of damage to the auditory 

The patient presented in this report was a difficult 
diagnostic challenge because he had no speech discrim- 
ination in the face of nearly normal pure-tone audi- 
ometry. The MLR was helpful in pinpointing this pa- 
tient’s lesion to the auditory cortex. Based on the CT 
findings and the functional testing with ABR and MLR, 
it could be determined the discrimination loss was cor- 
tical deafness caused by the CVA that occurred in 1984. 
It was impossible, of course, to tell if the resulting 
pure-word deafness was caused by the combination of 
the bilateral auditory temporal lobe lesions or a deep 
unilateral auditory cortex lesion on the left side. In the 
rare patient with cortical deafness, the CT or MRI can 
demonstrate anatomic defects, and the MLR can give 
functional information about the primary auditory 
cortex. 

cortex.4.7.13.14 
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