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Summary. A case is reported of severe agnosia for verbal and non-verbal

sounds without associated aphasic disorder. A CT scan revealed bilateral,

temporal lobe lesions from two ischaemic accidents that had occurred 9 months

apart. The search for subtle deficits in this patient showed normal sensitivity to

changes in the intensity and frequency of simple sounds; in contrast, his ability

to discriminate sound duration and musical note sequences was severely
impaired. The simultaneous recording of the whole auditory-evoked response
pattern revealed no abnormality in the early components, which reflect the

activation of the auditory nuclei and pathways of the brain stem. However, the

middle and late components were delayed and slowed. These results and others

in the literature suggest that the neocortex in man, as in other mammals, plays

an essential role in the temporal aspects of hearing. Also, the two main

ingredients commonly recognized in auditory agnosia, i.e. word deafness and

the inability to interpret non-verbal sounds, are caused by the disruption of

elementary, bilaterally represented cortical functions which start the processing

of every kind of auditory information.
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Introduction

The classical identification of the neocortex with the capacity for auditory
sensation profoundly influenced early views of brain function in man as well as in
other animals. For the human auditory system, it was predicted that bilateral,
temporal lobe lesions would result in total deafness [11, 25]. By 1940, numerous
cases of cortical deafness resulting from bilateral damage to the temporal lobes had
been reported, which seemed to confirm this contention [2, 4, 10, 11, 16, 20,23, 24,
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27, 34]. In the last three decades, however, views on the functional role of the
auditory cortex in mammals have changed dramatically, and experimental
evidence points towards an essential contribution of the cortex to temporal
analysis and the storage of auditory information [9, 12, 30]. The same evidence
seems to indicate that the physical parameters of simple sounds can be analyzed at
subcortical levels. This has led many to question the existence of true cortical
deafness and to suspect that most published cases of cortical deafness were
inadequately tested, that the patients were suffering from auditory inattention
rather than deafness [15, 17, 33]. In the most convincing case, reported by Le Gros
Clark and Russell [16], the total hearing loss was probably due to concomitant
involvement of auditory subcortical structures [17]. Similarly, the temporary
deafness observed in other published cases {8, 35] could have been caused by a
transient inhibition of the thalamic structures underlying the lesion [17]. This
criticism of the classical concept of cortical deafness is supported by the latest
literature, describing extensive testing of patients with more refined audiological
methods. In four exceptionally well-documented cases published in recent years
[13, 14, 17], subjects with successive lesions of both temporal lobes showed only
slight impairment on pure-tone audiograms. On careful auditory testing, they were
able to discriminate pure sounds of different intensity and frequency, but showed
deficits in the discrimination of tone duration, auditory sequences and interaural
order. These perceptive disorders, which seem to indicate that the human cortex is
also involved in the temporal aspects of hearing, occurred together with auditory
agnosia, 1.e. the inability to interpret both verbal and non-verbal sounds, even
though the patient can hear them [26].

Case Report

M.C. is a 49-year-old, right-handed farmer with known hypertensive disease. In January 1979 he
suddenly had difficulty in comprehending words and was admitted to the neurological division of
Ferrara Hospital. On admission, he showed fluent aphasia, right-sided hemiparesis, and left-
sided focal EEG changes. A left carotid arteriogram was normal and a diagnosis of left cerebral
infarct was made. The symptoms cleared up within 4 weeks and the patient was discharged aftera
month in hospital. Neurological examination 2 months after discharge revealed no residual
language deficit. He had no more complaints until October 1979, when he suffered a new stroke
with a sudden left-sided hemiparesis, which cleared within 2 h. A few hours later, when seen by his
family doctor, the predominant finding was a complete inability to understand anything that was
said to him. Despite this, he was able to give a clear account of what had happened to him and to
follow stories in the newspaper. In the subsequent months, his inability to understand spoken
words remained unchanged and his wife also noted that he had difficulty in distinguishing the
nature of sounds. When he was sent to us in February 1980, he appeared alert and oriented.
Neurological examination revealed no abnormality except slight spasticity and increased tendon
reflexes in the right limbs, without clonus or Babinski’s sign. On testing higher cortical
functions, a complete inability to understand spoken words and a severe lack of recognition of
non-verbal sounds were detected. On repeated language evaluations (Language Test devised by
the Association for the Development of Neuropsychological Research, Milan, 1974), he was
unable to understand spoken language, to repeat or write from dictation. Spontaneous speech,
reading, reading comprehension, writing spontaneously and copying were all preserved. Naming
by vision, touch and olfaction were almost entirely correct. On the Token test[7] given by written
commands, he scored 29/36. There was no deficit in articulation or speed of speech, although he
spoke loudly and did not generally say more than necessary. His ability to recognize familiar, non-
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Fig. 1. CT scan showing bilateral temporal low-density lesions, more extensive on the left than
on the right

verbal sounds was examined by means of a test similar to that proposed by Spreen and Benton
[31]. The test consisted of 26 tape-recorded environmental sounds relayed binaurally. First, the
patient was asked to name the sounds. Then he was asked to match each sound with a picture
selected from an array of 3 pictures for the 13 sounds in set A and an array of 2 pictures for the 13
sounds in set B. The patient was able to name only 4 of the 26 sounds correctly. In general, he said
that he did not know the sound and when invited to guess the name his answer was bizarre,
without auditory or semantic similarity to the test sound. His ability to match the sound with the
corresponding picture was no better than chance: two and four correct choices in sets A and B,
respectively. On the other hand, he was able to discriminate simple sounds of varying loudness
and pitch. The patient usually gave the right answer as to how many notes were touched on an
instrument, whether the second note was higher or lower, louder or softer than the first. In
contrast, he had great difficulty in judging whether the second note was longer or shorter than the
first. Similarly, his ability to discriminate whether two successive sequences of seven notes were
the same or different [6] was severely impaired. Because of his poor musical knowledge, the
possibility of an amusia could not be adequately evaluated; however, the patient was unable to
recognize melodies very familiar to his generation. Of interest was the fact that he had no
difficulty in locating the source of a sound in the room or at least in giving the direction of sound.
The neuropsychological examination did not reveal any additional deficit. On the WAIS his non-
verbal IQ was 90. When tested by WMS Form I, the patient scored normally on information,
orientation, mental control and visual representation, all given by written commands.

A CT scan showed bilateral, temporal low-absorption defects, which were felt to be most
consistent with old infarctions (Fig. 1).

On the audiological evaluation, pure-tone threshold was flat and revealed a hearing loss of
40 dB for both ears. No speech-audiogram could be obtained because of the patient’s failure to
comprehend words even at the maximal intensity of 120 dB. Impedance values and tympanogram
were normal, while ipsilateral and contralateral stapedius reflexes were present. Auditory-evoked
response analysis was performed by means of the method described by Prosser et al. [22, 26]. This
method gives the simultaneous recording of the whole auditory response pattern (early, middle
and late auditory-evoked potentials) and therefore permitted us to follow the travel of a neural
excitation along the whole auditory pathway as a composite response to unitary stimulus, The
stimulus consisted of 2,000 unfiltered clicks (100 pus square pulses) mono-aurally delivered by
earphones, with an interstimulus interval of 750 ms. The intensity of click was at 90 dB. The 0dB
reference was the average subjective threshold of 10 normal hearing subjects. The electrode
position was vertex-ipsilateral mastoid, with forehead grounded. The signal was amplified and
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Fig. 2. Simultaneous recording of the whole auditory response pattern (early, middle and late
potentials) evoked by click stimuli within 400 ms latency, according to the method described by
Prosser et al. {22, 29]. The various components of the responses are labelled according to the
criteria suggested by Picton et al. [28]. Trace a is the normative template obtained by averaging
three normal subject responses. Traces b and ¢ are the patient’s right and left ear responses,
respectively. When compared to the normal pattern (trace a), the patient’s responses (traces b
and ¢) show a normal pattern of the early components (0-10ms), which reflect the activation
of the auditory nuclei and pathways of the brain-stem. On the contrary, abnormalities can be
observed in both the middle (10-50 ms) and late (50-400 ms) potentials. The patient’s auditory
responses show the components F;, N,, P, Ny, P; shifted in latency, with a maximum delay of
50ms for P, (trace ). Aremarkable increase in interpeak latency values, causing a drift of the later
components, can be noted in the region between Po and F, for the right ear response (trace b)

and in the region between P; and Pi for the left ear response (trace ¢). The late potentials are
readily identified, but their configuration seems to reflect poor synchronization of neural
discharge

filtered by a band-pass 0.5-3,000 Hz (6 dB/oct). Analogical-digital conversion, averaging and
data processing were performed on-line on PDP 11/03. The signal was sampled over 4,096 points
with a frequency of 10 kHz. In order to display all the components of the evoked response in a
single trace, the time axis was compressed non-linearly, reducing the sample number from 4,096
to 512. Figure 2 shows the patient’s evoked responses to click stimuli delivered in right (trace b)
and left (trace c¢) ears compared to the response template (trace @) obtained by averaging three
responses recorded from normal hearing subjects. The various components of the responses are
labelled according to the criteria suggested by Picton et al. [28]. As can be seen, no abnormality
was detected in the early components (0-10 ms), which reflect the activation of the auditory nuclei
and pathways of the brain-stem. Abnormalities were, however, detected in both the middle
(10-50 ms) and late (50-400 ms) potentials, which would reflect the activation of the auditory
thalamus and cortex [28]. When compared to the normal pattern, the patient’s right and left ear
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responses showed the components B, Ni, Py, Ny, P; shifted in latency, with a maximum delay of
50ms for Pi. A remarkable increase in interpeak latency values, causing a drift of the later
components, was noted in the region between Py and P, for the right ear response and in the
region between P, and P, for the left ear response. Moreover, some components (P, Pz) of the left
ear response appeared to be poorly defined because of their low voltage and consequent decrease
of signal to noise ratio. The late potentials were readily identified, but their configuration seemed
to reflect poor synchronization of neural discharge.

In the following months, the patient’s visits to the neurological clinic were frequent and
regular. It was consistently observed that no change occurred in his neuropsychological and
audiological abnormalities. His most recent neuropsychological evaluation in May, 1981
showed no modification of auditory agnosia. Sometimes an effort to understand spoken words by
lip-reading was noted but, as reported by his wife, this ability was very limited and this strategy
not often used.

Discussion

In the case reported here, there was clinical evidence of a condition of auditory
agnosia without associated aphasic disorders. The patient showed a severe lack of
recognition of non-verbal sounds and a complete inability to understand spoken
language, to repeat or write from dictation. Spontaneous speech, reading, reading
comprehension, writing spontaneously and copying were all preserved. A CT scan
revealed bilateral damage to the temporal lobes from two successive ischaemic
accidents that had occurred 9 months apart. The first accident affected the left
hemisphere and caused a receptive aphasia that cleared up within a month; the
second, right-sided stroke caused the reported findings, which have remained
essentially unchanged until the present time.

In this case, as in other published cases of auditory agnosia [1, 17, 19, 26}, the
first, left-sided stroke caused only a temporary impairment in the comprehension
of spoken language, whereas the second led to complete loss of this ability. In
Lhermitte’s opinion [17], a clinical evolution of this sort can hardly be explained on
the basis of a strict lateralization of language to the dominant left hemisphere. On
the contrary, it suggests that cortical brain mechanisms involved in speech
perception are represented more bilaterally than those underlying expressive
speech. However, speech perception requires psychological processes distinct from
all other forms of human perception [18] and physiological mechanisms not
available to non-human mammals [21]. This apparent uniqueness of speech code is
no doubt related to the phenomenon of cerebral dominance and strongly suggests
that only the dominant left hemisphere is capable of identifying speech sounds [32].
So, in our own case, it is likely that the recovery of the aphasic disorder after the
first stroke was due to a reorganization of function within the left hemisphere.
Inability to understand spoken language caused by the second, right-sided stroke
was not aphasic in nature, but a component of a more generalized disorder
resulting from disruption of elementary, bilaterally represented mechanisms
involved in the perception and analysis of critical acoustic cues. With regard to the
fact that aphasia cleared up in spite of the extensive damage to the left hemisphere,
it must be emphasized that areas concerned with language seem to be less precisely
localized within the dominant left hemisphere than the motor cortex and the
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primary visual areas [3]. This, if true, would suggest that neural basis of language
may vary from subject to subject and that individual variations exist in the capacity
for reorganization and recovery of function after damage to the language areas
[26]. This view would account for the fact that our own patient, like the case
recently reported by Oppenheimer and Newcombe [26], could still talk, read and
write, although the left hemisphere was dominant for speech, as suggested from the
details of the first episode of aphasia with associated right-sided hemiparesis.

Our patient was able to discriminate simple sounds of varying loudness and
pitch. In contrast, he was unable to discriminate simple sounds of varying duration
and musical note sequences separated in time. Identical findings have been
reported by Lhermitte et al. [17] in three cases of auditory agnosia, including two
examined by post-mortem. Taken together, these findings support the idea that the
neocortex in man, as in other mammals [30], plays an essential role in the temporal
aspects of hearing. In contrast, the physical parameters of sound could be analyzed
at subcortical levels. From this, it would seem reasonable to suppose that many of
the temporal functions which the human auditory cortex shares with non-human
mammalian cortex are represented bilaterally and that such functions are
especially disrupted in auditory agnosia. In other words, if one agrees with the view
that speech perception is also partly dependent on many of the same temporal
analyses known to be performed by the auditory cortex in non-human mammals
[30], the two main ingredients commonly recognized in auditory agnosia, i.e. word
deafness and the inability to interpret non-verbal sounds, would be caused by
disruption of the phylogenetically older, bilaterally represented cortical functions
that start the processing of every kind of sound.

On the audiological evaluation, this patient had a nearly flat pure-tone hearing
loss of 40 dB. Similar deficits have been found in most published cases of auditory
agnosia [1, 5, 14, 15, 17] and no doubt are not adequate to account for the
impairment observed in these patients. In our own case, moreover, the simul-
taneous recording of the whole auditory-evoked response pattern did not reveal
any abnormality in the early components and , therefore, seemed to exclude any
involvement of the auditory nuclei and pathways of the brain-stem. In contrast, the
middle and late components were delayed and slowed.
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