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Abstract
The aim of this study was to investigate auditory cortex function in the context of auditory stimuli in a patient with auditory
agnosia due to bilateral lesions confined to the auditory radiations. A male patient experienced mild left temporal hemiplegia
because of right putaminal hemorrhage at the age of 43 years. Thereafter he recovered completely but hypertension
persisted. When he was 53 years old, he suffered left putaminal hemorrhage and went into a coma. After recovering from the
coma and right hemiplegia he could hear but could not discriminate speech sounds. Brain CTand MRI demonstrated small
bilateral lesions confined to the auditory radiations. Magnetoencephalography demonstrated the disappearance of middle
latency responses and auditory-evoked potential studies showed a very small Pa peak. In contrast, a positron emission
tomography study demonstrated a marked increase in blood flow in the bilateral auditory cortex in response to both
click and monosyllable stimuli. It is speculated that the auditory cortex receives functional projections from the cochlea via
non-specific pathways in the cerebral hemispheres.
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Introduction

Auditory agnosia is caused by bilateral lesions in the

auditory cortex, auditory radiation or medial geni-

culate body [1�/4]. However, in the case of bilateral

lesions involving only the auditory radiations, it is

not known what function remains in the preserved

but isolated auditory cortex.

There are two parallel auditory systems in the

brain [5]. The most important is the primary

auditory pathway, which conveys neural signals of

speech, music and environmental sounds from the

cochlea through the cochlear nerve, brainstem

auditory pathway and medial geniculate to the

auditory radiation and auditory cortex. The other

system is the non-specific auditory pathway, which

conveys neural signals from the cochlea through the

pontine and thalamic reticular formation or medical

geniculate body to the cerebral cortex.

The aim of this study was to investigate whether

function is absent or present in the auditory cortex of

a patient with auditory agnosia due to bilateral

lesions of auditory radiations but with a preserved

auditory cortex. The investigation was conducted

using magnetoencephalography (MEG), auditory-

evoked potential (AEP) studies and position emis-

sion tomography (PET). Many MEG studies of

auditory cortex function have been reported [6�/9]

but studies of patients with auditory cortex lesions

are rarely reported [10].

Case report

A male patient experienced left mild temporal

hemiplegia as a result of right putaminal hemorrhage

at the age of 43 years. Thereafter he recovered

completely but hypertension persisted. When he was

53 years old, he went into a coma due to left
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putaminal hemorrhage. After recovering from the

coma, he manifested mild right hemiplegia and

hearing problems. The hemiplegia resolved with

the exception of some residual weakness, but the

auditory problems persisted. Although the patient

could hear, he could not discriminate any speech,

music or environmental sounds. Brain CT and MRI

demonstrated localized small lesions in the bilateral

auditory radiation only (Figure 1). Pure-tone audio-

metry revealed bilateral mild hearing loss (Figure 2).

AEP studies (Figure 3) demonstrated a normal

electrocochleogram (EcochG), auditory brainstem

response (ABR) and middle latency response

(MLR). The K complex to sound stimuli was

clearly recorded on electroencephalography (EEG)

(Figure 4).

Neuropsychological tests demonstrated that

although the patient could not discriminate any

speech, music or environmental sounds he did not

have aphasia (Figure 5). He was diagnosed as having

auditory agnosia due to bilateral lesions confined to

the auditory radiation, with preservation and isola-

tion of the auditory cortex bilaterally. Subsequently,

his pure-tone threshold worsened in the higher

frequencies (Figure 2).

MEG, AEP and PET studies

Audiological and neuropsychological tests were con-

ducted to investigate the patient’s auditory function

and perception. Thirty-two-channel MEG was used

to study middle latency auditory-evoked magnetic

fields (MLAEFs), while electrical middle latency

responses (EMLRs) were simultaneously recorded

for comparison [5]. PET using fluorodeoxyglucose

was conducted to investigate blood flow in the

auditory cortex in response to auditory stimuli,

consisting of clicks and monosyllables.

MEG and AEP studies were conducted 4 years

after the second hemorrhage, at the time of the

second audiogram shown in Figure 2. They demon-

strated that MLAEFs were absent, with a very small

Pa peak in the EMLR (Figure 6). In contrast, the

PET study demonstrated increased blood flow in the

bilateral auditory cortex in response to clicks and

Japanese monosyllable verbal stimuli (Japanese

monosyllables generally correspond to consonant�/

vowel sounds in English). Cerebral blood flow

increased by at least 10% above the resting baseline

in areas of the auditory cortex, especially with verbal

stimuli, but did not reach the 20% increases typical

of normal subjects (Figure 7).

Discussion

In this patient, the results of audiological and

neuropsychological examinations were almost the

same as those in patients with auditory agnosia or

cortical deafness, which are caused by bilateral

lesions of the auditory cortex [2,3]. However,

because the auditory cortex was not damaged in

Figure 1. Brain MRI scan. In both hemispheres, the auditory

radiations are damaged (arrows ) by small brain infarctions.

Figure 2. Pure-tone audiograms recorded 1 and 4 years after the second hemorrhage. The tests reported here were performed at the time of

the later audiogram.
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our patient, our concern was to investigate, using

objective measures, whether the auditory cortex

could respond to auditory stimuli.

There are two auditory pathways in the brain

[5,11,12]. The most important is the specific audi-

tory pathway, which is used for auditory perception.

The other is the non-specific auditory pathway,

which is involved in arousal [5,12]. Although our

patient’s specific auditory pathway was damaged at

the subcortical level of the auditory radiation, the

non-specific auditory pathway was preserved. The

PET study demonstrated an increase in blood flow

in the auditory cortex of 10% (approximately half of

normal) in response to auditory stimuli. However,

Figure 3. Results of the AEP studies. EcochG, ABR and MLR were normal in the right and left ears.

Figure 4. EEG recording. The K complex to sound stimuli was recorded from all electrode leads (shadow area).
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Figure 5. Results of the auditory perception tests. (a) Speech audiometry demonstrated zero discrimination at any intensity. (b) The

environmental sound perception test showed poor performance as well (circles indicate correct responses). Normal individuals typically

score 100% on both the open-set oral responses and the much less difficult closed-set picture matching task.

Figure 6. (a) Typical simultaneous recordings of AMLR and MLAEF in a normal subject (25-year-old male). Right and left hemisphere

recordings were made with contralateral stimulation. The equivalent current dipole is superimposed on the audiometry cortex in the brain

MRI scan. The circle indicates the dipole localization. (b) Simultaneous recordings of AMLR and MLAEF in our patient. The Pam peak in

the MLAEF is absent in both hemispheres but a very small Pa peak is present in the AMLR of both hemispheres.
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the absence of MLAEFs and EMLRs indicated

impaired function of the specific auditory pathway

as a result of the bilateral lesions of the auditory

radiation. In patients with auditory cortex lesions,

MLAEFs and EMLRs have been reported to be

absent [10]. However, it is significant that our

patient could hear but could not discriminate most

speech, music and environmental sounds. This

discrepancy is considered to be caused by loss of

the specific auditory pathway and preservation of the

non-specific auditory pathway.

Finally, it is speculated that the auditory cortex

receives projections not only from the specific

auditory pathway but also from non-specific audi-

tory pathways in the cerebral hemispheres.
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[9] Mäkelä JP, Hämäläinen M, Hari R, McEvoy L. Whole-head

mapping of middle-latency auditory evoked magnetic fields.

Electroencephalogr Clin Neurophysiol 1994;92:414�/21.

[10] Kaga K, Kurauchi T, Yumoto M, Uno A. Middle-latency

auditory evoked magnetic fields in patients with auditory

cortex lesions. Acta Otolaryngol 2004;124:376�/80.

[11] Kraus N, McGee T, Littsman T, Nicol T. Reticular

formation influences on primary and non-primary auditory

pathways as reflected by the middle latency response. Brain

Res 1992;587:186�/94.

[12] Woods DL, Clayworth CC, Knight RT, Simpson GV, Naser

MA. Generators of middle- and long-\latency auditory

evoked potentials: implications from studies of patients

with bitemporal lesions. Electroencephalogr Clin Neurophy-

siol 1987;68:132�/48.

Figure 7. PET scans showing changes in regional cerebral blood

flow (CBF) in response to click and verbal stimuli (100 mono-

syllables). Top row�/averaged CBF image at rest. Middle two

rows�/increases in CBF over baseline in response to clicks. Lower

two rows�/increases in CBF over baseline in response to verbal

stimuli. The images show areas of 10% and 20% increases over

baseline blood flow. There are substantial areas showing 10%

increases in response to verbal stimuli and smaller areas showing

10% increases in response to clicks. No areas show 20% increases,

as would be expected in normal individuals.
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