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Since the pioneering studies of Ferrier (1875) and Henschen
(1920), there has been a longstanding debate as to whether
bilateral destruction of either the primary auditory cortex or
the acoustic radiation results in auditory agnosia. In macaque
monkeys, bilateral lesions of the primary auditory cortex
apparently do not cause permanent deafness (Heffner and
Heffner 1990). Less recovery of function in the human brain,
compatible with the clinical diagnosis of auditory agnosia,
may or may not have been caused by the inclusion of the
surrounding auditory association areas (Lechevalier et al.
2007).

Tanaka et al. (1991) differentiated three clinical syn-
dromes of auditory agnosia: (1) disconnection syndromes,
destroying the acoustic radiation and causing auditory agno-
sia (prephonemic deficit); (2) cortical lesions of the left
superior temporal lobe may result in pure word deafness (lin-
guistic deficit) and (3) unilateral or bilateral temporoparietal
or subcortical lesions have been documented in patients with
non-verbal auditory agnosia (deficit to environmental
sounds). Lesions occurring peripherally to the MGB (pretha-
lamic) may cause hearing loss and those bilaterally located
centrally to the MGB (postthalamic) may result in auditory
agnosia. Small lesions of the MGB may be related to audi-
tory hallucinations (Fukutake and Hattori 1998). Pure word
deafness may be the result of left or bilateral temporal
lesions, possibly due to disconnection as suggested by
Liepmann and Storch (1902). Recent cases were reported by
Kaga et al. (2000; see Clinical case 7.4) and Levine and
Hausler (2001).

Disorders of music perception following cerebral dam-
age can be divided into two categories (Lechevalier et al.
2007):

1. Multimode perceptive disorders affecting more or selec-
tively musical sounds, but with verbal and environmental
sound difficulties

2. A pure amusia, where only music perception is affected
(for congenital amusia see Ayotte et al. 2000)

In both monkeys and humans, neurons in core areas
respond strongly to narrow-band sounds such as tones,
whereas neurons in belt areas respond better to more com-
plex sounds such as noise (Wessinger et al. 2001; Rauschecker
and Tian 2004; Tian and Rauschecker 2004; Bendor and
Wang 2006). Within the core areas, two mirror symmetric
tonotopic maps sharing a low-frequency border have been
identified, corresponding to Al and the rostral field R
(Formisano et al. 2003; Bendor and Wang 2006). In mon-
keys, a third core area (RT) has been found that lies rostral to
R (Kaas and Hackett 2000; Hackett and Kaas 2004). Kaas
and Hackett postulated that each core area is connected to
medial and lateral neighbouring belt areas (see Fig. 7.14),
with additional belt areas located on the rostral and caudal

ends of the core. Three of these lateral belt areas (caudal-
lateral, middle-lateral and antero-lateral) have been mapped

electrophysiologically and possess similar mirror tonotopic
maps to those of their adjacent core (Rauschecker and Tian
2004; Tian and Rauschecker 2004). In an fMRI study,
Patterson et al. (2002) identified a specific region in the lat-
eral part of Heschl’s gyrus that was preferentially activated
by temporally regular sounds with a pitch. They determined
that only lateral Heschl’s gyrus, a non-primary auditory
region rostrolateral to the primary auditory cortex, responded
to the temporal regularity of pitch of the acoustic stimuli.
Other imaging studies (Penagos et al. 2004; Schneider et al.
2005) have confirmed these findings. ‘

Musical perception is not a uniform competence in the
general population. Some patients will have had musical
training, others not. Peretz (2001) estimated that 5-10% of
individuals are completely unable to distinguish the pitches
of two notes of music or to memorize the smallest musical
tone. Geschwind and Galaburda (1985) suggested that right-
ward deviation from the usual pattern of cerebral asymmetry
may be associated with increased giftedness for talents for
which the right hemisphere is assumed to be important. With
MR morphometry, Schlaug et al. (1995) presented evidence
for structural brain asymmetry in musicians. Musicians with
perfect pitch revealed stronger leftward asymmetry of the
planum temporale than non-musicians or musicians without
perfect pitch. This suggests that outstanding musical ability
is associated with increased leftward asymmetry of the cor-
tex subserving music-related functions.

Neuropsychological studies in epileptic patients who under-
went a unilateral temporal cortectomy have contributed to
our knowledge of the localization of musical functions
(Liégeois-Chauvel et al. 1998). A right temporal cortectomy
was found to disturb melodic perception as well as the per-
ception of pitch intervals, whereas a left-sided lobectomy did
not disturb perception of the intervals. These data underline
the key role of the superior temporal gyrus in discrimination
of melodies. Cortectomy of the posterior part of T1, includ-
ing the planum temporale, the lateral part of Heschl’s gyrus
and Brodmann area 22, is more striking for the processing of
pitch and variations of rhythm than cortectomy of the rostral
part of T1. Disorders of the perception of rhythm and metre
(recognition of a cadence of march or waltz) can be dissoci-
ated. The right and left rostral parts of T1 would be impli-
cated in the processing of metre. Griffiths et al. (1997b)
reported a patient with lesions of the middle and posterior
temporal areas and the insula of the right hemisphere. The
patient complained of not being able to appreciate music.
Neuropsychological testing showed a deficit of musical per-
ception without disturbance of the perception of noises,
environmental sound and speech sounds. His ability to detect
continuous changes of sound frequency was preserved.
However, a disturbance in the analysis of rapid sequences of
notes seemed to be the basis of his musical perception deficit.
Neurcimaging studies have revealed that rhythm perception
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activates area 44 and that detection of pitch changes relies on
the left cuneus and precuneus (Platel et al. 1997, 2003).
Auditory hallucinations are observed in brain stem (Ross
et al. 1975; Cambier et al. 1987; Fisher and Tapia 1987;
Griffiths 2000) and temporal lobe (Lechevalier et al. 1985)
strokes. Cambier et al. (1987) reported five purely auditory
observations of hallucinosis (hallucinations, regarded by the

patient as abnormal), four of which were attributed to para-
median strokes of the pons and one to an infarct of the dor-
solateral mesencephalon. Auditory hallucinations following
temporal lobe lesions are unusual and have specific charac-
teristics (Liepmann and Storch 1902; Lechevalier et al. 1985;
Augustin et al. 2001; Evers and Ellger 2004; Sacks 2007; see
Clinical case 7.5).

Clinical Case 7.3 Auditory Agnosia Caused by Bilateral
Lesions Restricted to the Auditory Radiations

Bilateral lesions of the auditory radiations are rare (Tanaka
et al. 1991; Woods 1996; Kaga et al. 2005; see Case
report).

Case report: Kaga et al. (2005) reported-a patient with
auditory agnosia due to bilateral lesions of the auditory radia-
tions. A 43-year-old male patient experienced mild left tem-
poral hemiplegia due to a right putaminal haemorrhage. He
recovered completely but hypertension persisted. When he
was 53 years old, he had a left putaminal haemorrhage and

Fig. 7.15 Auditory agnosia caused by bilateral lesions restricted to
the auditory radiations. In the axial (a) and coronal (b) MRIs, the
auditory radiations are bilaterally damaged (arrows) by small brain

went into a coma. After recovering from the coma and the
right hemiplegia, he could hear but could not discriminate
speech sounds. Brain CT and MRI demonstrated small bilat-
eral lesions restricted to the auditory radiations (Fig. 7.15a, b).
Pure-tone audiograms recorded 1 and 4 years after the sec-
ond haemorrhage are shown in Fig. 7.15¢, d. MEG demon-
strated the disappearance of middle latency responses and
AEP studies showed a very small Pa peak. In contrast, a posi-
tron emission tomographic study showed a marked bilateral
increase in blood flow in the auditory cortex in response to
both click and monosyllable stimuli. This may be due to acti-
vation of the auditory cortex via non-specific pathways.

infarcts. Pure-tone audiograms recorded one (c) and four (d) years
after the second haemorrhage (from Kaga et al. 2005)
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Fig.7.15 (continued)

Selected References

Kaga K, Kurauchi T, Nakamura M, Shindo M, Ishii K (2005)
Magnetoencephalography and positron emission tomography stud-
ies of a patient with auditory agnosia caused by bilateral lesions con-
fined to the auditory radiations. Acta Otolaryngol 125:1351~1355
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Tanaka Y, Kano T, Yoshida M, Yamadori A (1991) “So-called” corti-
cal deafness. Clinical, neurophysiological and radiological obser-
vations. Brain 114:2385-2401

Woods RP (1996) Correlation of brain structure and function. In:
Toga AW, Mazziotta JC (eds) Brain mapping: the systems.’
Academic, San Diego, CA, pp 365-402

Clinical Case 7.4 Neuropathology of Auditory Agnosia
Following Bilateral Temporal Lobe Infarction

Severe auditory deficits due to bilateral lesions of the pri-
mary auditory cortex or the auditory radiations is very rare.
The resulting hearing problem is referred to as auditory
agnosia or cortical deafness. Kaga et al. (2000) reported a
patient who came to autopsy (see Case report).

Case report: Kaga’s case of auditory agnosia due to
bilateral lesions of the auditory cortex was first diagnosed in
1975 when the patient was 37 years old. He was admitted to
hospital for examination following his second cerebrovascu-
lar accident. MRI of the lesions on admission is shown in
Fig. 7.16a, b. A comprehensive follow-up examination of
auditory function was periodically conducted until his sud-
den death 15 years later. His brain was studied neuropatho-
logically. Initial pure-tone audiometry revealed moderate

sensorineural hearing loss in the right ear and mild sen-
sorineural hearing loss in the left ear. Repeated pure-tone
audiometry revealed that bilaterally thresholds became pro-
gressively poorer over time. Speech audiometry of both ears
consistently revealed that the patient was unable to discrimi-
nate any monosyllabic words. In general, speech and hearing
tests demonstrated that he could not comprehend spoken
words but could comprehend written commands and ges-
tures. Neuropathological examination of the brain revealed a
total defect and neuronal loss of the superior temporal gyrus,
including Heschl’s gyrus, and total gliosis of the MGB
(MGB; Fig. 7.16¢, d). In the right hemisphere, subcortical
necrosis, gliosis in the centre of the superior temporal gyrus
and partial gliosis of the MGB were found (Fig. 7.16c, e).
These data support the clinical observations of imperception
of speech sounds, music and environmental sounds, which
may be due to progressive degeneration of both MGBs.
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Fig. 7.16 Auditory agnosia following bilateral temporal lobe infarc-
tion. (a, b) Axial (here the left side is on the left) and coronal (here the
left side is on the right) MRIs showing a large infarct in the left hemi-
sphere and a small infarct in the right hemisphere including the auditory
cortex. (¢) Lateral views of the brain and two horizontal sections in
which the auditory cortex is present. In the right hemisphere, a small

infarct is present in the upper part of the lateral sulcus, whereas in the left
hemisphere extensive infarction can be seen in Broca’s area, the superior
temporal gyrus and the supramarginal gyrus. (d, e) HE-stained sections
of the medial geniculate body (MGB). In the left MGB, neurons have
been completely replaced by glial cells (d), whereas in the right MGB
(e) there is partial neuronal preservation (from Kaga et al. 2000)
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Fig.7.16 (continued)

Selected Reference

Kaga K, Shindo M, Tanaka Y, Haebara H (2000) Neuropathology of
auditory agnosia following bilateral temporal lobe lesions: a case
study. Acta Otolaryngol 120:259-262

Clinical Case 7.5 Auditory Hallucinations Following
a Metastasis in Heschl’s Gyrus

Case report: A 64-year-old patient presented with word-
finding difficulties. He suffered from coronary sclerosis
with exercise-induced angina pectoris but he had no previ-
ous neurological complaints. On neurological examination,
there were no focal signs but his speech was non-fluent
with word-finding difficulties and suboptimal comprehen-
sion. On hospital admission, he repeatedly complained of
auditory hallucinations, consisting of incomprehensible

words and sounds. On MR], a contrast-enhancing lesion
was found in the left gyrus of Heschl (Fig. 7.17) that
appeared to be part of a more lobular contrast-enhancing in
the left parietotemporal region with surrounding oedema.
The auditory hallucinations disappeared on treatment with
dexamethasone. A biopsy showed that the tumour was a
gemistocytary astrocytoma for which he was treated with
radiotherapy and temozolamide.

This case was kindly provided by Peter van Domburg
(Department of Neurology, Orbis Medical Centre, Sittard,
The Netherlands).
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Fig. 7.17 Tl-contrast MRIs of a metastasis in the left gyrus of Heschl that caused auditory hallucinations (courtesy Peter van Domburg, Sittard)

ohc ihc

Fig.7.18 Efferent control of the
cochlea. Abbreviations: Cod, Cov
dorsal and ventral cochlear
nuclei; ct corpus trapezoideum;
ihc inner hair cells; /I lateral
lemniscus; ocb olivocochlear
bundle; ohc outer hair cells; PON
periolivary nuclei; SO superior
olivary complex (after
Nieuwenhuys 1984)

7.5  The Descending Auditory System

Paralle] with the pathways from the organ of Corti to the
auditory cortex, there is an uninterrupted chain of neurons
conducting impulses in the opposite, descending direction.
The final link in this descending auditory system is formed
by the olivocochlear bundle of Rasmussen, which origi-
nates in the peri-olivary nuclei around the superior olivary

nucleus (Fig. 7.18). Most of the fibres of the olivocerebellar
bundle decussate in the tegmentum. They enter the vestibular
nerve and join the cochlear nerve via the vestibulocochlear
anastomosis (Schuknecht 1993) to terminate in the inner and
outer hair cells of the organ of Corti. The human olivoco-
chlear system has been identified with acetylcholinesterase
histochemistry (Schuknecht et al. 1959) and choline acetyl-
transferase immunohistochemistry (Moore et al. 1999;
Moore and Linthicum 2004).
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