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Abstract

Music perception deficits following acute neurological damage are thought to be rare. By a newly devised test battery of
music-perception skills, however, we were able to identify among a group of 12 patients with acute hemispheric stroke six patients
with music perception deficits (amusia) while six others had no such deficits. In addition we recorded event-related brain potentials
(ERPs) in a passive listening task with frequent standard and infrequent pitch deviants designed to elicit the mismatch negativity
(MMN). The MMN in the patients with amusia was grossly reduced, while the non-amusic patients and control subjects had
MMNs of equal size. These data show that amusia is quite common in unselected stroke patients. The MMN reduction suggests
that amusia is related to unspecific automatic stimulus classification deficits in these patients. © 2001 Elsevier Science Ltd. All
rights reserved.
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1. Introduction

Compared to other neuropsychological deficits there
are relatively few reports on music perception and
production deficits, amusia, in the literature. Most of
the reports concern single case studies with patients
exhibiting specific impairments of music perception and
production [4,14–16]. Because of the wide variability in
terms of music education and listening habits, however,
music perception deficits might have been overlooked in
clinical practice. In fact, in a recent study we could
demonstrate in a group of 20 unselected patients that
suffered from their first ischemic hemispheric stroke
that music perception deficits are quite common and
are due to the disturbance of widely distributed net-
works [18]. For this study, a new test battery was
designed to assess different aspects of music perception:

� lower-level auditory information processing by test-
ing discrimination of pitch,

� auditory memory function by testing recognition of
familiar songs,

� local (sequential) auditory information processing by
testing discrimination of interval-violated melodies
and rhythm-violated musical stimuli,

� global (parallel) auditory information processing by
testing discrimination of contour-violated melodies
and metre.
While it is clear that very specific music processing

deficits, e.g. pertaining to the hedonic qualities of mu-
sic, can occur in the absence of a disturbance in the
functions mentioned above, the processes addressed by
the battery can be argued to form the basic building
blocks of music perception [15,18].

About two-thirds of the patients presented with im-
pairments on the test battery. In broad stroke, patients
with damage to the left hemisphere showed deficits in
the discrimination of local as well as global structures
in both melodic and temporal information processing.
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Table 1
Pertinent patient data

Age/sex Hemisphere LocationAmusia Diameter (cm)Patient

yes1 60/m R parietooccipital 3.5
65/f Lyes parietal2 3

yes3 62/f L parietooccipital 3
yes4 71/m L central 2

61/m Lyes parietooccipital5 2.5
yes6 68/m R central 2

52/m L7 occipitotemporalno 3
30/m Rno precentral8 2

no9 67/m L parietal 2.5
21/m L10 frontotemporalno 4
71/f Rno parietal11 3.5
46/f12 Lno parietooccipital 2

Right-hemisphere-damaged patients on the other hand
revealed an overall impairment of music perception.
The data of this study contradicted a strong hemi-
spheric specificity for music perception, but indicate
cross-hemisphere, distributed neural substrates under-
lying musical information processing in the melodic
and temporal dimensions.

One reason for the high frequency of music percep-
tion difficulties in unselected acute stroke patients
with widely varying lesions may be a low level audi-
tory information processing deficit. We therefore de-
cided to test a subset of the patients using the
event-related brain potential technique. ERPs have
been shown to be useful both in the demonstration of
superior perceptual processes underlying the perfor-
mance of trained musicians (e.g. [5,9]) and the break-
down of such processes in neurological disease (e.g.
[10]). Here, we employed the so-called mismatch neg-
ativity (MMN), which is elicited by physically deviant
auditory stimuli occurring among frequent (‘stan-
dard’) events (e.g. tones or phonetic stimuli). It has
an onset latency of about 130 ms or even less and
extends to about 250/300 ms [12,17]. The MMN is
presumably generated by a comparison process be-
tween the sensory input from a deviant stimulus and
a neural sensory-memory trace representing the physi-
cal features of the standard stimulus [17]. This pro-
cess, as well as sensory analysis of auditory input and
its encoding into the memory trace, appear to be au-
tomatic since the MMN is elicited even by changes in
unattended auditory stimuli. It has therefore been
used to assess discriminative capabilities in individuals
whose auditory capacities are difficult to determine,
including infants, young children and those with
severe cognitive impairment [13]. Electro- and magne-
toencephalographic dipole mapping studies have local-
ized the generators of MMN to supratemporal
auditory cortex in the vicinity of Heschl’s gyrus
[6,11].

2. Method

Twelve patients fulfilling the inclusion criteria (MRI
verified first ischemic hemispheric stroke, no other cere-
bral lesions visible on scan, no psychoactive drugs, no
psychiatric disease, no hearing impairment) gave in-
formed consent to participate in the study. The data of
five additional patients had to be discarded because of
excessive movement artifacts. With the test battery six
patients were classified as having deficits in music per-
ception, while the other six patients did not show such
deficits (see Table 1 for a brief summary of patient
characteristics and Table 2 for test results of the amusia
test battery). A control group of neurologically healthy
subjects matched for age, sex, handedness, educational
background and musical training (n=11, four women,
mean age 57 years) was investigated as well. All tests
were performed 5 to 10 days after the stroke.

The experiment was devised as a passive listening
task with standard stimuli (in different runs) compris-
ing either 500 Hz or 1000 Hz sine wave tone pips (80
ms duration, 10 ms rise and fall time, approximately 80
dB(SPL)), while deviant tones (10% probability) had a
slightly altered pitch of either 475 Hz or 1050 Hz. The
inter-stimulus interval was randomized between 800
and 1200 ms. ERPs were averaged across all standard
tones and all target tones respectively. During the ex-

Table 2
Results for the subtests on the music tests (errors in %, [standard
deviation])

Amusia No amusia Controls aTest

17.9 [9.6]Pitch differences 4.1 [7.2] 3.3 [1.6]
18.3 [1.9]22.5 [9.0]36.4 [6.4]Melody changes

42.9 [9.0]Rhythm changes 21.5 [8.8] 16.2 [2.1]
44.1 [5.5] 29.5 [6.9] 22.5 [2.6]Metric changes

a 45 subjects (mean age 53.4 years, sd 11.6), 33 subjects without any
musical training, 12 subjects with minimal musical training (classified
according to Behne [3]).
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Fig. 1. Group averages for the patient and control groups. Patients
with amusia show a noisy and small MMN, while the patients
without amusia and control subjects display a normal MMN for
pitch deviant stimuli. Lower part: scatter plot of the individual MMN
amplitudes (mean-amplitude in time-window 130–200 ms, Fz-elec-
trode site) for the different experimental groups.

4. Discussion

The present data underscore the fact that music
perception difficulties are widespread among unselected
patients with acute hemispheric stroke [2,15,18], if
tested by a sensitive test battery designed to detect
music perception difficulties in subjects without musical
training. The ERP data suggest that these difficulties
are, at least in part, due to basic auditory information
processing deficits. The mismatch-negativity was found
to be reduced only in those patients who had been
classified as having music perception difficulties. The
MMN is found for stimuli that deviate in a train of
ongoing auditory stimuli. Recent research has indi-
cated, however, that the MMN can be found not only
for simple physical deviance (duration, pitch, loudness)
in single tones but also for deviants in complex tone
sequences [1,19]. This suggests that the MMN is related
to immediate auditory memory and integration pro-
cesses [21]. Clearly, a breakdown in the ability to
organize tone sequences or a deficit in streaming [20]
should lead to music perception difficulties. The present
data add to previously published results [10] of a reduc-
tion of the P3a component to novel stimuli in an active
auditory classification task in stroke patients with mu-
sic perception deficits. The P3a component is widely
regarded as an ERP index of automatic orienting.
Thus, the present data as well as the finding of a P3a
reduction point to a basic ‘automatic’ auditory infor-
mation processing deficits in a large proportion of
patients with acute stroke. Interestingly, MEG and
dipole modeling studies of the MMN have pinpointed
the temporal lobe as a generator of this ERP-compo-
nent [6], while most of the subjects of the present study
had lesions elsewhere. The generation of an MMN
might therefore rely on the intactness of more wide-
spread neural networks in addition to the generators
themselves. In addition, as patients were examined in
close temporal proximity to their stroke, MMN genera-
tors might have been influenced by diaschisis.

Several points seem to be important in the interpreta-
tion of these data. Firstly, it remains to be shown to
what extent music perception deficits persist in patients
with stroke and how these deficits influence the pa-
tients’ daily usage of music. Secondly, it is important to
replicate these findings in larger groups that will also
permit to ask questions as to the effects of different
lesion locations. Moreover, in such a larger group it
would be interesting to see which of the subtests of the
test battery correlates most with an amplitude reduc-
tion of the mismatch negativity. Finally, these data, of
course, do not imply that all cases of amusia might be
reduced to basic auditory information processing
deficits. As attested by several case reports [7,8], very
circumscribed musical deficits can be found especially
in musically trained patients that indicate that there are

perimental runs subjects were instructed to read a very
easy text provided to them.

ERPs were recorded from 19 tin electrodes (10/20
system) mounted in an Electro-Cap. A reference elec-
trode was placed on the right mastoid process. Analog
digital conversion was done at 250 Hz and averages
were obtained after artifact rejection (individualized
amplitude criteria on eye-channels/frontal channels) for
1024 ms epochs starting 100 ms prior to stimulus onset.
The MMN was quantified by mean amplitude measures
between 130 and 200 ms on the midfrontal (Fz) elec-
trode sites where the MMN is usually of largest ampli-
tude. These data were compared by one-way analysis of
variance followed up by Tukey’s post-hoc test for dif-
ferences between the three groups.

3. Results

Fig. 1 illustrates the grand average ERPs for the
three groups and the different stimuli for the Fz and Cz
midline electrodes as well as the scatter-plots of the
amplitudes of the individual subjects in the three
groups. The statistical analysis revealed a significant
effect of group (F [2,20]=8.2, P�0.003) with post-hoc
comparisons indicating that patients with amusia dif-
fered from both controls (P�0.05) and patients with-
out amusia (P�0.01).
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neuronal circuits specialized in the processing of differ-
ent aspects of music.
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