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Spatial neglect is a common neurological syndrome in
which awareness of contralesional space is disrupted
after unilateral (typically right) stroke. Although most
research has focused on visual aspects of neglect, there
is increasing evidence that neglect can often be multi-
sensory. Here we focus on auditory disturbances that
can co-occur with visual neglect. Patients selected for
showing visual neglect often also show deficits in local-
ization of single sounds; and also in the detection or
identification of contralesional sounds, particularly in
the presence of an ipsilesional competitor. Moreover,
auditory and visual aspects of neglect often correlate in
their severity across patients. These results are con-
sidered in relation to recent neuroimaging findings
in the normal brain, showing that the brain regions
typically damaged in neglect patients might contain
multimodal representations of space.

Unilateral neglect is one of the most intriguing neuro-
logical conditions that arises after a brain lesion, and it
commonly occurs after right perisylvian damage (Fig. 1a).
Patients with unilateral neglect typically behave as if the
region of space contralateral to their brain lesion no longer
existed [1—-4]. They might ignore objects or people on their
left side, omit words on the left side of a page when reading,
omit left-sided details when drawing from memory or
copying (Fig. 1b), often fail to mark contralesional targets
in search-and-cancel clinical tests (Fig. 1c), and so on.
Neglect patients might also fail to groom the left side of
their own face, ignore touches on the left side of their body,
and/or fail to respond when addressed verbally from the
left side of space. It is now increasingly recognized that
neglect symptoms typically reflect a constellation of com-
ponent deficits, which can differ from one patient to
another (e.g. [1,4,5]; see [3] for a recent comprehensive
overview of the neglect syndrome). Impairments in spatial
attention [6] and/or spatial representation [7] have often
been considered crucial causes of neglect. Primary sensory
or motor deficits need not be present, but can contribute
[8,9]. In some cases, neglect can arise in imagery [8] or
spatial memory tasks [9] also, and this can apparently
dissociate from perceptual neglect for some patients [10].
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Fig. 1. (a) Cortical areas of the right hemisphere that have been implicated
in neglect lesions (illustration kindly supplied by Dr Chris Rorden). IPL, inferior
parietal lobe; IFL, inferior frontal lobe; MFG, medial frontal gyrus; STG, superior
temporal gyrus. Such lesions can be very large, but are typically centred on peri-
sylvian cortex and underlying white matter, and particularly on the temporo-
parietal junction (TPJ; blue circle). Crucially, all of the implicated areas are
broadly considered to be multisensory association cortex. (b,c) lllustrations of
visuospatial neglect as manifest on simple paper-and-pen tests. (b) When asked
to draw from memory or to copy, patients with left neglect (following right-
hemisphere damage) characteristically fail to produce left-sided information. (c)
When asked to cancel all the visual targets on a page, neglect patients typically
miss those on the contralesional (left) side.
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Despite this acknowledged complexity of the neglect
syndrome, until recently most research on perceptual
aspects of neglect has focused on the visual domain only.
However, there is now increasing interest in multisensory
manifestations of neglect [11-14], consistent with the
burgeoning literature on multisensory spatial processing
in the normal brain (see [15,16] for reviews). Here we focus
on possible auditory deficits in patients diagnosed with
visuospatial neglect, and where possible, we relate this to
recent neuroimaging findings on multisensory spatial
processing in the normal human brain. When patients
are selected for study because they show visual mani-
festations of neglect, they often exhibit characteristic
auditory pathologies also.

Auditory localization in neglect patients

When addressed verbally from the left in the clinic, right-
hemisphere neglect patients might either fail to respond,
or more commonly, behave as if they heard the voice
originating from their right (so-called ‘alloacusis’ [17]).
Apparent rightward shifts in sound localization have also
been observed experimentally (e.g. [18—21]) when neglect
patients were asked to point to a sound presented either in
free-field (from an external source; see Fig. 2a), or over
headphones (pointing to a location on their head). In
addition, deficits have been observed when using ‘auditory
midline’ tasks, in which patients adjust a continuous
sound (or make judgments on a discrete sound) to locate
it relative to the centre of the head or body midline
[19,22—24]. For sounds presented over headphones (with
either varied intensity at the two ears, or varied interaural
timing cues to sound localization), neglect patients
typically report a sound to be central when it is actually
lateralized towards the left (i.e. more intense or arriving
earlier at the left ear), as if there were a rightward shift in
perceived location (e.g. [19,24]).

However, systematic rightward biases in sound localiz-
ation have not always been found when using a pointing
task [25] or an auditory midline task [26]. Moreover, when
auditory midline tasks have been performed with free-field
sounds, neglect patients often reported that an external

sound seemed aligned with their head/body midline when
it was actually presented to the right (thus implying a
leftward shift in sound localization if one assumes that
perceived head/body midline is veridical, which it might
not be in neglect patients) [22,23]. We recently proposed
[15] that some of these discrepancies concerning the
direction of lateral shifts in sound localization for neglect
patients might actually relate to non-auditory aspects
of the task [13]. Motor or visuo-motor biases in pointing
tasks (e.g. [13,20]), or pathological distortions of perceived
head/body midline in auditory-midline tasks [27], could in
principle affect performance. Other tasks have recently
been developed to study auditory localization, that require
neither a directional motor response, nor any comparison
with the head/body midline. As described below, these new
tasks suggest that systematic lateral shifts in one direction
are unlikely to explain all auditory spatial disturbances in
neglect patients.

Increased uncertainty for contralesional sounds

When asked to discriminate verbally the relative position
(same vs. different) of two sounds in close succession,
neglect patients typically perform worse for pairs of
sounds originating from the contralesional side
(e.g. [24,28]; Fig. 2b). In addition, their electrophysiologi-
cal brain response to sudden changes in sound localization
(i.e. the mismatch negativity response observed in scalp
recordings of event-related potentials) is pathologically
reduced for contralesional vs. ipsilesional free-field sounds
[29]. This reduced discrimination for different free-field
sound locations within the contralesional side of space
(compared with discrimination within the ipsilesional
side) might in principle be reconciled with an erroneous
but systematic shift in sound location as discussed above,
provided one assumed any lateral shift was non-linear
(any strictly linear shift of sound position should still
maintain the relative differences in location for auditory
targets). Alternatively, the deficits in same/different dis-
criminations [24,28] might indicate increased spatial uncer-
tainty for sound position, especially for contralesional
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Fig. 2. Deficits for contralesional targets can also be revealed in the auditory modality for neglect patients. (a) In pointing tasks, neglect patients often mislocalize sound
positions to the right of the actual location (e.g. [20,21]); here the red concentric circles depict actual sound position, dotted green circle depicts the apparent position
indicated by pointing responses. (b) Neglect patients also have difficulty identifying the relative spatial location of contralesional auditory targets, as revealed by their poor
performance in judging the relative azimuth (i.e. lateral position) of two successive sounds with respect to each other (‘same/different’ task) [28]. (¢) Finally, localization
deficits have recently been shown [30] for free-field sounds, particularly in contralesional space, when judging their elevation (i.e. up versus down), suggesting that the
auditory localization deficits might involve increased uncertainty concerning the spatial source of contralesional sounds, rather than just systematic lateral shifts.
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stimuli, instead of a strictly systematic shift in heard
azimuth.

We examined this by studying performance in a speeded
discrimination task that concerned the vertical position
of contralesional or ipsilesional free-field sounds [30]
(Fig. 2¢). In such a task, any systematic pathological
shift in heard azimuth alone should presumably not affect
patients’ performance, because any purely horizontal shift
should not affect the relative vertical position of sounds. In
fact, we found that vertical discrimination by neglect
patients was slower and less accurate compared with
control right-hemisphere patients without neglect, especi-
ally for sounds from contralesional space (note that worse
performance in neglect patients emerged for ipsilesional
sounds as well, but to a lesser degree). This finding,
together with the evidence from impaired discrimination
of azimuth for successive contralesional sounds [24,28],
suggests that neglect patients might suffer increased
spatial uncertainty in their coding of sound locations, for
both the horizontal and vertical dimensions, and particu-
larly in the contralesional hemispace, rather than just
systematic horizontal shifts in localization.
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Poor detection or identification of contralesional sounds
in the presence of concurrent ipsilesional sounds

Although deficits in localizing single contralesional sounds
have often been reported in neglect patients (see previous
two sections), the patients usually detect these single
sounds with apparent ease in most localization studies
(e.g. [19-22,24,28,30]). This might appear to contrast with
characteristic clinical deficits affecting the visual modality
in neglect patients, where complete failures to detect or
respond to contralesional visual events are commonly
noted, rather than merely failures in localization. This
finding has classically been related to the different
anatomical organization of the auditory system, which is
less crossed than for other senses, with some ipsilateral as
well as major contralateral cortical projections of the input
reaching each ear. However, it should be noted that
whereas visual environments often present multiple con-
current stimuli (as do many tests used to assess visual
neglect; Fig. 1c¢), auditory testing of neglect patients often
proceeds with a single strong sound presented against
silence. Thus, the apparent discrepancy between detection
failures in neglect for vision vs. hearing might also relate

Box 1. High-level spatial disturbances in auditory neglect; not just suppression of the contralesional ear

Although free-field sounds presented from a contralesional location will
tend to be more intense at the contralesional ear (and if presented
monaurally over headphones, will only reach that ear), it has become
clear that the auditory deficits observed in neglect patients cannot all
be explained solely in terms of poor processing (or suppression) for
auditory information entering the contralesional ear [34,52]. Instead,
higher-level spatial disturbances are likely to be involved, as revealed by
the crucial role of subtle spatial factors in modulating auditory neglect.
One striking example is that identification of left free-field sounds can
sometimes improve in the presence of a fictitious visible sound source
(a ‘dummy’ loudspeaker) on the right, which reportedly made it seem
that the sounds originated from the right side instead [53].

A direct investigation of the role of apparent sound location with
respect to which ear the information enters was recently conducted by
Bellman et al. [34]. They asked neglect patients to identify concurrent
pairs of heard words. Either each word was presented to one ear only
(“dichotic’; Fig. la), or each word was presented binaurally but with
interaural time difference serving as the only lateralization cue (‘diotic’
or ‘stereophonic’ presentation method; Fig. Ib). With the latter pre-
sentation method, a person with normal hearing would still hear two
words that each appeared lateralized to opposite sides of space (left or
right), but each word now enters both ears with equivalent intensity.
Among four neglect patients, two showed poorer performance for left
than right words only with dichotic presentation (consistent with a
deficit for sounds entering the contralesional ear), whereas the other
two patients were impaired in reporting left words for both methods of
lateralized presentation (consistent with an identification deficit for
sounds perceived as originating from contralesional space).

Although the prevalence of the particular outcome described by
Bellman et al. remains to be determined, converging evidence from
other experimental paradigms also suggests that auditory spatial
deficits in neglect patients are unlikely to be explained solely in terms of
suppression of the auditory input at the contralesional ear. For instance,
a recent study by Carlyon et al. [54] suggests that deficits for left-ear
targets during dichotic presentation over headphones might relate
more to attentional factors than to sensory factors.
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Fig. . When asked to report concurrent words presented over headphones,
neglect patients often repeat only the word lateralized on their right side. This
phenomenon has typically been observed with (a) ‘dichotic’ presentation (i.e.
each word reaching one ear only), but has also been observed in some cases
with (b) ‘diotic’ or ‘stereophonic’ presentation (i.e. each word reaching both
ears with equivalent intensity, but lateralized in space owing to brief interaural
delays).
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to the presence vs. absence of competing stimuli for the two
modalities.

When two concurrent sounds are presented (thus
producing the minimal version of concurrent competing
stimulation), typically with one sound on each side, a
consistent failure to detect contralesional sounds has often
been reported in patients with visuospatial neglect, for
both free-field sounds [17] and headphone stimuli [31].
Similarly, identification deficits for contralesional sounds
in neglect patients have most commonly been observed
[32—34] during concurrent presentation of two sounds, one
on each side, rather than for a single sound presented in
isolation (but see [32] for poor identification of unilateral
left syllables presented free-field). Such effects with two
concurrent competing sounds (see Box 1) might be con-
sidered the auditory equivalent of visual or tactile
‘extinction’, in which the deficit for a contralesional
stimulus becomes more pronounced in the presence of a
competing ipsilesional stimulus [35]. Whether auditory
extinction is a deficit distinct from the impaired localiz-
ation for single sounds that can also be observed in neglect
patients awaits systematic investigation.

TRENDS in Cognitive Sciences Vol.7 No.9 September 2003

Non-spatial auditory deficits in neglect

Although the results reviewed so far suggest that auditory
deficits in neglect patients often affect one side of space
more than the other (i.e. with poorest performance for
contralesional sounds), some non-spatially-lateralized
auditory deficits have also been documented [36,37].
This appears to be in broad agreement with a growing
body of evidence suggesting that ‘non-spatial’ deficits
might also contribute to visual neglect (e.g. [38,39]; see [2]
for a recent review).

Non-spatial auditory deficits in neglect patients were
first observed in a task that required counting of the
number of occurrences of a particular auditory target
among a stream of sounds, of variable length, all presented
centrally [37]. This might reflect a general difficulty in
sustaining attention and maintaining arousal, rather than
a specifically auditory deficit. Auditory deficits have also
emerged when patients with visual neglect were asked to
listen to a short rapid sequence of auditory stimuli over
headphones, to detect which of the stimuli had a higher
pitch [36]. Despite the auditory stimuli always being
presented centrally, and the patients being able to detect
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Fig. 3. Scatterplots for correlations between clinical tests of visual neglect and several dependent auditory variables. Each point represents performance for one patient.
Higher values on y-axis indicate more omissions for left targets in visual cancellation tests (i.e. stronger visual neglect). There is a consistent relation overall between the
severity of clinical visual neglect (y-axis) and the extent of the auditory deficit on experimental measures (x-axis); (a) is the task shown in Fig. 2a; (c) the task in Fig. 2b;
(d) the task in Fig. 2c. Note that some datapoints (i.e. some individual patients) provide exceptions to this (e.g. the points circled in blue; see also Box 3).
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subtle pitch modulation for single auditory objects, they
were severely impaired at any comparison between two
sounds in a rapid sequence, possibly as a result of
pathologically limited attentional capacity.

Neglect-related auditory and visual deficits often
correlate in severity

The evidence reviewed above shows that many neglect
patients can exhibit auditory as well as visual deficits.
Moreover, many of these auditory deficits cannot merely
reflect peripheral sensory impairments (see Box 1).
Having established this, an important question is whether
auditory and visual deficits in neglect might reflect a
common multimodal disruption. One approach to this
issue is correlational. In a recent meta-analysis [13], we
examined how the severity of visual neglect on various
standard clinical measures (e.g. cancellation tests; Fig. 1c)
might relate to the severity of auditory neglect as revealed
by experimental measures of the types described above.
We specifically considered measures of auditory localiz-
ation using either pointing (Fig. 2a); successive same/
different discrimination (Fig. 2b); or speeded vertical
(up/down) judgments (Fig. 2¢); plus measures of auditory

Box 2. Functional neuroimaging of auditory space perception
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‘extinction’ in an identification task for concurrently
presented words (see Fig. I in Box 1). Remarkably, a
significant correlation between the severity of clinical
visual neglect and the experimental measure of auditory
neglect was found for the vast majority of the possible
relationships examined, thus suggesting that a relation-
ship is consistently found across many neglect patients
between several different visual and auditory measures
(see Fig. 3).

It is one thing to establish a consistent correlative
relationship (Fig. 3) but quite another to develop a
conclusive explanation for its existence. Potential inter-
vening variables such as lesion size and vintage still need
to be fully factored out by further research. Nevertheless,
the existing data (described more fully in [13]), already
provide a compelling case that visual and auditory neglect
are consistently correlated in severity in neglect groups
(although they might be dissociated in some rare indivi-
dual patients, despite being associated in most; see below).
Our working hypothesis concerning this empirical rela-
tionship is that neglect can often be caused by damage to
brain regions containing multisensory representations of
space, with the deficit consequently manifesting across

The notion that brain areas well beyond auditory cortex might play a
role in auditory space perception has arisen from both single-cell
recording studies in animals (e.g. [55]) and from neuropsychological
evidence in humans (e.g. [19]). Recently, functional neuroimaging
techniques (PET and fMRI) have contributed further to knowledge about
the cortical network of brain areasinvolved in auditory space processing
in the intact human brain. Activation in parietal and frontal cortex
has been observed in imaging studies that required participants to
compare the azimuthal position of two sequential sounds [49,56-58],
as well as in studies in which subjects were presented with sound
objects moving in azimuth [48,59-62]. The latter approach also showed
bilateral activations in the planum temporale, a region of the superior
temporal plane posterior to primary auditory regions [60-62]. More-
over, Pavani and colleagues [61] recently demonstrated a common
bilateral network of brain areas (again involving planum temporale,
parietal cortex and premotor cortex) that was activated in response
to both horizontal and vertical sound movement, in analogy with
the existence of neglect-related disturbances for auditory processing
of both azimuthal and vertical sound location (see Fig. 2b,c in main
text). The network activated in neuroimaging studies of auditory

spatial processing has been considered by some to reflect a ‘dorsal’
processing stream for auditory space perception (e.g. [56,57,63], but
see [64]).

Although some of these activations are found bilaterally (in apparent
contrast to the association of spatial neglect in humans with right-
hemisphere lesions in particular; Fig. la), stronger activation of the right
hemisphere has been reported (Fig. Ib), especially for the inferior
parietal lobule (e.g. [58,59]), which has often been highlighted for the
lesions that produce neglect. Converging evidence from magneto-
encephalography also confirms a potentially special role for right
parietal regions [65,66].

Two further aspect of Fig. | are notable. First, the brain areas that
show right lateralized activation in functional neuroimaging studies of
auditory space perception (Fig. Ib,c) have some rough correspondence
with the typical lesion of neglect patients (Fig. la here; see also Fig. 1a
in main text). This might explain the emergence of auditory spatial
difficulties in neglect patients. Second, many of the areas activated
by auditory spatial processing have also been shown to activate
multimodally, for visual or tactile, as well as auditory, stimuli and tasks
(e.g. [47,49,51]).
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Fig. I. (a) Example of a lesion in a neglect patient. The damage is centred on right inferior parietal cortex (circled), but also affects superior temporal cortex and white
matter. This patient has enduring visual neglect despite intact visual fields and no hemiparesis. (b,¢) Activation peaks from PET and fMRI studies in normal subjects of
auditory spatial processing superimposed on surface rendering of normalized right (b) and left (c) hemispheres, using the free-ware software MRIcro (www.mricro.
com). Activation peaks are colour-coded according to the contrast shown: delayed auditory-spatial matching vs. passive listening of central sounds (red; [49,58]),
delayed auditory-spatial matching vs. recognition of central sounds (violet; [56,57]), sound movement vs. stationary sounds (blue; [59-61]). The crucial point for
present purposes is that many of the areas implicated in neglect are activated in these auditory spatial tasks in the normal brain. Moreover, although much of the
network is bilaterally activated, some right laterality is apparent around the inferior parietal regions upon which neglect lesions are often centred (compare circled

regions).
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Box 3. Dissociations versus associations in
neuropsychology

Traditionally, neuropsychologists have based their conclusions on
dissociations between deficits (e.g. auditory neglect without visual
neglect, or vice versa), rather than on associations [31,67]. This has
been the conventional rule even when the dissociations are only
observed in rare, atypical cases, whereas an association between
deficits is frequently found, as we have observed for the correlated
auditory and visual deficits in neglect patients. The dissociative
approach in neuropsychology was widely adopted because any
association might in principle reflect damage to separate but
neighbouring subsystems in the brain. Note that on this traditional
approach, the only informative patients in scatterplots are those rare
cases who fall off the main regression line relating two deficits (here,
those showing severe visual neglect but little or no auditory neglect;
or vice versa; e.g. see circled points in Fig. 3 in main text). The fact
that the vast majority of patients show a clear relationship between
auditory and visual neglect would be deemed irrelevant.

However, this seems both potentially wasteful of data (most
patients showing deficits are rejected as uninformative), and poten-
tially capable of leading to overly strong conclusions about sepa-
rability. Thus, dissociations between auditory and visual neglect in
just afew cases might be taken (erroneously) to indicate that auditory
and visual spatial processing is entirely separable at all stages. But
in fact there might be multimodal stages of spatial processing, with
the lesions in the rare dissociative cases simply arising at earlier
unimodal stages, before multimodal convergence (see also [68]
for a related argument concerning neuropsychological deficits in
semantic memory).

We suggest that a complete neuropsychological explanation
should ideally account for both the overall pattern (here, a clear
associative relationship between visual and auditory neglect), and
also for the occasional exceptions to that pattern (i.e. the rare
cases showing dissociations between auditory and visual neglect).
Although it remains true in principle that any association might still
reflect damage to separate but neighbouring unimodal neural
populations, in practice high-resolution structural and functional
neuroimaging could now allow this concern to be put to empirical
test. On our testable working hypothesis, the empirical correlation
observed between the severity of visual and auditory neglect (that
most patients obey) should be the result of damage affecting brain
areas that are multimodal; whereas the rare dissociative exceptions
should have damage affecting only unimodal brain structures.

multiple sensory modalities, with correlated severity.
Recent functional imaging results from the normal
human brain provide evidence that could be relevant to
this hypothesis.

Multisensory brain areas for spatial processing

The typical brain injuries resulting in hemispatial neglect
for humans are centred on the right perisylvian region,
including inferior parietal [40], superior temporal [41] and
inferior frontal lobes [42] (see Fig. 1a). Such brain areas
are known to respond to multiple sensory modalities based
on single-cell recording studies in monkeys and other
animals [43-45]. Recent neuroimaging studies likewise
indicate the multisensory nature of areas here in the
human brain (see [15,46] for recent reviews). For instance,
multimodal activation in the intraparietal sulcus, inferior
parietal lobule and ventral premotor cortex has been found
in response to visual, auditory and tactile stimuli [47,48].
These brain areas have also been implicated in delayed
match-to-sample tasks for both auditory and visual stimuli
[49], and in audio-visual binding [50]. In addition, a
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Box 4. Questions for future research

e Do the rare patients in whom auditory and visual neglect
dissociate show systematically different lesions from the more
common patients in whom neglect has multimodal manifes-
tations that are associated in severity across the senses?

e Does any such difference in lesions correspond with functional
imaging data on unimodal vs. multimodal spatial representations
in the normal human brain?

e Can spared unimodal structures compensate for selective damage
to multimodal structures (and vice versa)? Does their interplay
change during recovery?

e Are multimodal structures normally used routinely even in
apparently ‘unimodal’ localization tasks, perhaps because they
can provide representations of space that are more stable than
those tied to a single sense, such as retinotopic location in vision,
somatopic in touch, and cranotopic in audition? Multisensory
representations of space might include postural factors.

e Do treatment interventions that ameliorate visual neglect have
corresponding effects on auditory neglect?

e How do visual and auditory neglect relate to tactile and
proprioceptive aspects of neglect, and even to representational
(e.g. imagery) or motor components?

o Do non-spatial aspects of neglect exacerbate spatial aspects, and
vice versa?

e The cortical network activated for auditory spatial processing
(see Box 2) has bilateral components, despite some right laterality
around the inferior parietal lobe. Hence some aspects of this
network should remain anatomically intact in neglect patients with
unilateral right-hemisphere lesions. Does this imply the existence
of some residual sound-localization abilities in neglect patients
(which might be implicit rather than explicit)? Or does right inferior
parietal cortex play the cardinal role in coordinating remote
components of the network, so that the functioning of the whole
network (including structurally intact left-hemisphere regions) is
disrupted after lesions there?

growing body of evidence suggests that some of these brain
regions (i.e. superior and inferior parietal lobe, frontal
premotor cortex) are implicated in multisensory spatial
attention to peripheral locations (see [51] for review).

These recent neuroimaging findings indicate that some
of the brain areas associated with neglect (e.g. in right
inferior parietal lobule) are multisensory, thus providing
one potential explanation for the correlatively-associated
auditory and visual deficits observed in neglect patients,
as described above (see Box 2). However, some functional
imaging data suggest that other ‘unimodal’ areas nearby
might be activated in auditory but not visual localization
tasks; or vice versa (e.g. see [47-49]). Damage to one or
other of these areas might explain why, in rare cases,
severe visual neglect can be seen in the absence of auditory
neglect, or vice versa. Note that in providing exceptions to
the usual correlative rule, the lesions in such dissociative
patients could provide important data for delineating
unimodal vs. multimodal brain areas, which might
converge with functional imaging results (see Box 3 for
further discussion).

Concluding remarks

Although research with neglect patients has usually
focused on their visual deficits, it is now well established
that most neglect patients have auditory as well visual
deficits; and we have found that these are usually corre-
lated in severity. Auditory localization is disrupted, espe-
cially for contralesional sounds, and such sounds can fail to


http://www.trends.com

R

be identified or even detected, especially in the presence of
competing ipsilesional sounds. Although some of these
effects might involve deficits to sensory auditory pathways
from the contralesional ear, this cannot explain all of the
auditory deficits seen (Box 1), nor their association with
the severity of visual neglect (Fig. 3). Functional imaging
evidence from the normal human brain suggests that the
regions typically lesioned in neglect patients are involved
in multimodal spatial processing, providing one natural
explanation for why neglect frequently has multisensory
manifestations (see Box 4).

Acknowledgements

Our thanks to Dr Masud Husain for his helpful comments and figure
suggestions. F.P. was supported by an individual Marie Curie Fellowship
of the European Community (HPMF-CT-2000-00506). E.L. is supported
by a MURST Grant (Italy). J.D. is supported by an MRC (UK) Programme
Grant for the crossmodal aspects of this research, and by the Wellcome
Trust, and he holds a Royal Society—Wolfson Research Merit Award.

References

1 Halligan, PW. et al. (2003) Spatial cognition: evidence from visual
neglect. Trends Cogn. Sci. 7, 125-133

2 Husain, M. and Rorden, C. (2003) Non-spatially lateralized mechan-
isms in hemispatial neglect. Nat. Rev. Neurosci. 4, 26—36

3 Karnath, H.O. et al. (2003) The Cognitive and Neural Basis of Spatial
Neglect, Oxford University Press

4 Vallar, G. (1998) Spatial hemineglect in humans. Trends Cogn. Sci. 2,
87-97

5 Barbieri, C. and De Renzi, E. (1989) Patterns of neglect dissociation.
Behav. Neurol. 2, 13-24

6 Mesulam, M.M. (1999) Spatial attention and neglect: parietal, frontal
and cingulate contributions to the mental representation and atten-
tional targeting of salient extrapersonal events. Philos. Trans. R. Soc.
Lond. B Biol. Sci. 354, 1325—-1346

7 Bisiach, E. (1993) Mental representation in unilateral neglect and
related disorders: the twentieth Bartlett Memorial Lecture. Q. J. Exp.
Psychol. A 46, 435—-461

8 Bisiach, E. and Luzzatti, C. (1978) Unilateral neglect of represen-
tational space. Cortex 14, 129-133

9 Ellis, A.X. et al. (1996) The bailiwick of visuo-spatial working memory:
evidence from unilateral spatial neglect. Cogn. Brain Res. 3, 71-78

10 Guariglia, C. et al. (1993) Unilateral neglect restricted to visual
imagery. Nature 364, 235—-237

11 Ladavas, E. (2002) Functional and dynamic properties of visual
peripersonal space. Trends Cogn. Sci. 6, 17-22

12 Maravita, A. and Driver, J. (2003) Tool use and crossmodal integration:
evidence from the normal and damaged brain. In Handbook of
Multisensory Integration (Stein, B.E. et al., eds), MIT Press (in press)

13 Pavani, F. et al. Auditory deficits in visuospatial neglect patients.
Cortex (in press)

14 Vallar, G. (1997) Spatial frames of reference and somatosensory
processing: a neuropsychological perspective. Philos. Trans. R. Soc.
Lond. B Biol. Sci. 352, 1401-1409

15 Calvert, G.A. (2001) Crossmodal processing in the human brain:
insights from functional neuroimaging studies. Cereb. Cortex 11,
1110-1123

16 Spence, C. and Driver, J. (2003) Crossmodal Space and Crossmodal
Attention, Oxford University Press

17 Heilman, K.M. and Valenstein, E. (1972) Auditory neglect in man.
Arch. Neurol. 26, 32—35

18 Altman, J.A. et al. (1979) Effects of unilateral disorder of the brain
hemisphere function in man on directional hearing. Neuropsychologia
17, 295-301

19 Bisiach, E. et al. (1984) Disorders of perceived auditory lateralization
after lesions of the right hemisphere. Brain 107, 37-52

20 Pavani, F. et al. (2003) Task-dependent visual coding of sound position
in visuospatial neglect patients. NeuroReport 14, 99—-103

21 Pinek, B. et al. (1989) Audio-spatial deficit in humans: differential

http://tics.trends.com

TRENDS in Cognitive Sciences Vol.7 No.9 September 2003 413

effects associated with left versus right hemisphere parietal damage.
Cortex 25, 175—-186

22 Vallar, G. et al. (1995) Spatial hemineglect in back space. Brain 118,
467-471

23 Kerkhoff, G. et al. (1999) Contrasting spatial hearing deficits in
hemianopia and spatial neglect. NeuroReport 10, 3555-3560

24 Tanaka, H. et al. (1999) Sound lateralisation in patients with left or
right cerebral hemispheric lesions: relation with unilateral visuo-
spatial neglect. J. Neurol. Neurosurg. Psychiatry 67, 481-486

25 Ruff, R.M. et al. (1981) Auditory spatial deficit in the personal and
extrapersonal frames of reference due to cortical lesions. Neuro-
psychologia 19, 435-443

26 Cusack, R. et al. (2001) Auditory midline and spatial discrimination in
patients with unilateral neglect. Cortex 37, 706—-709

27 Ferber, S. and Karnath, H.O. (1999) Parietal and occipital lobe
contributions to perception of straight ahead orientation. J. Neurol.
Neurosurg. Psychiatry 67, 572-578

28 Pavani, F. et al. (2001) Deficit of auditory space perception in patients
with visuospatial neglect. Neuropsychologia 39, 1401-1409

29 Deouell, L.Y. et al. (2000) Electrophysiological evidence for an early
(pre-attentive) information processing deficit in patients with right
hemisphere damage and unilateral neglect. Brain 123, 353—-365

30 Pavani, F. et al. (2002) Selective deficit of auditory localization in
patients with visuospatial neglect. Neuropsychologia 40, 291-301

31 De Renzi, E. et al. (1989) Auditory neglect. J. Neurol. Neurosurg.
Psychiatry 52, 613-617

32 Soroker, N. et al. (1997) Auditory inattention in right-hemisphere-
damaged patients with and without visual neglect. Neuropsychologia
35, 249-256

33 Deouell, L.Y. and Soroker, N. (2000) What is extinguished in auditory
extinction? NeuroReport 11, 3059—3062

34 Bellmann, A. et al. (2001) Two types of auditory neglect. Brain 124,
676-687

35 di Pellegrino, G. and De Renzi, E. (1995) An experimental investi-
gation on the nature of extinction. Neuropsychologia 33, 1563—170

36 Cusack, R. et al. (2000) Neglect between but not within auditory
objects. J. Cogn. Neurosci. 12, 1056—-1065

37 Robertson, I.H. et al. (1997) Auditory sustained attention is a marker
of unilateral spatial neglect. Neuropsychologia 35, 1527—-1532

38 Husain, M. et al. (1997) Abnormal temporal dynamics of visual
attention in spatial neglect patients. Nature 385, 154—156

39 Battelli, L. et al. (2001) Unilateral right parietal damage leads to
bilateral deficit for high-level motion. Neuron 32, 985—995

40 Vallar, G. (2001) Extrapersonal visual unilateral spatial neglect and its
neuroanatomy. Neurolmage 14, S52—S58

41 Karnath, H.O. (2001) New insights into the functions of the superior
temporal cortex. Nat. Rev. Neurosci. 2, 568—576

42 Husain, M. and Kennard, C. (1996) Visual neglect associated with
frontal lobe infarction. J. Neurol. 243, 652—657

43 Andersen, R.A. and Buneo, C.A. (2002) Intentional maps in posterior
parietal cortex. Annu. Rev. Neurosci. 25, 189—220

44 Duhamel, J.R. et al. (1998) Ventral intraparietal area of the macaque:
congruent visual and somatic response properties. JJ. Neurophysiol. 79,
126-136

45 Graziano, M.S. and Gandhi, S. (2000) Location of the polysensory zone
in the precentral gyrus of anesthetized monkeys. Exp. Brain Res. 135,
259-266

46 Macaluso, E. and Driver, J. (2003) Multimodal spatial representations
in human parietal cortex: evidence from functional neuroimaging.
In Advances in Neurology: The Parietal Lobe (Andersen, R.A., ed.),
pp. 219-234, Lippincott, Williams & Wilkins

47 Bremmer, F. et al. (2001) Polymodal motion processing in posterior
parietal and premotor cortex: a human fMRI study strongly
implies equivalencies between humans and monkeys. Neuron 29,
287-296

48 Lewis, J.W. et al. (2000) A comparison of visual and auditory motion
processing in human cerebral cortex. Cereb. Cortex 10, 873—888

49 Bushara, K.O. et al. (1999) Modality-specific frontal and parietal areas
for auditory and visual spatial localization in humans. Nat. Neurosci.
2, 759-766

50 Bushara, K.O. et al. (2003) Neural correlates of cross-modal binding.
Nat. Neurosci. 6, 190—195


http://www.trends.com

414 TRENDS in Cognitive Sciences Vol.7 No.9 September 2003

51 Macaluso, E. and Driver, J. (2001) Spatial attention and crossmodal 60 Warren, J.D. et al. (2002) Perception of sound-source motion by the

interactions between vision and touch. Neuropsychologia 39,1304—1316 human brain. Neuron 34, 139—-148
52 Beaton, A. and McCarthy, M. (1995) On the nature of auditory neglect: 61 Pavani, F. et al. (2002) A common cortical substrate activated by
a reply to Hugdal and Wester. Brain Lang. 48, 351-358 horizontal and vertical sound-movement in the human brain. Curr.
53 Soroker, N. et al. (1995) Ventriloquist effect reinstates responsiveness Biol. 12, 1-12
to auditory stimuli in the ‘ignored’ space in patients with hemispatial 62 Baumgart, F. et al. (1999) A movement-sensitive area in auditory
neglect. J. Clin. Exp. Neuropsychol. 17, 243—-255 cortex. Nature 400, 724—726

54 Carlyon, R.P. et al. (2001) Effects of attention and unilateral neglect on 63 Clarke, S. et al. (2000) Auditory agnosia and auditory spatial deficits
auditory stream segregation. JJ. Exp. Psychol. Hum. Percept. Perform.
27, 115-127

55 Rauschecker, J.P. (1998) Cortical processing of complex sounds. Curr. 64
Opin. Neurobiol. 8, 516-521

56 Alain, C.et al. (2001) ‘What’ and ‘where’ in the human auditory system. 65
Proc. Natl. Acad. Sci. U. S. A. 98, 12301-12306

57 Maeder, PP. et al. (2001) Distinct pathways involved in sound
recognition and localization: a human fMRI study. Neuroimage 14,
802-816

58 Weeks, R.A. et al. (1999) A PET study of human auditory spatial
processing. Neurosci. Lett. 262, 155—-158

59 Griffiths, T.D. et al. (1998) Right parietal cortex is involved in
the perception of sound movement in humans. Nat. Neurosci. 1,
74-79

following left hemispheric lesions: evidence for distinct processing

pathways. Neuropsychologia 38, 797—807

Middlebrooks, J.C. (2002) Auditory space processing: here, there or

everywhere? Nat. Neurosci. 5, 824—826

Palomaki, K. et al. (2000) Sound localization in the human brain:

neuromagnetic observations. NeuroReport 11, 1535-1538

66 Kaiser, J. et al. (2000) Right-hemisphere dominance for the processing
of sound-source lateralization. J. Neurosci. 20, 6631-6639

67 Shallice, T. (1988) From Neuropsychology to Mental Structure,
Cambridge University Press

68 Plaut, D.C. (2002) Graded modality-specific specialization in seman-
tics: a computational account of optic aphasia. Cogn. Neuropsychol. 19,
603-639

Could you name the most significant papers published in
life sciences this month?

Updated daily, Research Update presents short, easy-to-read commentary on the latest hot papers,
enabling you to keep abreast with advances across the life sciences.
Written by laboratory scientists with a keen understanding of their field, Research Update will clarify the significance
and future impact of this research.

Our experienced in-house team is under the guidance of a panel of experts from across the life sciences
who offer suggestions and advice to ensure that we have high calibre authors and have spotted
the ‘hot’ papers.

Visit the Research Update daily at http://update.omn.com and sign up for email alerts to make sure you don’t miss a thing.

This is your chance to have your opinion read by the life science community, if you would like to contribute, contact us at
research.update @elsevier.com

http://tics.trends.com


http://www.trends.com

	Auditory and multisensory aspects of visuospatial neglect
	Auditory localization in neglect patients
	Increased uncertainty for contralesional sounds
	Poor detection or identification of contralesional sounds in the presence of concurrent ipsilesional sounds
	Non-spatial auditory deficits in neglect
	Neglect-related auditory and visual deficits often correlate in severity
	Multisensory brain areas for spatial processing
	Concluding remarks
	Acknowledgements
	References


