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Reviews

In the human brain, distinct functions tend to be localized in 
the left or right hemispheres (LH and RH, respectively). 
Classically, language abilities are localized in the LH; 
indeed, the RH plays a predominant role in controlling 
visuospatial information. From an anatomofunctional per-
spective, this lateralization for visuospatial attention is sup-
ported by evidences showing an extended parietofrontal 
network in the RH rather than the LH (Thiebaut de Schotten 
and others 2011), reflecting the notion that the human brain 
is characterized by a unique specialization of cognitive func-
tions between homologues areas of the two hemispheres. In 
the current review, we try to describe recent evidences sug-
gesting that the functional asymmetry of the parietal cortices 
can be central in controlling visuospatial attention and that 
this lateralization can have an impact in several neurological 
disorders, especially in hemispatial neglect. It is known that 
cortical networks of the RH involving the posterior parietal 
cortex (PPC) play a predominant role in visuospatial atten-
tion, so that RH lesions often induce spatial neglect, a severe 
neurological disorder characterized by failures to acknowl-
edge or explore stimuli toward the contralesional side of 
space (for a review, see Bisiach and others 1986; Driver and 
others 2004; Heilman and others 2000; Karnath and others 
2002; Vallar and others 2003).

Numerous human neuroimaging studies have now 
implicated a dorsal frontoparietal “attention network” in 
endogenous, top-down attention-related modulation of 
visual processing (e.g., Corbetta and others 2008; Corbetta 
and Shulman 2002; Driver and Vuilleumier 2001; Kastner 
and Ungerleider 2001; Yantis and Serences 2003). Within 
this network, the PPC has been suggested to play an impor-
tant potential role in directing visual spatial attention (e.g., 
Bisley and Goldberg 2003; Hopfinger and others 2000; 
Mesulam 1981) and has been also implicated on clinical 
grounds from patient studies, especially for the right hemi-
sphere (Driver and Vuilleumier 2001; He and others 2007; 
Mesulam 1999), thought to control the deployment of atten-
tion to either side of space (e.g., Mesulam 1999). Evidences 
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Abstract

The human brain is characterized by the lateralization of cognitive functions. Multiple lines of evidence suggest the 
deployment of visuospatial attention is controlled by a frontoparietal network, with a right hemisphere dominance. 
Among cortical areas included in the network, the right posterior parietal cortex (PPC) has been proposed to be a 
crucial node and has also been implicated on clinical grounds. Here, the authors provide an overview of the existent 
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on those studies seeking to characterize the causal role of PPC, applying transcranial magnetic stimulation and its 
combination with imaging techniques, such as electroencephalography and fMRI. First, the role of PPC and how this 
region exerts its control over remote areas of both hemispheres is discussed. The second part discusses studies 
involving neglect patients shedding light on the complex interplay between left and right PPC, strongly supporting the 
hemispheric rivalry theory. Finally, studies demonstrating changes of neglect disorders following the manipulation of 
the unaffected hemisphere activation will be discussed.
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from monkey physiology and human neuroimaging studies 
indicate that spatially selective attention affects processing 
in the visual system (Corbetta and Shulman 2002; Kastner 
and Ungerleider 2000; Reynolds and Chelazzi 2004; 
Serences and Yantis 2006). When attention is directed to a 
location in the visual field, neural responses evoked by 
stimuli at the attended location are enhanced as compared 
with neural activity evoked at nearby, ignored locations. 
These modulatory signals appear to originate from higher 
order areas in frontal and parietal cortex, including the 
superior parietal lobule (SPL), intraparietal sulcus (IPS), 
the frontal eye fields (FEF), and the supplementary eye 
field (SEF), and are transmitted via feedback to the visual 
system (Kastner and others 1999; Moore and Armstrong 
2003). Neuroimaging studies performed during spatial 
attention tasks showed an activation of large regions of 
frontoparietal cortex in both hemispheres (Hopfinger and 
others 2000; Kastner and others 1999; Vandenberghe and 
others 1997) with a preferential activation when stimuli are 
presented in the contralateral visual field (Egner and others 
2008; Huddleston and DeYoe 2008; Serences and Yantis 
2007; Silver and others 2005). However, consistent with the 
hypothesis of an RH dominance for spatial attention, the 
extent of activations in the RH tended to be larger than in 
the LH (Corbetta and others 1993; Gitelman and others 
1999; Nobre and others 1997). Furthermore, a recent study 
found that attention signals in most topographic areas were 
spatially specific, with stronger responses when attention 
was directed to the contralateral than to the ipsilateral visual 
field. Importantly, two hemispheric asymmetries were 
found. First, a region in only right, but not left, SPL1 carried 
spatial attention signals. Second, left FEF and left PPC 
(IPS1/2) generated stronger contralateral biasing signals 
than their counterparts in the RH (Szczepanski and others 
2010). In monkeys, Saalmann and others (2007) investi-
gated possible parietal interactions with visual cortex dur-
ing a visual matching task, recording from neurons in visual 
area MT and PPC. Increased coherence of local field poten-
tials was observed between these areas during attentional 
visual tasks, with the phase of the peak coherence showing 
PPC activation preceding MT (middle temporal) neurons 
activation, consistently with a possible top-down influence 
from PPC on MT. However, these data do not reveal any 
causal effect of PPC, simply showing a relation between 
higher order areas and visual cortex.

The Right Posterior Parietal 
Cortex in Visual–Spatial Attention: 
A Central Node of a Broader 
Network

These causal information have been recently investigated 
in humans by using transcranial magnetic stimulation 

(TMS) in combination with fMRI or electroencephalogra-
phy (EEG) to assess not only local effects of TMS but also 
any causal influences on blood oxygen level–dependent 
(BOLD) or EEG signals in remote, potentially intercon-
nected brain regions (Bestmann and others 2008a; 
Bestmann and others 2008b; Blankenburg and others 2008; 
Bohning and others 2000; Ruff and others 2006; Ruff and 
others 2008; Romei and others 2010; Thut and others 
2006). Ruff and others (2006) recently showed that right 
FEF TMS could modulate BOLD in early human visual 
cortex at rest (or during visual stimulation) when partici-
pants had no task other than central fixation. In two follow-
up works (Fig. 1a), they reported that right intraparietal 
TMS can also have distinct effects on visual cortex that 
may vary with current visual input and when comparing 
LH and RH stimulation, authors highlighted a strong RH 
dominance (Ruff and others 2008; Ruff and others 2009). 
Blankenburg and others (2010) used a blocked visuospatial 
covert attention task to investigate PPC TMS effects over 
early visual processing as a function of the attentional state. 
Subjects were always presented with bilateral stimuli, con-
sisting of two checkboards. During the active attentional 
condition participants were asked to covertly shift their 
attention to the cued location and indicate by a button press 
the number of targets (deviant, red checks) embedded in the 
attended checkboard. During the neutral attentional condi-
tion they had to indicate whenever the stimuli appeared. 
During visual stimulation, event-related bursts of TMS 
with a high or low intensity were applied over the right 
PPC. They found that TMS over right PPC increased the 
differential effect of contralateral versus ipsilateral atten-
tion in right occipital temporal area, whereas no significant 
influence on these same regions during the neutral condi-
tion emerged. TMS also increased the differential effect of 
contralateral versus ipsilateral attention over the left occip-
ital regions but over a more restricted area. These results 
confirm that right human parietal cortex can exert attention-
dependent influences on occipital visual cortex and that 
these remote influences can vary in a purely top-down 
manner with attentional demands.

Other neurophysiological aspects of how top-down 
control over visual processing is exerted by frontal and 
parietal regions have been recently documented by means 
of simultaneous TMS and EEG recordings. Despite the 
fact that only few studies have been performed, the com-
bined approach has provided evidences for a direct func-
tional link between frontoparietal and visual areas and also 
proposed a mechanism through which this control is 
achieved. Taylor and others (2007) applied short trains of 
10 Hz rTMS over right FEF during the cueing period of a 
covert attentional task and found a modulation of event-
related potentials over visual areas evoked by the target 
presentation. This effect denotes a direct transmission 
from the stimulated areas, FEF, to visual cortices during 
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endogenous shift of attention. The work by Morishima and 
others (2009) further corroborated the hypothesis of neural 
impulse transmission from the prefrontal cortex to poste-
rior visual regions. Single pulse TMS was delivered over 
right FEF at target presentation during a discrimination 
task. The activation of prefrontal areas of the attentional 
network induced a spread of activity toward anatomically 
connected posterior regions. Interestingly, the activity 
evoked by TMS was transmitted to separate posterior areas 
depending on the domain of visual features to which sub-
jects had to attend. Subjects were presented with a task 
instruction cue indicating to attend to either a face or a 

motion stimulus. When cue indicated to attend to a face 
stimulus, FEF activated fusiform face area, whereas the 
activation of MT was found when a motion stimulus had to 
be attended. Moreover, this study also provided informa-
tion about the exact timing of frontal–posterior interplay, 
indicating a maximal posterior activation 20 to 40 ms after 
TMS pulse (Morishima and others 2009). Most recently, 
two studies have investigated the effects of FEF or IPS 
TMS over alpha activity. The posterior alpha rhythm (8–14 
Hz) originates from occipitoparietal areas and is strictly 
related to deployment of visual–spatial attention, leading 
to retinotopically organized alpha changes in accordance 
with the focus of attention (Sauseng and others 2005; Thut 
and others 2006). In particular, reduction of alpha activity 
(desynchronization) is usually observed contralateral to the 
attended location, whereas alpha increases (synchroniza-
tion) are detected contralateral to the unattended location 
(Romei and others 2010; Thut and others 2006). During 
Posner-like cue–target protocol, interfering with FEF 
activity by 1 Hz TMS led to a reduction of the classical 
alpha desynchronization over occipital lobe contralateral 
to the be attended location (Sauseng and others 2011). This 
results are in line with the study by Capotosto and others, 
(2009), indicating that the right FEF and, more strongly, 
right IPS TMS disrupts the normal alpha desynchroniza-
tion and its spatially selective topography in parieto-occipital 
cortex (Fig. 1b). FEF and IPS stimulation produced a para-
doxical alpha synchronization that was functionally sig-
nificant as it correlated with slowing of response times to 
target stimuli. Taken together, these studies strongly sug-
gest top-down control during the shift of visual–spatial 
attention is achieved through alpha modulation over 
occipital cortex.

Asymmetry of Interhemispheric 
Interactions between the Two 
Parietal Cortices

The peculiar role of the right PPC in controlling visual–
spatial attention is thought to be exerted not only 
through its remote control over other areas, such as the 
visual cortex or the frontal cortex, within the same 
hemisphere but also through controlling the activity of 
the contralateral hemisphere. Several theories based on 
behavioral data from neglect patients have been pro-
posed to explain how the intact human brain controls 
spatial attention. Heilman’s hemispatial theory (Heilman 
and Van Den Abell 1980) has proposed that the RH 
directs attention to both visual hemifields, whereas the 
LH directs attention to the right visual field only (see 
also Mesulam 1981). This account is supported by the 
far greater prevalence of neglect following RH damage 
than LH damage as well as imaging studies demonstrating 

Figure 1. Results from studies combining transcranial 
magnetic stimulation (TMS) with neuroimaging techniques. (a) 
TMS-induced activity after intraparietal sulcus (IPS) stimulation 
depends on the functional state of the visual cortex (adapted 
from Ruff and others 2009). TMS-related activation was found 
over the medial occipital region during the absence of visual 
stimulation (panel a), whereas right parietal TMS affected 
lateral occipital cortex (V5/MT+) during the presentation of 
moving visual stimuli (panel b). Note that left IPS TMS was 
ineffective in inducing any activity over visual areas with or 
without visual stimulation. (b) Results from an EEG/TMS 
coregistration study (adapted from Capotosto and others 
2009). TMS effects over low and high alpha frequency ERD/
ERS during a cue period of a covert attention shift task as a 
function of the stimulation condition (Sham, frontal eye field 
[FEF], IPS, or precentral site [PrCe], representing the control 
region). Right FEF and right IPS stimulation disrupts the 
normal alpha desynchronization (ERD) over parieto-occipital 
cortex, clearly recorded after the Sham and PrCe stimulation.
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a greater extent of activations in the RH than in the LH 
during tasks involving shifts of visuospatial attention 
(Corbetta and others 1993; Gitelman and others 1999; 
Nobre and others 1997). Alternatively, Kinsbourne’s 
theory has proposed a mechanism of hemispheric 
rivalry or competition, in which each hemisphere is 
responsible for orienting attention toward the contralat-
eral visual field and balance between parietofrontal 
circuits in the two hemispheres is achieved through 
reciprocal inhibition (Kinsbourne 1977). This theory is 
supported by evidence that patients with extinction will 
often manifest directional biases, favoring stimuli that 
are relatively ipsilesional over those that are relatively 
contralesional within and between visual fields. It 
therefore appears that with damage to frontal and pari-
etal cortex, there is a gradient of attention loss across 
the visual field, rather than a complete loss of attention 
to one hemifield. That is, these hemispheric rivalry 
models propose that the left hemisphere becomes 
hyperactive after RH damage and inhibits visual recog-
nition in the contralesional space since the two hemi-
spheres normally exert an inhibitory influence on each 
other via callosal connections. Indeed, functional brain 
imaging and TMS studies with neglect patients have 
supported the putative hemispheric competition mecha-
nism by showing that transcallosal inhibition operates 
between homotopic regions in two hemispheres, with 
increased excitability of the intact left hemisphere, at 
least for early visual and somatosensory systems (Fink 
and others 2000; Forss and others 1999; Koch and 
others 2008b).

We recently used a novel trifocal TMS method to 
directly test the hypothesis that the asymmetry of visuo-
spatial function in healthy subjects could be due to an 
unbalance of interaction between the hemispheres, with 
a right parietal advantage. Using this method we outwit-
ted the problem that stimulation of the parietal cortex, 
by contrast with the motor cortex, yields no measurable 
physiological output. By stimulating parietal and motor 
regions in quick succession, the activation state of the 
PPC could be determined indirectly, by recording its 
physiological interaction with the motor cortex in one 
hemisphere (Koch and others 2007; Koch and others 
2008a; Koch and others 2008b). When TMS is applied 
to the primary motor cortex (M1), it evokes a visible 
twitch in the muscles of the contralateral hand, measur-
able with an electromyographic signal, the motor-
evoked potential. If another TMS pulse is first applied 
to the ipsilateral PPC, preceding by few milliseconds 
the motor cortex TMS pulse, the motor-evoked potential 
triggered by the M1 is enhanced, thus reflecting the acti-
vation of functional connections originating from the 
PPC (Koch and others 2007; Koch and others 2008a; 
Koch and others 2008b). By applying a third TMS pulse 

over the contralateral PPC (over the angular gyrus close 
to the caudal intraparietal sulcus) before the parietal 
pulse ipsilateral to M1 we aimed to determine the mutual 
neurophysiological influence of the interhemispheric 
connections between the PPC of the right and left hemi-
sphere (Koch and others 2011). The results demon-
strated that the right PPC inhibits the activation state of 
the contralateral parietofrontal connection more strongly 
than the left PPC does (Fig. 2a). Indeed, to obtain 
detailed anatomical information about the white matter 
pathways that mediate these neurophysiological interac-
tions, we used diffusion tensor imaging (DTI). DTI is an 
MRI technique that allows the in vivo reconstruction of 
white matter fiber bundles, based on the assumption that 
the principal direction of tissue water diffusion is paral-
lel to the main fiber direction in every voxel (Basser and 
others 1994). TMS/DTI analysis revealed that the effect 
we found is mediated by a transcallosal pathway located 
in the posterior portion of the corpus callosum (Fig. 2b). 
We proposed that this peculiar interhemispheric inhibi-
tion may represent an important neurophysiological 
mechanism at the basis of the well-known asymmetry of 
visuospatial functions.

Figure 2. Effects of left and right posterior parietal cortex 
(PPC) transcranial magnetic stimulation (TMS) on the 
contralateral PPC–M1 connection (adapted from Koch and 
others 2011). (a) Right PPC stimulation induced a stronger 
inhibition of the contralateral PPC–M1 when compared with 
left PPC stimulation as revealed by amplitude modulation 
of motor-evoked potentials (MEPs). This effect was found 
at specific interstimulus interval (ISI) between PPC and 
PPC–M1 stimulation. (b) Results from TMS/diffusion tensor 
imaging analysis, revealing that the control of right PPC over 
left PPC–M1 connectivity is exerted through callosal fibers 
crossing regions IV (blue) and V (green).
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Damage of the Right Parietal–
Frontal Network and Neglect: 
Changes in the Excitability of the 
Left Intact Hemisphere

To test the hypothesis that LH may become hyperexcit-
able, we recently evaluated the influence of left PPC on 
left M1 with the twin coil protocol (see above) in 12 
patients with neglect after RH stroke. The results were 
compared with a group of age-matched RH stroke 
patients without neglect, plus a group of healthy con-
trols. The findings demonstrated for the first time that 
even at rest, the functional influence or inferred “con-
nection” between left PPC and M1 is hyperexcitable in 
RH patients with neglect, compared with RH patients 
without neglect or healthy age-matched controls (Koch 

and others 2008b) (Fig. 3). This provides a new and 
highly direct form of physiological evidence for “hemi-
spheric rivalry” notions that some circuits in the LH may 
become disinhibited in neglect patients, presumably 
because of release from mutual inhibition resulting con-
sequence of the typical RH lesion of the neglect group. 
We note that left motor cortex in itself did not seem 
hyperexcitable in the neglect group, but rather it was the 
specific impact of left PPC on left M1 that became 
pathologically exaggerated (Koch and others 2008b). 
This indicates that rather than the LH as a whole becom-
ing more excitable, specific influences from left PPC do 
so, presumably because of right PPC damage. These 
results are in agreement with the idea that particular 
lesions in the RH may induce changes in the corticocor-
tical excitability of corresponding specific areas and 
circuits in the nonlesioned hemisphere, through a mech-
anism of locally reduced transcallosal inhibition (Fig. 4).

However, recent evidence seems to suggest that this 
hyperexcitability of the LH due to lesion-induced 
changes in hemispheric balance may affect other higher 
order representational systems than spatial attention. A 
recent study addressed this question by testing a visual 
word recognition paradigm (Nakamura and others 2012). 
It is known that each hemisphere exert a distinct role 
during word recognition processing, with an LH special-
ization for lexical selection (Perea and others 2008) and 
an RH advantage at coarse semantic encoding (Beeman 
and others 1994). Following this model, Nakamura and 
colleagues hypothesized that the hemispheric dominance 
in lexicosemantic memory could be altered in spatial 
neglect after lateralized brain damage. Thus, they used a 
hemifield phonological priming paradigm with visual 
masking. In these protocols, a bottom-up control exerted 
by the LH reading system (Perea and others 2008), inhib-
its the visual recognition of a target word when the prime 
shares its first syllable (Carreiras and Perea 2002). By 
manipulating the prime target syllabic overlap, they 
tested whether the LH dominance in inhibitory priming 
differed between neglect patients and control partici-
pants. The results demonstrated that in patients with 
neglect the negative priming due to the activity of the LH 
was evident not only for right but also for the left visual 
word targets. The authors proposed that, because of this 
global change in hemispheric balance, the LH word rec-
ognition system outside specific lesion sites may become 
hypersensitive and exert enhanced lexical inhibition.

However, a recent study Umarova and others (2011) 
provided only partial support to the current hypothesis. 
These authors investigated the state of visuospatial 
attention system in acute stroke patients to test hypoth-
esis of an imbalance of RH and LH activation during a 
Posner-like protocol with fMRI. Furthermore, these 
authors were interested in comparing patients with 

Figure 3. Left hemisphere (LH) hyperexcitability in neglect 
patients as reported by Koch and others (2008b). (a) Lesions 
and overlap in the sample of right hemisphere (RH) stroke 
patients exhibiting symptoms of neglect syndrome (NS+) or 
without neglect (NS−). The color scale at the bottom right 
of each row indicates the proportion of patients affected. (b) 
A conditioning stimulus delivered at 90% of resting motor 
threshold over left posterior parietal cortex (PPC) preceded a 
test stimulus delivered over left M1. In comparison with NS− 
patients and healthy controls, the neglect patients showed 
abnormally enhanced left PPC–M1 influences.
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similar RH lesions with neglect, with extinction or no 
attentional deficits. The key findings of the study were a 
hypoactivation of right parietal and occipital regions in 
neglect patients together with an increase in left pre-
frontal cortex activity for the extinction patients and 
interestingly, an increase of contralesional activation at 
prefrontal sites for both neglect and extinction patients. 
Moreover, this hyperactivation correlated with patients’ 
performances, calculated as target detection in the left 
visual field. These authors therefore postulate that the 
increased LH activity is a candidate for a compensatory 
mechanism after RH damage and could not directly be 
involved in neglect symptoms.

Noninvasive Brain Stimulation 
to Treating the Hyperexcitability 
of the Left Intact Hemisphere in 
Neglect
Oliveri and others (2001; Oliveri and others 2000; Oliveri 
and others 1999) were among the first to use brain stimu-
lation techniques in neglect disorders, by showing that 
transient interference with the activity of the LH in right-
brain-damaged patients improves clinical manifestations 
of neglect such as tactile extinction or visual neglect. 
Notably, these findings provided a first indirect demon-
stration for the hyperexcitability of the left intact hemi-
sphere. For instance, in a first study they used online 
single-pulse TMS of posterior parietal and frontal cortices 
during the execution of a tactile detection task in right 
brain-damaged patients with extinction. Left frontal TMS 
significantly reduced extinction in these patients (Oliveri 
and others 1999). Moreover, in a following study (Oliveri 
and others 2000), it was found that inhibitory paired TMS 
with 1 ms of interstimulus interval applied over the left 
frontal cortex improved the patients’ performance more 
than single-pulse TMS, whereas facilitatory paired TMS 
at 10 ms of interstimulus interval induced a decline of 
performance, suggesting a selective deficit of cortical 
inhibition in the unaffected hemisphere of stroke patients 
with neglect. Oliveri and others (2001) then applied 
online high-frequency rTMS over the unaffected parietal 
cortex in seven neglect patients performing a visual–
spatial judgment task in which patients were asked to 
decide about the respective length of two segments 
bisected by a marker. The main results showed that rTMS 
of the unaffected parietal site reduced contralateral neglect 
compared with sham or baseline condition. Nevertheless, 
amelioration was short lived, being selectively observed 
during the application of the rTMS train.

In a recent current study, we aimed to investigate 
whether normalization of abnormal cortical excitability 
through interventional noninvasive cortical stimulation of 
the left PPC may be useful in promoting recovery from 
neglect (Koch and others 2012). We used a theta burst 
stimulation (TBS) protocol, which has proven to be effec-
tive in inducing powerful long-lasting changes in the excit-
ability of the stimulated cortex (Huang and others 2005). A 
recent study (Nyffeler and others 2009) tested the potential 
modulatory effect of cTBS in 11 patients with left visual 
neglect following right hemispheric stroke. Patients were 
tested in a visual perception task. cTBS trains over the left 
contralesional PPC were compared with two trains of sham 
stimulation over the contralesional PPC and with a control 
condition without any intervention. Two TBS trains 
increased the number of perceived left visual targets for up 
to 8 h as compared with baseline. No significant improve-
ment was found with sham stimulation or in the control 

Figure 4. (a) Performance in a visuospatial task (lines 
bisection) of an illustrious patient (Federico Fellini) when 
affected by neglect syndrome. Note that apart from the fact 
that he systematically biased the bisection line toward the 
right hemispace, Fellini had a tendency to add several creative 
graphic details on the right side of the lines, even if he was 
simply required to bisect them (adapted from Cantagallo and 
Della Sala 1998). (b) Schematic representation of left–right 
parietal cortex interplay in healthy subjects and in right 
damaged patients. Right lesion (red dot) causes the attentional 
vector (arrows) generated by the right hemisphere to be 
weaker and a concurrently reduction of inhibition over the 
left hemisphere (LVF = left visual field; RVF = right visual field). 
This disinhibition leads to a hyperexcitability on the intact 
hemisphere.
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condition. Four TBS trains increased the number of per-
ceived left targets up to 32 h. The authors outlined how the 
lifetime of this effect is much longer than what has been 
observed in healthy subjects (Nyffeler and others 2006). 
This raised the possibility that repetition of TBS trains dif-
ferentially modulates cortical networks depending on their 
baseline states.

Therefore, we recently tested the potential “therapeu-
tic” effect of this intervention, when applied repeatedly 
for 2 weeks in patients with poststroke neglect (Koch 
and others 2012). Changes in clinical scores associated 
with neglect were evaluated using the Behavioural 
Inattention Test (BIT) (Wilson and others 1987), a com-
prehensive battery that consists of both conventional 
(e.g., cancellation, bisection, and drawing tests) and 
behavioral (e.g., picture scanning, telephone dialing, 
menu reading, article reading, etc.) tests. Most rehabili-
tation studies report an improvement of neglect in 
standard neuropsychological tests (e.g., cancellation, 
bisection, and drawing), but they ignore ecological tests, 
which might be more informative on the specific diffi-
culties patients encounter in everyday life. Therefore, in 
the present study, the effects of cTBS were evaluated not 
only through conventional paper-and-pencil tests but 
also in everyday situations. The BIT battery measure 
was chosen as the primary outcome of the treatment. We 
also aimed to verify whether a 2-week course of PPC 
cTBS may be effective in normalizing the overexcitabil-
ity of left parietofrontal connections that was previously 
described in these patients (Koch and others 2008b).

We demonstrated that a 2-week course of left PPC 
cTBS is effective in improving visuospatial abilities in 
patients suffering from poststroke neglect. In small proof 
of principle studies, noninvasive brain stimulation meth-
ods have been shown to improve unilateral spatial atten-
tion by modulation of cortical excitability (Cazzoli and 
others 2010; Sack 2010). A few studies consistently 
demonstrated that single or repeated sessions of rTMS 
trains applied over the left PPC of the intact hemisphere 
were able to transiently reduce visuospatial neglect 
(Brighina and others 2003; Cazzoli and others 2010; 
Koch and others 2008b; Oliveri and others 2001; Song 
and others 2009). Moreover, a recent study tested the 
acute effects of a single session of transcranial direct cur-
rent stimulation (tDCS) on neglect patients. Visual 
neglect was improved by 20 min of anodal (facilitatory) 
tDCS over the right PPC in stroke patients: The percent-
age of leftward deviation and the number of omissions 
decreased in neglect tests immediately after tDCS com-
pared with baseline (Ko and others 2008).

Nevertheless, all these studies were performed on 
small numbers of patients. Crucially, in different studies 
the evaluation of neglect improvement was based on 
heterogeneous and isolated tests such as the line bisection 

task (Brighina and others 2003; Oliveri and others 2001; 
Song and others 2009), the clock drawing task (Brighina 
and others 2003), chimerical objects task (Koch and oth-
ers 2008b), and line cancellation tasks (Song and others 
2009). For the first time, we assessed the effects of the 
novel cTBS protocol in a randomized controlled trial. 
Moreover, we aimed to verify the global impact of this 
procedure by measuring standardized conventional and 
behavioral assessments. In fact, using the BIT, we used six 
specific subtests to explore visuospatial abilities by means 
of conventional pen-and-paper tasks (BIT-C), and nine 
subtests to detect changes in the behavioral aspects of 
neglect (BIT-B). We found that apart from an overall 
global improvement in the total BIT scores, improvements 
were observed for some subtests of both the BIT-C and 
BIT-B scales. cTBS may therefore be effective in improv-
ing not only standard tests but may also extend to more 
general behavioral aspects of the syndrome that are usu-
ally not directly addressed by standard cognitive therapy. 
In this perspective, the current set of data provides further 
evidence that TMS may be used as a therapeutic tool to 
guide and accelerate recovery of subacute stroke patients 
suffering from visuospatial neglect. Whereas standard 
cognitive therapies for neglect lead to some clinical sig-
nificant improvement after 20 to 40 sessions (Antonucci 
and others 1995; Pizzamiglio and others 1992; Pizzamiglio 
and others 1989; Rusconi and others 2002) over a period 
of 4 to 12 weeks, cTBS was able to accelerate clinical 
recovery after 2 weeks of treatment. Therefore this proce-
dure could contribute to reducing the length of hospital-
ization in the neurorehabilitation ward, thus reducing 
hospitalization costs. However, the potential clinical ben-
efits of these procedures should be investigated systemati-
cally in larger randomized controlled trials.

Despite several studies demonstrating amelioration of 
neglect disorders following inhibition of the unaffected 
hemisphere, there are no clear reports in the literature 
describing recovery of neglect following increase of exci-
tation of the affected hemisphere. An explanation for this 
bias in the literature could be that rTMS procedures that 
increase cortical facilitation are less efficient as compared 
with those that induce inhibition. Another possible con-
found could be the risk of epileptic discharges associated 
to the use of excitatory, high-frequency rTMS paradigms. 
In this sense, the use of anodal tDCS of the affected hemi-
sphere could represent an optimal way to pursue facilita-
tion of the circuits in the affected hemisphere without the 
risks of seizures associated with high frequency rTMS. An 
alternative option could involve the use of bi-hemispheric 
stimulation, using tDCS (Lindenberg and others 2010). 
Brain stimulation techniques for treatment of neglect dis-
orders following stroke could also be applied as add-on 
techniques in combination with other forms of behavioral 
treatment. This combination could reciprocally enhance 
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the effects of the various treatments because of the state-
dependent effects of brain stimulation itself.
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