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Abstract 39 
EEG studies in healthy humans have highlighted that alpha-band activity is relatively reduced over 40 
the occipital-parietal areas of the hemisphere contralateral to the direction of spatial attention. Here, 41 
we investigated the hemispheric distribution of alpha during orienting of attention in male and 42 
female right-brain-damaged patients with left spatial neglect. Temporal spectral evolution showed 43 
that in patients with neglect alpha oscillations over the damaged hemisphere were pathologically 44 
enhanced both during the baseline-fixation period that preceded cued orienting (capturing tonic 45 
alpha changes) and during orienting with leftward, rightward or neutral-bilateral spatial cues 46 
(reflecting phasic alpha changes). Patients without neglect showed a similar though significantly 47 
less enhanced hemispheric asymmetry. Healthy controls displayed a conventional decrease of alpha 48 
activity over the hemisphere contralateral to the direction of orienting. In right-brain-damaged 49 
patients, neglect severity in the line bisection task was significantly correlated both with tonic alpha 50 
asymmetry during the baseline period and with phasic asymmetries during orienting of attention 51 
with neutral-bilateral and leftward cues. Asymmetries with neutral-bilateral and leftward cues were 52 
correlated with lesion of white matter tracts linking frontal with parietal-occipital areas. These 53 
findings show that disruption of rostro-caudal white matter connectivity in the right hemisphere 54 
interferes with the maintenance of optimal baseline-tonic levels of alpha and the phasic modulation 55 
of alpha activity during shifts of attention. The hemispheric distribution of alpha activity can be 56 
used as a diagnostic tool for acquired pathological biases of spatial attention due to unilateral brain 57 
damage. 58 
 59 
 60 
 61 
 62 
 63 
 64 
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Significance statement 65 
Alpha desynchronization over the hemisphere contralateral to the attended side of space is a reliable 66 
marker of attentional orienting in the healthy human brain: can the same marker be used to spot and 67 
quantify acquired disturbances of spatial attention after unilateral brain injuries? Are pathological 68 
modifications in the hemispheric distribution of alpha specifically linked to attentional neglect for 69 
one side of space? We show that in patients with right brain damage the pathological enhancement 70 
of alpha oscillations over the parietal and occipital areas of the injured hemisphere is correlated 71 
with reduced awareness for the left side of space and with lesion of white matter pathways that 72 
subserve frontal modulation of alpha activity in posterior brain areas. 73 
 74 
 75 
 76 
 77 
 78 
 79 
 80 
 81 
 82 
 83 
 84 
 85 
 86 
 87 
 88 
 89 
 90 



 

 

4 

4 

Introduction 91 
Since its discovery (Berger, 1929) the oscillatory α-band (~8 –14 Hz) parietal-occipital EEG 92 

activity has been extensively used as a marker of vigilance, attention, cognitive processing and 93 
cortical communication both in healthy humans and patients with brain damage (Jensen and 94 
Mazaheri, 2010; Klimesch et al., 2007). EEG studies that have monitored preparatory orienting of 95 
spatial attention ahead of the occurrence of lateral visual targets, have pointed out decreased alpha-96 
activity over the hemisphere contralateral to the attended side of space and increased alpha over the 97 
ipsilateral hemisphere (Capotosto et al., 2009; Grent-'t-Jong et al., 2011; Kelly et al., 2006; 98 
Rajagovindan and Ding, 2011; Rihs et al., 2009; Sauseng et al., 2005; Thut et al., 2006; Worden et 99 
al., 2000; Yamagishi et al., 2003). Decrease in alpha activity reflects enhanced cortical excitability 100 
that favours processing of upcoming inputs at attended spatial positions. Increase in alpha reflects 101 
inhibition in the processing of upcoming inputs at unattended positions. In the healthy brain the 102 
degree of inter-hemispheric alpha asymmetry during preparatory orienting predicts faster detection 103 
of visual targets in the attended side of space (Thut et al., 2006). Similarly, MEG investigations 104 
showed that spontaneous oscillatory alpha activity prior to stimulus onset, predict the visual 105 
discrimination and conscious processing of ensuing targets stimuli (Van Dijk et al., 2008; Wyart 106 
and Tallon-Baudry, 2009). 107 
 The syndrome of left spatial neglect identifies a disabling condition that is more frequent 108 
after cortical-subcortical right brain damage (RBD) and that is characterised by defective attentional 109 
processing of sensory events and defective programming of motor actions in the contralesional 110 
space (Bartolomeo et al., 2007; Doricchi et al., 2008; Gainotti et al. 2009; see Doricchi et al., 2007, 111 
for neglect in imagery/dreaming space). Orienting of attention in spatial neglect has been 112 
extensively studied with behavioural methods that have identified a specific deficit in re-orienting 113 
attention toward targets in the contralesional left side of space once attention is directed in the 114 
ipsilesional right side (Posner et al., 1984). In contrast to this, only a few studies have explored the 115 
EEG correlates of attentional orienting in neglect. In addition, with the notable exception of one 116 
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recent investigation with Event Related Potentials (ERPs; Lasaponara et al., 2018), all previous 117 
studies were focused on the early electrophysiological correlates of target detection (see Di Russo et 118 
al., 2007) rather than on the activity that characterises preparatory orienting of spatial attention 119 
ahead of target occurrence. Here we investigate the lateralization of oscillatory alpha activity during 120 
cued orienting of attention, in RBD patients with (N+) and without (N-) left spatial neglect and in a 121 
group of age-matched healthy controls. Based on EEG observations in healthy participants (Worden 122 
et al., 2000; Thut et al., 2006), one might expect that the pathological rightward attentional bias that 123 
characterises the performance of N+ is associated with a pathological increment of preparatory 124 
alpha activity over the damaged right hemisphere and a corresponding pathological reduction of the 125 
same activity over the intact left hemisphere.  126 
 A number of recent EEG studies have highlighted that in healthy observers, changes in 127 
lateral bias of spatial attention are matched both with changes in the inter-hemispheric distribution 128 
of baseline/tonic alpha activity linked to non-spatial factors such as the level of arousal and 129 
alertness and with changes in phasic alpha activity that are elicited by orienting of attention 130 
(Newman et al., 2013; Newman et al., 2017; Benwell et al., 2017). Therefore, to clarify whether the 131 
pathological attentional bias suffered by patients with neglect is associated with changes in tonic 132 
(Sturm and Willmes, 2001; Husain and Rorden, 2003) and/or phasic factors affecting alpha 133 
oscillations, we evaluated both tonic alpha asymmetry during the baseline-fixation period that 134 
preceded the presentation of directional cues and phasic asymmetry during orienting of spatial 135 
attention with the same cues. Verifying the presence of an altered hemispheric distribution in alpha 136 
activity during orienting of attention and evaluating its relationship with the severity of neglect can 137 
provide a useful diagnostic/prognostic tool for neglect patients, who usually suffer poor clinical 138 
outcome and must cope with longer and socially expensive rehabilitation treatments.  139 
 140 
Materials & methods 141 
Participants 142 
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Twelve N+, 13 N- and 15 healthy controls (HC) of either sex were examined. N+ and N- 143 
patients did not differ in time elapsed from stroke onset (F(1,11) = 3, p = 0.23; mean = 46 days). Age 144 
was equivalent among N+, N- and C (F(2,22) =2.6, p = 0.32; mean age (y): C = 53.2; N+ = 62.6; N- = 145 
61.9 years). Neglect evaluation scores of N+ and N- groups are reported in Table 1.  146 

All patients suffered of vascular stroke. Patients with bilateral strokes, surgical 147 
interventions, signs of dementia or history of previous neurological illness were excluded. All 148 
patients and participants were right-handed and had normal or corrected-to-normal visual acuity. At 149 
the time of clinical and experimental examination, all patients were free from confusion and from 150 
temporal or spatial disorientation. Visual fields were tested with standard kinetic Goldmann 151 
perimetry. All patients had intact visual fields, with the exception of one N+ patient who suffered 152 
restriction of the left inferior quadrant with sparing of 10° around central fixation. Patients and 153 
controls gave their written informed consent for participating in the study that was approved by the 154 
Institutional Ethical Committee of the Fondazione Santa Lucia IRCCS (Rome, Italy). 155 

 156 
*** Insert Table 1 about here *** 157 

 158 
Experimental Design and Statistical Analysis 159 
Procedure and stimuli 160 

 Participants performed a Posner task with central directional arrow cues that pointed 161 
leftward or rightward and with non-directional cues that pointed to no lateral side of space (Neutral 162 
Cues, an “= “symbol:  see Fig. 1). Directional Left Cues and Right cues were predictive of lateral 163 
target location on 70% of trials while in trials with Neutral Cues targets appeared with equal 164 
probability in the left or in the right side of space. In each trial an initial central fixation period 165 
(800-1000 ms.) was followed by the presentation of a cue (1800-2400 ms) and then by the 166 
presentation of a target-asterisk (300 ms; size: 0.6° x 0.6°) in one of two lateral boxes (size: 1° x 167 
1°), one centred 4.5° to the left and one to the right of the central fixation. Participants signalled the 168 
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detection of lateral targets by pressing as fast as possible the central spacebar of the computer 169 
keyboard. Two-thousand ms were allowed for response. A total of 280 Valid trials and 120 Invalid 170 
trials with directional cues (200 Left Cues and 200 Right cues) and 160 trials with Neutral Cues 171 
were presented (for further details, see Lasaponara et al., 2018). 172 

 173 
*** Insert Figure 1 about here *** 174 

 175 
EEG recording and pre-processing 176 

The EEG was recorded from 64 electrodes (Brain Vision system) placed according to the 177 
10–10 system. All scalp channels were referenced online to the left mastoid (M1). Horizontal eye 178 
movements were monitored with bipolar recording from electrodes placed at the left and right outer 179 
canthi. Blinks and vertical eye movements were recorded with an electrode positioned below the 180 
left eye, which was referenced to site Fp1. The EEG from each electrode site was digitized at 250 181 
Hz with an amplifier band-pass of 0.01–80 Hz, including a 50 Hz notch filter, and was stored for 182 
off-line averaging. Continuous EEG was recalculated against the average reference and then 183 
segmented in experimental epochs that lasted 2400 ms and covered the trial period ranging from 184 
700 ms before cue onset (Baseline-fixation period) to 1700 after cue onset (Cue period). EEG 185 
activity recorded during the last 200 ms of the central fixation period was used for baseline 186 
correction. Prior to computerized artefact rejection, ocular correction was performed accordingly to 187 
ICA algorithm (Jung et al., 2000). Artefact rejection was performed prior to signal averaging in 188 
order to discard epochs in which deviations in eye position, blinks or amplifier blocking occurred. 189 
All epochs in which EOG amplitudes and EEG amplitudes were greater than ±60 mV were 190 
excluded from further analysis. On average, 4.9 %, 3.8 % and 4.2 % of the trials were rejected in 191 
HC, N- and N+ groups, respectively.  192 
 193 
Determination of alpha frequency  194 
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To evaluate individual alpha frequency (IAF), for each cue related EEG epoch and electrode 195 
we computed the power spectrum during the Baseline-fixation period using Fast Fourier Transform 196 
(FFT; hanning window 10%, max res. 0.5 Hz), and averaged the spectrum across all posterior 197 
electrodes (P7, P5, P3, P1, P8, P6, P4, P2, Pz, PO7, PO3, PO8, PO4, POz, O1, O2, Oz; Capotosto et 198 
al., 2009; Thut et al., 2006). The individual alpha band was then defined as IAF −2 Hz to IAF +2 199 
Hz (Capotosto et al., 2009). Average IAF values were as follows: HC = 9.8 Hz (0.28 SE), N- = 9.3 200 
Hz (0.33 SE) and N+ = 9.9 Hz (0.44 SE). According to these values, our alpha frequency window 201 
ranged from 7.5 –11.9 Hz. IAF values were comparable among the three experimental groups 202 
(Two-tailed T-Test: HC vs. N-: t(28) = 1.2, p =  0.23; HC vs. N+: t (25) = -0.2, p =  0.81; N- vs. 203 
N+: t(25) = -1.2, p =  0.24). 204 
 205 
Temporal spectral evaluation (TSE) 206 

The alpha power in cue-related EEG activity was computed using temporal spectral 207 
evolution (TSE; Rihs et al., 2009; Thut et al., 2006; Worden et al., 2000). To this aim, each cue-208 
related EEG epoch was: 1) filtered into alpha band (8-12 Hz); 2) rectified; 3) smoothed through 209 
averaging within a moving time window (width: 100 ms); 4) trimmed of 200 ms at the beginning 210 
and at the end of experimental-epochs to eliminate filter warm-up artefacts; 5) averaged across 211 
different epochs to get the alpha TSE for each cue direction (left, right), electrode and participant. 212 
Finally, alpha TSE was averaged across the three electrodes considered in each pool of derivations 213 
(PL: PO7-PO1-P5, PR: PO8-PO2-P6). These derivations were selected: 1) basing on their use in 214 
previous electrophysiological studies that have documented alpha power lateralization during 215 
orienting of spatial attention (Grent-'t-Jong et al., 2011; Kelly et al., 2006; Rihs et al., 216 
2009; Sauseng et al., 2005; Thut et al., 2006; Worden et al., 2000); 2) through the selection of 217 
posterior electrodes where grand-average showed the highest attentional modulation of alpha by 218 
cued orienting in the control group of healthy participants. In addition to this, we also verified that 219 
alpha power recorded at selected derivations during the Baseline-fixation was not different among 220 



 

 

9 

9 

the three experimental groups (F(2,37) = 1.1, p = 0.3; HC: 0.75 μV, N-: 1.01 μV, N+: 0.77 μV). 221 
This latter control was run using only derivations over the left hemisphere that was spared in all 222 
participants. 223 

In line with recent studies (Thut et al., 2006; Hong et al., 2016), average TSE was calculated 224 
both during the 500 ms that preceded cue onset (Baseline-fixation period) and within the 300–1500 225 
ms that followed cue onset (Cue period). TSE values were calculated separately in the first half 226 
(300–900 ms post-cue onset) and the second half of the Cue period (900–1500 ms post-cue onset). 227 
Individual data during Baseline-fixation period were analysed through a Group (HC, N-, N+) x 228 
Hemisphere (Left H, Right H) x Cue Direction (Left Cue, Right Cue) repeated measures ANOVA: 229 
the Cue Direction factor was included to check baseline levels of alpha in trials that included Left 230 
Cues or Right Cues. Cue-period data were analysed through a Group (HC, N-, N+) x Hemisphere 231 
(Left H, Right H) x Cueing phase (First Half vs. Second Half of the Cue period) x Cue Direction 232 
(Left Cue, Right Cue) ANOVA.  233 
 234 
Event-related desynchronization/synchronization (ERD/ERS) 235 

To partial out the potential influence of alpha asymmetries recorded during the baseline-236 
fixation period on alpha asymmetries recorded during the Cue-period, we also computed the event-237 
related synchronization/desynchronization index (ERD/ERS) using ERD% = (E − R) / R × 100% 238 
(Pfurtscheller and Lopes da Silva, 1999), where E indicates the alpha power at each time point after 239 
the cue onset, and R indicates the mean value of alpha power during the same Baseline-fixation 240 
period used in the TSE analysis, i.e. 500 ms before cue-onset. In this way, analyses of ERS/ERD 241 
allow to correct alpha asymmetries recorded during the Cue-period as a function of baseline 242 
asymmetries that are present before the presentation of cues. As for the case of TSE, individual 243 
ERS/ERD were calculated for the first half (300–900 ms post-cue) and the second half of this 244 
period (900–1500 ms post-cue). We then entered individual data in a Group (C, N-, N+) x Cueing 245 
phase (First Half vs. Second Half of the Cue period) x Cue Direction (Left Cue, Right Cue) x 246 
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Hemisphere (Ipsilateral, Contralateral) repeated-measures ANOVAs. Time windows and 247 
electrode’s pools were the same as for the TSE analysis. 248 
 249 
Alpha and behavioural lateralization indexes. 250 

According to the method proposed by Thut et al., (2006), individual TSE data in response to 251 
Left, Right and Neutral cues, recorded over posterior ROIs during the Baseline-fixation period and 252 
during the First and Second Half of the Cue-period, were used to calculate a hemispheric 253 
lateralization index of alpha band that incorporated the relative distribution of activity over both 254 
hemispheres in one value. These alpha asymmetry indexes were calculated according to the 255 
following formula: 256 

 257 
( ℎ ) =  ℎ ( ℎ  ℎ ) − ℎ (  ℎ )ℎ ( ℎ  ℎ ) + ℎ  (  ℎ ) 

 258 
 Using the same procedure, we calculated lateralization indices in behavioural responses to 259 

left- versus right-sided targets. Separate indexes for reaction times (RTs) and detection rates (DR) 260 
were calculated using the following formulas:  261 

 262 
( ) =  (  ) − ( ℎ  )(  ) + ( ℎ  ) ;  

 263 
( ) =  ( ℎ  ) − (  )( ℎ  ) + (  ) 

 264 
Since neglect patients can suffer a high number of omissions in the detection of targets in 265 

the left side of space, asymmetry indexes of RTs were calculated with two different procedures. 266 
First, uncorrected indexes were computed taking into account only hit-RTs provided by patients. 267 
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Second, to allow comparison with other recent RTs investigations in neglect (Reganchary et al., 268 
2011), we also calculated corrected asymmetry indexes in which omitted RTs were replaced with 269 
the maximum time that was allowed for response (2000 ms). 270 

Negative index values indicate higher alpha activity over the left hemisphere as compared to 271 
the right one in EEG data and better processing of targets in the left relative to the right side of 272 
space (leftward bias) in behavioural data. In both cases, positive values indicate opposite trends 273 
(Thut et al., 2006). Alpha lateralization indexes were analysed with a Group (C, N-, N+) x Cueing 274 
phase (Baseline-fixation period, First Half Cue period, Second Half Cue period) x Cue Direction 275 
(Left Cue, Right Cue, Neutral Cue) repeated-measures ANOVA. Behavioural asymmetry indexes 276 
(RTs and DR) were analysed with a Group (C, N-, N+) x Cue Direction (Left Cue, Right Cue) 277 
repeated-measures ANOVA.  In an additional series of analyses, we performed multiple 278 
correlations between the indexes of baseline fixation and Cue-related alpha-asymmetry and the 279 
indexes of asymmetry in behavioural measures (RTs, DR). In the case of patients' groups, we also 280 
checked for correlations between the indexes of baseline fixation and Cue-related alpha-asymmetry 281 
and the clinical scores in neglect tests. All p values were corrected for multiple comparisons. 282 
 283 
Voxel-based lesion–symptom mapping (VLSM) 284 

Using the voxel-based lesion–symptom mapping (VLSM) technique (Bates et al., 2003), we 285 
investigated the anatomical correlates of changes in alpha-hemispheric lateralization index in the 286 
whole sample of RBD (N+ and N-). VLSM allows analysing the anatomical correlates of 287 
continuous behavioural or, as in the present case, electrophysiological data on a voxel-by-voxel 288 
basis. Following mapping of individual lesions based on 1.5 T MRI scans (see Lasaponara et al., 289 
2018), we performed a VLSM analysis to produce anatomical maps representing the Z statistics of 290 
the voxel-wise comparison between the average alpha asymmetry scores of the groups of patients 291 
with versus without lesion in a given voxel. This allows for isolation of lesioned voxels that predict 292 
alpha-hemispheric lateralization index. We used the non-parametric Brunner–Munzel test (Brunner 293 
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and Munzel, 2000) to perform statistical comparisons on a voxel-wise basis, as implemented in the 294 
Niistat (Matlab Toolbox) and MRIcron software (Rorden et al., 2007). Brunner–Munzel tests were 295 
performed at each voxel using the alpha asymmetry scores as dependent variable. In order to avoid 296 
producing inflated Z-scores, tests were run using permutation-derived correction (permFWE; 297 
Kimberg et al., 2007). This procedure is assumption-free and more powerful compared to other 298 
procedures, such as the Bonferroni correction (Kimberg et al., 2007). As recommended for the 299 
analyses of data gathered from samples of medium size (Kimberg et al., 2007; Medina et al., 2010), 300 
correction for multiple comparisons was achieved by employing the non-parametric permutation 301 
test and the p significance level was set at 0.05. The localization of VLSM lesion peaks was 302 
determined in MNI space.  The localization of lesion peaks on white matter pathways was made 303 
using the diffusion tensor imaging based atlases by Catani and Thiebaut de Schotten (2012); see 304 
also Thiebaut de Schotten et al., 2011). White matter pathways were visualized using MRICron 305 
software (Rorden et al., 2007). 306 
 307 
Results 308 
TSE 309 
Baseline-fixation period tonic alpha activity 310 

A significant Group x Hemisphere interaction (F (2,37) = 7.03, p = 0.002) pointed out no 311 
significant inter-hemispheric difference in HC and N- (all p > 0.2). In contrast, in N+ tonic alpha 312 
activity was higher in the right as compared to the left hemisphere (Left H: 0.95 μV vs. Right H: 313 
1.24 μV, p = 0.0004). Most important, there was no significant Group x Hemisphere x Cue 314 
Direction interaction (F (2,37) = 0.07, p = 0.49). This shows that during the Baseline-fixation 315 
period the distribution of alpha activity over the two hemispheres across groups was independent of 316 
cue direction, as was expected (see Fig. 2). 317 
 318 
Cue-period phasic alpha activity 319 
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The ANOVA highlighted a significant Group x Hemisphere x Cue direction interaction 320 
(F(2,37) = 6.3, p = 0.004). This interaction pointed out that in HC, Left Cues produced higher levels 321 
of alpha over the left hemisphere with respect to Right Cues (Left cues: 1.21 μV vs Right Cues: 322 
1.08 μV, p = 0.0001) while Right Cues produced higher levels of alpha over the right hemisphere 323 
with respect to Left Cues (Right Cues: 1.07 μV vs. Left Cues: 0.98 μV, p = 0.003). In HC, Left 324 
Cues also produced higher alpha over the left (1.21 μV) rather than over the right hemisphere (Left 325 
Cues: 0.98 μV, p = < 0.001) while Right Cues produced comparable levels of alpha over the left 326 
(1.08 μV) and the right hemisphere (1.07 μV, p = n.s.; Fig. 2) In N-, Left Cues and Right Cues 327 
produced comparable levels of alpha over the left hemisphere (Left Cues: 1.01 μV vs Right Cues: 328 
1.05 μV, p = n.s.) while over the right hemisphere Right Cues elicited higher alpha as compared to 329 
Left Cues (Right Cues: 1.17 μV vs. Left Cues: 1.11 μV, p = 0.04). N- showed higher levels of alpha 330 
over the right than the left hemisphere both with Left Cues (right hemisphere: 1.11 μV vs left 331 
hemisphere: 1.01 μV, p = 0.004) and Right Cues (right hemisphere: 1.17 vs. left hemisphere: 1.05, 332 
p = 0.002). In N+ Right Cues produced higher alpha with respect to Left Cues over the right 333 
hemisphere (Right Cues: 1.28 μV vs. Left Cues: 1.19 μV, p = 0.008) while Left Cues did not elicit 334 
higher alpha with respect to Right cues over the left hemisphere (Right Cues: 1.00 μV vs. Left 335 
Cues: 0.93 μV, p = 0.05; see Fig. 2): this latter finding highlights that in N+ there is no effective 336 
preparatory inhibition of the right side of space when cues drive endogenous attention in the 337 
leftward direction. Finally, N+ showed a generalised enhancement of alpha over the right 338 
hemisphere both with Left (right hemisphere: 1.19 μV vs. left hemisphere: 0.93 μV p < 0.001) and 339 
Right Cues (right hemisphere: 1.28 μV vs. left hemisphere: 1.00 μV p < 0.001). 340 

 341 
*** Insert Figure 2 about here *** 342 

 343 
ERS/ERD 344 
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A significant Group x Cue Direction x Hemisphere interaction (F(2,37) = 4.06, p = 0.02) 345 
showed that in HC there was stronger desynchronization over the right hemisphere with Left Cues 346 
(left hemisphere: -5.5% vs. right hemisphere: -13.2%, p = 0.01) while with Right Cues stronger 347 
desynchronization over the left hemisphere did not reach statistical significance (left hemisphere: -348 
7.7% vs. right hemisphere: -4.2%, p = 0.26). Similar results were also found in N-: Left Cues (left 349 
hemisphere: 8.6% vs. right hemisphere: 1.6%, p = 0.04), Right Cues (left hemisphere: 7.4% vs. 350 
right hemisphere: 5.8%, p = 0.62; see Fig. 3). In N+, with Left Cues no significant hemispheric 351 
difference was found in alpha synchronization (left hemisphere: 4.2% vs. right hemisphere: 7.9%, p 352 
= 0.28), while with Right Cues alpha synchronization was close to be significantly lower over the 353 
left hemisphere, that is over the hemisphere that was contralateral to the side of space pointed by 354 
the cue (left hemisphere: 0.8% vs. right hemisphere: 7.1%, p = 0.07; Fig. 3). 355 

 356 
*** Insert Figure 3 about here *** 357 

 358 
Alpha-EEG and Behavioural asymmetry indexes. 359 
Alpha-EEG asymmetry index 360 

A main group effect (F(2,37) = 10.3, p < 0.001) pointed out that alpha asymmetry was 361 
higher in N+ (0.12) as compared both to N- (0.04; p =  0.03) and HC (-0.03; p < 0.001) and that N- 362 
had higher asymmetry than HC  (p =  0.02; see Fig. 4). This main effect highlights a significant 363 
enhancement in alpha over the damaged right hemisphere in N+ with respect to N- and HC and in 364 
N- with respect to HC. Importantly, the lack of significant Group x Cue Direction and Group x 365 
Cueing Phase x Cue Direction interactions (p >0.12 in both cases) showed that this enhancement 366 
was independent from cue direction. In HC there was a significant Cueing phase (Baseline-fixation, 367 
First Half, Second Half) x Cue Direction (Left Cue, Right Cue, Neutral Cue) interaction (F (4,56) = 368 
3.38, p = 0.01). This interaction highlighted that, compared with the Baseline-fixation period, 369 
during the First and Second Half of the cue period orienting with Left Cues produced a relative 370 
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enhancement of alpha over the left hemisphere (see Fig. 4) while no similar effect was present with 371 
Right Cues and Neutral Cues. This result is in line with previous observations in healthy 372 
participants (Thut et al., 2006). In N+ and N- no change in the asymmetrical lateralization of alpha 373 
over the right hemisphere was present as a function of cue direction or cuing phase (all p > 0.37). 374 

 375 
Behavioural asymmetry index 376 

A significant Group (HC, N-, N+) x Cue Direction (Left, Right, Neutral) interaction (F(4,74) 377 
= 9.06, p < 0.001) showed that independently of cue direction, HC and N- had comparable 378 
asymmetries in the rate of detection of lateral targets (DR: all p >0.13). In contrast, N+ showed a 379 
pathologically enhanced positive asymmetry in DR (see Fig. 4) that corresponds to poorer detection 380 
of targets in the left side of space, when these were preceded by Right Cues (DR asymmetry = 0.45) 381 
or Neutral Cues cues (DR asymmetry = 0.32). This latter finding highlights the conventional deficit 382 
suffered by N+ patients in re-orienting attention toward the contralesional space (Posner et al., 383 
1984). Among groups, no difference in DR was found with Left Cues (HC= -0.002; N-= 0.006; 384 
N+= 0.09; all p >0.12). ANOVAs run on RTs asymmetry indexes revealed no significant Group x 385 
Cue Direction interaction both with corrected and uncorrected indexes (corr: F(4,74) = 1.09, p < 386 
0.36; uncorr: F(4,74) = 0.1, p < 0.97). In contrast to this, there were highly significant main Group 387 
(corr: F (2,37) = 11, p = .0001; uncorr: F(2,37) = 4.7, p < 0.01) and Cue Direction effects (corr: 388 
F(2,74) = 24, p <.0001; uncorr: F(2,74) = 35.6, p < 0.001). Post hoc comparisons showed that 389 
asymmetry in HC (0.0007) was lower than in N+ and N- (corr: N-: 0.1; N+ 0.18; both p < .001; 390 
uncorr: N-: 0.052; N+ 0.035; both p < .04) These results point out that when compared with HC, 391 
right brain damaged patients are generally slower in responding to targets in the left side of space 392 
than to targets in the right side (see Fig. 4). Finally, post-hoc tests showed that compared with other 393 
types of cues, responses with Right Cues were relatively faster for targets presented in the right side 394 
of space (corr: both p < .0001; asymmetry indexes: Right Cues = 0.17; Neutral Cues = 0.11; Left 395 
Cues = 0.01; uncorr: both p < .0001; asymmetry indexes: Right Cues = 0.08; Neutral Cues = 0.03; 396 
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Left Cues = -0.02). A similar advantage was also found when Neutral Cues were compared with 397 
Left Cues (p < 0.0001 both for corr. and uncorr data). Average DR and RTs of the three 398 
experimental groups are reported in Table 2.  399 

 400 
*** Insert Figure 4 about here *** 401 
*** Insert Table 2 about here *** 402 

 403 
Correlations among Baseline-fixation and Cue-period alpha-asymmetries, behavioural-RTs 404 
asymmetry and clinical data.  405 
 406 
Baseline-fixation period (tonic alpha asymmetry) 407 

In HC, no significant correlation was found between inter-hemispheric asymmetries in 408 
Baseline-fixation tonic alpha and behavioural asymmetries in DR or RTs (all r < 0.25, all p = n.s.). 409 
In contrast, in the entire group of RBD patients, i.e. N- and N+ taken together, higher levels of 410 
alpha over the right hemisphere were positively correlated with neglect severity in the line bisection 411 
task (r = 0.57, p = 0.02; see Fig. 5). Most important, in RBD patients tonic alpha asymmetry was 412 
not correlated with lesion size (r = 0.29, p = 0.2).  413 
 414 
Cue-period (phasic alpha asymmetry) 415 

In HC, a series of significant positive correlations highlighted that independently of cue 416 
type, the more alpha was lateralized over the right hemisphere the greater was the RTs advantage to 417 
targets presented in the right side of space (all r > 0.57; all p < 0.02; see Fig. 5).  418 

In the entire group of patients, higher levels of alpha over the right hemisphere during the 419 
presentation of Neutral Cues and Left Cues (First Half of the Cue period) were significantly 420 
correlated with neglect severity in the line bisection task (Neutral Cues: r = 0.453; p = 0.023; Left 421 
Cues: r = 0.42; p = 0.03; Fig. 5). In the case of Neutral Cues, the right hemispheric lateralization of 422 



 

 

17 

17 

alpha was also significantly correlated with lesion size (r = 0.458; p = 0.021) while the right 423 
hemispheric lateralization of alpha recorded during the presentation of Left Cues was not correlated 424 
with lesion size (r = 0.1; p = 0.3). 425 

 426 
*** Insert Figure 5 about here *** 427 

 428 
VLSM results 429 

The VLSM analysis highlighted no significant anatomical correlate for tonic alpha 430 
asymmetry in the Baseline-fixation period. In contrast, the analysis showed that the hemispheric 431 
lateralization of phasic alpha activity during the presentation of Neutral Cues was correlated with 432 
two subcortical lesion peaks (see Fig. 6). The first was located in the frontal white matter below the 433 
Rolandic-Opercular gyrus (MNI coordinates: 28, 15, 4; Brodmann area (BA): 48). The second peak 434 
was located in the white matter of the temporal-parietal junction (TPJ; MNI coordinates: 42, -20, -5; 435 
BA: 48). The first lesion peak causes disconnection of Inferior Occipito-Frontal Fasciculus (IFOF) 436 
while the second one involves the posterior branches of the IFOF, the Inferior Longitudinal 437 
Fasciculus (ILF) and the Posterior Segment of the Arcuate Fasciculus. 438 

A second significant correlation was found between the hemispheric lateralization of phasic 439 
alpha activity during orienting with Left Cues and a lesion peak in in the white matter of the frontal 440 
lobe close to the head of the caudate nucleus (MNI coordinates: 42, -20, -5). This lesion overlaps 441 
with and likely disconnects the third branch of the Superior Longitudinal Fasciculus (SLF III) and 442 
the Frontal Inferior Longitudinal Fasciculus (FILF; see Fig. 6). All VLSM correlations resisted to 443 
correction for lesion size that, on average, was higher in the N+ group (N+ = 123.353 voxels, N- 444 
23.531= voxels; F (1,23) = 12.7, p = 0.002). 445 
 446 

*** Insert Figure 6 about here *** 447 
 448 
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Discussion 449 
Here we report the first electrophysiological study that, to our knowledge, investigates the 450 

hemispheric distribution of oscillatory alpha activity (~8-13 Hz) during orienting of spatial attention 451 
in RBD patients affected by left spatial neglect.  452 
 453 
Tonic alpha (baseline-fixation period) 454 

In regards with tonic alpha activity related to the baseline-fixation period that preceded 455 
orienting of attention with spatial cues, analyses with TSE and alpha lateralization indexes pointed 456 
out no significant hemispheric asymmetry in healthy controls. In contrast, RBD patients showed a 457 
tonic enhancement of alpha over the damaged hemisphere. Compared to healthy controls, this 458 
asymmetry was higher both in N- and N+ and, most importantly, it was significantly higher in N+ 459 
than in N-. In the healthy observer, non-spatial factors like attentional load and decrease in alertness 460 
produce a relative enhancement of tonic alpha over the right hemisphere and a corresponding 461 
rightward drift of spatial attention (Newman et al., 2013; Benwell et al., 2017). In our study, 462 
analyses of hemispheric lateralization indexes showed that in the whole group of RBD patients, i.e. 463 
N+ and N-, the enhancement of tonic alpha over the damaged hemisphere was significantly 464 
correlated with neglect severity in line bisection, i.e. with the pathological rightward drift of the 465 
subjective line midpoint. It is important to note that tonic alpha asymmetry was instead not 466 
correlated with lesion size that, as it often happens, was larger in N+ patients. This result shows that 467 
hemispheric asymmetries in tonic alpha that are not related to episodes of lateral orienting, can 468 
provide a measure of neglect severity. Since concomitant hemianopia can have a relevant influence 469 
on the line bisection performance of N+ patients (Doricchi and Angelelli, 1999; Doricchi et al., 470 
2005) and since in our study only N+ patients without hemianopia were considered, further 471 
investigations are needed to test whether tonic alpha asymmetry can be an index of neglect severity 472 
also in N+ patients who suffer concomitant hemianopia.  473 
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 Lesions in ventral parietal and frontal areas like the temporal-parietal junction (TPJ) and the 474 
inferior and middle frontal giry (MFG and IFG) are considered to be responsible for non-spatial 475 
symptoms in neglect, like reduced alertness and the pathological prolongation of the attentional 476 
blink (Sturm and Willmes, 2001; Husain and Rorden, 2003). According to the hypothesis advanced 477 
by Corbetta and Shulman (2011), owing to anatomical contiguity ventral lesions would produce 478 
functional hypo-activation in adjacent dorsal superior parietal lobule (SPL) and intra-parietal (IPS) 479 
areas. Dorsal areas in the right hemisphere would be responsible for leftward orienting and, vice 480 
versa, those in the left hemisphere for rightward orienting. Due to inter-hemispheric competition, 481 
hypo-activation of SPL/IPS in the right hemisphere would cause a corresponding hyper-activation 482 
of homologous areas in the left hemisphere and a pathologically rightward attentional bias, i.e. the 483 
spatial symptoms of neglect. Though providing a plausible explanation of the functional interaction 484 
between damaged ventral and intact dorsal attentional areas, this view should be probably revised in 485 
the light of more recent findings suggesting that lesions in ventral areas can also be responsible for 486 
spatially lateralised deficit as the pathological enhancement of novelty reaction and contextual 487 
updating for events in the ipsilesional space and reduction of the same responses for events 488 
occurring in the contralesional space (Lasaponara et al., 2018). In addition, we have provided both 489 
univariate and multivariate fMRI evidence showing that the SPL and TPJ areas in the left 490 
hemisphere display a selective response to visual invalid targets in the right side of space while the 491 
same areas in the right hemisphere respond to invalid targets in both sides of space (Dragone et al., 492 
2015; Silvetti et al., 2015). This hemispheric organization of the reorienting network, that two MEG 493 
studies have also documented in the auditory domain (Kaiser et al, 2000; Dietz et al., 2014), 494 
provides a good account for the leftward reorienting deficit suffered by N+ patients. The 495 
involvement of SPL in the spatial remapping of invalid target locations is also supported by 496 
neurophysiological studies in the monkey (Constantinidis and Steinmetz, 2011) and by lesion 497 
studies in patients with unilateral brain damage (Ptak and Schnider, 2011; Vandenberghe et al., 498 
2012). 499 
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Phasic alpha (Cue-period). 500 
In keeping with results by Thut et al. (2006), the assessment of the temporal evolution of 501 

EEG spectral frequency (TSE) showed that in healthy controls phasic alpha was relatively 502 
suppressed over the right hemisphere and enhanced over the left hemisphere during orienting 503 
toward the left side of space. In contrast, when attention was directed toward the right side no 504 
marked hemispheric lateralization in alpha was found. As previously considered (Thut et al., 2006), 505 
these patterns in the hemispheric distribution of alpha can be due to a basic leftward attentional bias 506 
(i.e. “pseudo-neglect”; Jewell and McCourt, 2000) that is linked to the general dominance of the 507 
right hemisphere in the control of spatial attention. The same results are also compatible with the 508 
hypothesis that the right hemisphere can represent and attend both the left and the right side of 509 
space while the left hemisphere is only able to attend the right side (Mesulam, 1981; Dragone et al., 510 
2015; Silvetti et al., 2016). This pattern of hemispheric control would in fact predict, in keeping 511 
with our results, stronger alpha asymmetry with cues driving attention to the left side of space, 512 
because in this case the right hemisphere would be predominantly involved in orienting. In contrast, 513 
with cues directing attention rightward both hemispheres would be involved in orienting and no 514 
alpha asymmetry would be evoked.  515 

In RBD patients, the pathological increase in alpha power that was present over the damaged 516 
hemisphere during the baseline-fixation period, was maintained also during orienting with spatial 517 
cues and was independent of the direction of orienting. As for the case of tonic alpha, the 518 
hemispheric unbalance in phasic alpha was significantly higher in N+ than in N- patients. TSE 519 
analysis also showed that the suppression of alpha over the left hemisphere during rightward 520 
orienting was significantly stronger in N+ patients. This pathological enhancement seems therefore 521 
to specifically reflect the pathological ipsilesional attentional bias suffered by N+ patients. All these 522 
results were confirmed by analyses run with alpha lateralization index based on TSE data. 523 

To gain further insights on the hemispheric unbalance in phasic alpha, we run event-related 524 
analyses of EEG desynchronization/synchronization (ERD/ERS) that allow evaluating changes in 525 
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cue–related alpha-activity with respect to corresponding baseline values recorded during the 526 
baseline-fixation period. These analyses showed that in healthy controls alpha power was 527 
significantly desynchronized over the hemisphere contralateral to the direction of attention, 528 
although this was not matched with a corresponding enhancement in synchronization over the 529 
ipsilateral hemisphere (see Hong et al., 2015). This finding suggests a degree of independence 530 
between desynchronization of alpha in one hemisphere and synchronization of alpha in the other 531 
hemisphere during lateral orienting of attention. Most important, ERS/ERD analyses showed that 532 
while during leftward orienting N- patients had significant alpha desynchronization over the 533 
damaged right hemisphere, N+ patients had no similar desynchronization, a results that points at no 534 
preparatory facilitation for stimuli arriving in the left side of space in N+. Vice versa, during 535 
rightward orienting N+ patients showed a pathological enhancement of alpha synchronization over 536 
the right hemisphere, a result that suggests enhanced preparatory inhibition of stimuli arriving in the 537 
left side of space (Pfurtscheller, 2001; Worden et al., 2000; Kelly et al., 2006; Vanni et al., 1997; 538 
Foxe et al., 1998; Fu et al., 2001). 539 

The evaluation of asymmetries in reaction times and detection rates of targets in the left and 540 
right side of space, showed that N+ patients suffered a pathological reduction in the detection of left 541 
targets both when cues directed attention to the right, which points to a conventional re-orienting 542 
deficit in the contralesional direction (Posner et al., 1984), and when neutral cues directed attention 543 
toward both sides of space (see also Lasaponara et al., 2018). Taken together, EEG and behavioural 544 
results suggest that in RBD patients higher values of phasic alpha over the lesioned hemisphere are 545 
associated with stronger bias in the detection of ipsilesional targets. We also found that, similar to 546 
tonic alpha, hemispheric asymmetries in phasic alpha during orienting with bilateral-neutral and left 547 
cues were positively correlated with neglect severity in the line bisection task. Interestingly, the line 548 
bisection task depends on the activity of parietal areas (Binder et al., 1992; Fink et al., 2000; 549 
Verdon et al., 2009) and taps on mechanisms that regulate the simultaneous distribution of attention 550 
along the entire horizontal space (Binder et al., 1992). Therefore, our findings might suggest a 551 
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functional link between the inter-hemispheric unbalance of phasic alpha and the dysfunction of 552 
neural circuits that regulate the performance in the line bisection task in patients with acquired right 553 
brain damage.  554 
 555 
Anatomical correlates of alpha asymmetry. 556 

VLSM analyses showed that hemispheric asymmetries in phasic alpha during orienting with 557 
neutral and left cues were correlated with damage in two specific brain areas. A first lesion peak 558 
was found in the white matter of the frontal lobe close to the anterior insula and to the frontal 559 
operculum. According to the white-matter atlas by Catani and Thiebaut De Schotten, (2012), this 560 
lesion should produce a disconnection of the Inferior Frontal-Occipital Fasciculus which provides a 561 
direct link between frontal areas and the visual cortex. The second lesion peak was located in the 562 
white matter of the parietal lobe and overlapped with three fasciculi: a) the Inferior Frontal-563 
Occipital Fasciculus; b) the Inferior Longitudinal Fasciculus that links the parietal cortex with 564 
ventral occipital-temporal visual areas; c) the Posterior Segment of the Arcuate Fasciculus that 565 
bridges the temporal-parietal cortex with the insular and inferior frontal cortex. Beside confirming 566 
the role played by lesion of white matter parietal–frontal pathways in spatial neglect (Doricchi and 567 
Tomaiuolo, 2003; Thiebaut de Schotten et al., 2005; Bartolomeo et al., 2007; Doricchi et al., 568 
2008; Verdon et al., 2009), these results suggest an anatomical-functional explanation for the 569 
pathological alpha asymmetry suffered by RBD patients. Recent findings have in fact highlighted 570 
that occipital/parietal alpha correlates significantly with EEG activity in the lateral prefrontal cortex 571 
and that posterior alpha receives a top-down modulation from the frontal eye fields and the inferior 572 
frontal gyri ((Mathewson et al., 2014; Liu et al., 2014; Clayton et al., 2015; Wang et al., 2016). 573 
Direct evidence for the frontal modulation of posterior alpha is provided by studies showing that 574 
transcranial magnetic stimulation (TMS) over the lateral prefrontal cortex reduces the alpha-phase 575 
synchronization between prefrontal and occipital/parietal areas (Sauseng et al., 2011) and the 576 
lateralization of occipital alpha during lateral shifts of visuospatial attention (Mazaheri et al., 2009 577 
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and 2010). Taken together, this evidence suggests that parietal-frontal disconnection might 578 
specifically contribute to the inter-hemispheric unbalance of alpha activity in right brain damage. 579 
The finding that in our patients, higher levels of alpha over the damaged right hemisphere were not 580 
merely linked to lesion size supports this view. Alpha asymmetries recorded during the baseline-581 
fixation period and during the presentation of neutral or left cues were in fact all correlated with 582 
neglect severity, while only asymmetry with neutral cues was also correlated with lesion size. In 583 
addition, all the neural correlates of phasic alpha asymmetries highlighted in VLSM analyses, 584 
including those related to neutral cues, resisted to correction for lesion size.  585 

 586 
Conclusions. 587 

To summarise, the results of the present study provide advances in the understanding of the 588 
pathological anatomical and functional correlates of the neglect syndrome and suggest the 589 
opportunity of using measures of inter-hemispheric lateralization of alpha activity as a diagnostic 590 
and prognostic tool for the evaluation of attentional biases in patients with right brain damage. Due 591 
to their potential clinical relevance, future studies run in large normative samples of patients should 592 
test further the reliability of our findings and conclusions.  593 
 594 
 595 
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Figures and Tables legends: 859 
 860 
Table 1: Demographic and clinical data of RBD patients and healthy controls (Healthy Controls 861 
HC, patients without left spatial neglect N- and patients with neglect N+). Please note that, 862 
compared with N-, N+ have stronger rightward bias/left side omissions in line bisection (t(23) = -4.1, 863 
P =  0.0003, unpaired t-test), Sentence reading (t(23) = 3.3, P =  0.002, unpaired t-test), Letter 864 
cancellation (F(1,23) = 16.5, P =  0.0004, η = 0.41), Line cancellation (F(1,23) = 10.4, P =  0.003, η = 865 
0.31), Star Cancellation (F(1,23) = 22.8, P =  0.0000, η = 0.49) and in the Wundt-Jastrow Area 866 
Illusion task (F(1,23) = 18.3, P =  0.0002, η = 0.44). 867 
 868 
Table 2: Average percentage Detection Rates (DR) and Reaction Times (RTs) in the three 869 
experimental groups (Healthy Controls HC, patients without left spatial neglect N- and patients 870 
with neglect N+), in response to Valid, Neutral and Invalid targets presented in the Left and in the 871 
Right side of space. Standard deviations are reported in brackets. 872 
 873 
Figure 1: Time course of events during experimental task with the example of a trial with the cue 874 
pointing to the left. Duration of events is in ms. 875 
 876 
Figure 2: (A) Time course of grand-averaged alpha-band oscillatory activity (Temporal Spectra 877 
Evolution, TSE) recorded as a function of cue direction (Left Cue, Right Cue) in the three 878 
experimental groups (Healthy Controls HC, patients without left spatial neglect N- and patients 879 
with neglect N+). In HC, differences in TSE between Left Cues and Right Cues recorded ahead of 880 
cue onset are not significant (see Results section) (B) Topographical maps of alpha power 881 
differences (attend-left minus attend-right) averaged across 300–900 ms and 900–1500 ms post-cue 882 
onsets. White circles on scalp topographies highlight pooled derivations in each hemisphere.  883 
 884 
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Figure 3: Grand-averaged alpha-band ERS/ERD values within pools of electrodes (see Fig. 2) 885 
ipsilateral and contralateral to cue direction (Left Cues = Left Cues; Right Cues = Right Cues). (A) 886 
values recorded during the 300-900 ms and (B) during 900-1500 time period that followed cue 887 
onset Vertical bars indicate SE. 888 
 889 
Figure 4: Hemispheric lateralization index of alpha activity (left vs. right hemisphere) and 890 
behavioural lateralization index in target processing (left vs. right hemi-space). Data are reported 891 
separately for Healthy Controls (A), patients without left spatial neglect N- (B) and patients with 892 
neglect N+ (C). For all experimental groups, panels on the left side show the evolution of alpha-893 
lateralization along the Baseline-fixation period, the first and the second half of cue presentation. 894 
Positive values in alpha index indicate higher alpha power over the right hemisphere, negative 895 
values higher alpha power over the left hemisphere. Panels on the right side represent asymmetries 896 
in Detection Rate (DR) and Reaction Times (RTs) between targets presented in the left and the right 897 
side of space. Positive values indicate better performance with targets in the right side of space, 898 
negative values with targets in the left side. For RTs, the figure reports both uncorrected (uncorr) 899 
indices calculated by considering only hits and corrected (corr) indices that were calculated by 900 
replacing misses with the maximal time allowed for response, i.e. 2000 ms. Bars indicate SE. 901 
 902 
Figure 5: (A) Scatterplots of significant correlations between alpha inter-hemispheric asymmetries 903 
and asymmetries in RTs in Healthy Controls (HC) during the Cue-period. Positive alpha values 904 
indicate higher alpha power over the right hemisphere, positive RTs values indicate faster responses 905 
to targets in the right side of space (B) Scatterplots of significant correlations between Baseline-906 
fixation period and Cue-related alpha inter-hemispheric asymmetry and Line bisection performance 907 
(mm) in the entire sample of RBD patients, i.e. N+ and N- taken together. Positive values in line 908 
bisection scores indicate rightward deviation from the true line centre. 909 
 910 
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Figure 6: (A) Representative slices showing the anatomical correlates of hemispheric lateralization 911 
in alpha oscillatory activity recorded during the presentation of bidirectional Neutral Cues in the 912 
entire sample of RBD patients. The localization of the anterior lesion peak (top row in panel A) and 913 
posterior peak (bottom row in panel A) is defined in MNI coordinates. The first map on the left of 914 
each row shows Z-statistics calculated with Brunner and Munzel rank order statistics with 915 
permutation derived correction (Brunner and Munzel, 2000; Medina et al., 2010) All peaks are 916 
significant at p < 0.05 level. In each row, the second, third and fourth slice show the localization of 917 
VLSM anatomical peaks in white matter pathways according to the atlas by Catani and Thiebaut De 918 
Schotten (2012): blue (Inferior Frontal Occipital Fasciculus - IFOF), green (Inferior Longitudinal 919 
Fasciculus), purple (Posterior Segment of the Arcuate Fasciculus). (B) Anatomical correlates of 920 
hemispheric lateralization in alpha oscillatory activity recorded during the presentation of cues 921 
pointing to the left side of space: red (Third branch of the Superior Longitudinal Fasciculus), yellow 922 
(Frontal Inferior Longitudinal Fasciculus). 923 
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Patients 

Group 
Sex  Age 

(y) 
Stroke 
onset 

(months) 

Line bisection 
(200 mm) 
rightward 

deviation (mm) 

Letter 
cancellation 

 

Line cancellation 
 

Star cancellation Sentence 
reading test 

Wundt-Jastrow 
illusion 

(unexpected 
responses)       Left Right Left Right Left Right  Left Right 

N-; n = 13 
 M=10 Mean 61.9 1.3 -0.25 51(53) 48.6(51) 10.9(11) 10(10) 26.2(27) 25.7(27) 5.9(6) 0.2(20) 0.1(20) 
 F=3 S.D. 9.3 0.47 2.8 2.7 5.5 0.2 0 1 1.8 0.2 0.5 0.5 

  
N+; n = 12  M=8 Mean 62.6 1.7 23.2 19(53) 28(51) 6.2(11) 8.3(10) 9.2(27) 15.5(27) 3.1(6) 10.1(20) 0.5(20)  F=4 S.D. 10.4 0.36 19.9 20.5 21.2 5.1 2.4 11.1 8.6 2.9 8.1 1.1 
        
HC; n = 15 
 M=8 Mean 53.2        
 F=7 S.D. 11.1              



 

 1 

    Left targets Right targets 
    Valid Neutral Invalid Valid Neutral Invalid 
HC RTs corr 479.5 (48.7) 517.7 (86.9) 536.5 (100.8) 472.8 (47.1) 511.8 (141.5) 538.9 (117.1) 
 RTs uncorr 428.1 (46.3) 448.7 (54.3) 463.3 (60.5) 424.2 (55.4) 443.1 (56.3) 459.2 (49.1) 
  DR 95.7 (4.4) 96.2 (3.9) 96.6 (5.7) 94.4 (5.5) 95.4 (7.0) 95.4 (6.4) 
N- RTs corr 756.1 (192.1) 835.1 (255.5) 939.2 (313.9) 593.4 (122.3) 638.5 (154.9) 738.7 (239.5) 
 RTs uncorr 522.1 (102.4) 563.6 (120.4) 593.3 (130.1) 474.8 (82.7) 503.9 (88.7) 522.4 (99.9) 
  DR 85.4 (8.6) 83.4 (10.8) 77.1 (17.6) 93.3 (5.3) 92.1 (6.3) 86.4 (9.6) 
N+ RTs corr 1140.9 (447.6) 1349.5 (503.1) 1480.1 (513.5) 804.3 (301.8) 894.9 (354.4) 998.1 (446.2) 
 RTs uncorr 558.4 (136.2) 605.9 (154.5) 609.8 (126.3) 509.6 (117.1) 548.1 (124.8) 568.1 (137.9) 
  DR 61.7 (27.9) 47.2 (31.9) 37.7 (32.8) 80.7 (13.0) 77.3 (17.3) 71.3 (24.0)   














