The parietal cortex and attentional modulations
of activities of the visual cortex
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We recorded high density event-related brain potentials (ERPs)
from a patient with focal left parietal damage in a covert visual or-
ienting task requiring detection of targets in the attended or unat-
tended hemifield. A positivity peaking at 120 ms (PI) to the left
visual field stimuli was enlarged when attended than unattended
and was localized to the right extrastirate cortex. However, spatial
attention did not influence the ERPs to the right visual field stimuli.
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The leftward cue elicited an enlarged Pl relative to the rightward
cue. The results suggest that human parietal cortex is critical
for the attentional modulation of the neural activities in the
extrastriate cortex associated with stimuli in the contralateral
hemifield. NeuroReport 15:2275-2280 © 2004 Lippincott Williams
& Wilkins.







was constructed based on the MR images from a randomly
selected subject. The CURRY program (Neurosoft. Inc.) was
used for these analyses.

MR image acquisition: Brain imaging was performed
using a 1.5T GE Signa MR scanner with a custom head
coil. The patient’s anatomical images were obtained with a
standard 3D T1-weighted sequence (resulting in a 256 x
66 x 256 matrix with 0.938 x 2.0 x 0.938-mm spatial resolu-
tion, TR=585ms, TE=minimum).

RESULTS

Patient: The patient responded correctly to 72% and 76%
of the LVF and RVF targets. Reaction times in the valid and
invalid conditions were 521 vs 547 ms for LVF stimuli and
534 vs 561 ms for the RVF stimuli, respectively. Figure 2a
shows ERPs to nontarget stimuli recorded at occipito-
temporal electrodes from the patient. The ERPs were
characterized with a positive wave peaking between 100
and 140ms (P1l), which was followed by a negativity
peaking between 140 and 220 ms (N1). There were also a
long-latency negativity between 260 and 320ms (N2) and a
positivity between 350 and 550 ms (P3). The main effects of
cue validity (F(1,9)=5.39, p<0.04) and hemisphere
(F(1,9)=9.95, p<0.01) were significant in a time window of
100-140 ms, corresponding to a occipital positive wave (P1)
at the occipito-temporal electrodes. As there was also a
reliable interaction of cue validity x visual field x hemi-
sphere (F(1,9)=5.66, p<0.04), separate analyses were con-
ducted for the LVF and RVF stimuli, respectively.

For the LVF stimuli the main effect of hemisphere was
significant (F(1,9)=15.4, p<0.004), indicating that the P1
amplitude was larger at electrodes over the right than left
hemispheres. The main effect of cue validity was also

significant (F(1,9)=7.88, p<0.02) due to the fact that stimuli
elicited larger P1 amplitudes in the valid relative to invalid
conditions. The difference between valid and invalid
conditions was larger at electrodes over the right than left
hemispheres, producing a significant interaction of cue
validity x hemisphere (F(1,9)=10.6, p<0.01). Current source
density analyses showed that electrical activities between
100 and 120ms had generators in the right extrastriate



463 ms, RVF: 448 ms) and were faster than those in the
invalid condition (LVF: 496 ms, RVF: 475ms; F(1,5)=16.3,
p<0.01). Figure 4a shows ERPs recorded at lateral occipito-
temporal electrodes from the controls. ANOVASs showed a
significant effect of cue wvalidity at occipital-temporal
electrodes at 100-140ms (F(1,5)=14.2, p<0.02), indicating
that the P1 was of larger amplitudes in the valid than
invalid conditions. However, there was no reliable interac-
tion of cue validity x visual field (F<1), suggesting that the
P1 effect did not differ between the LVF and RVF stimuli.
The mean amplitude of the N1 wave between 140 and
160ms was larger in the invalid compared with valid
conditions (F(1,5)=9.10, p<0.03). Current source analysis of
the P1 component showed maximum activities in the
extrastriate cortex contralateral to stimulated hemifields
for both LVF and RVF stimuli (Fig. 4b,c). The Talairach
coordinates of the extrastriate activities were —27.2, —70.7,
—1.2 (RVF, valid); —26.9, —29.7, —9.9 (RVF, invalid); 23.0,
—72.0, —2.3 (LVF, valid); 15.4, —72.2, —0.3 (LVF, invalid).

Figure 5 shows cue-related potentials recorded from
the controls, which were characterized by a positivity at
80-130ms (P1) and a following negativity at 140-200 ms
(N1). ANOVAs did not show significant difference in mean
ERP amplitudes between the left and right pointing cues in
any time window from 80 to 200 ms after stimulus onset
(F<1).

DISCUSSION

This study examined the role of human parietal cortex in
attentional modulation of the neural activities of the visual
cortex by comparing the ERPs recorded from a patient with
focal left parietal lesion and the healthy controls. The



cued relative to uncued locations. Moreover, the P1 effect
did not differ between LVF and RVF stimuli. The current
source density analysis revealed the generators of the P1
component in the extrastriate cortex contralateral to the
stimulated hemifield. The ERP results are in line with
previous work that has shown enhanced neural activities in
the extrastriate cortex associated with attended relative to
unattended stimuli (e.g., indexed by the P1 effect) [12-14].

The patient also responded faster in the valid than invalid
conditions and this cue validity effect did not differ between



following N1 was enlarged by the right cue. Since the P1
may reflect a facilitation of early sensory-perceptual
processing of visual stimuli whereas the N1 may represent
the orienting of attention to a task-relevant stimuli [25], the
patient’s results suggest that the left parietal damage led to
both impairment of the representation of rightward infor-
mation at an early stage of visual processing and difficulty
of directing attention to the contralateral hemifield. It is
possible that the deficits of cue-related processing resulting
from the left parietal damage also contributed to the lack of
attentional modulations of the extrastriate activities related
to the RVF stimuli.

CONCLUSION

The current study provides ERP evidence that focal left
parietal damage degraded the attentional modulations of
the left extrastriate activities. The effect was confirmed
under the condition that the left visual cortex was intact.
The findings support the proposition that the parietal cortex
plays an important role in human attention networks to
modulate the neural activities of the visual cortex.
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