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Sustained Attention Decreases Spatial Spread of Visual Responses in Human Primary Visual Cortex
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4 Background % fMRI Analysis 4
// o Previous functional MRI (fMRI) studies have shown that \V/ - - N\ \V///

Goup Results N

Conclusions:

1. Sustained attention to a single hemifield reduced spatial spread of responses to
a high-contrast stimulus for both attended and ignored hemifields in all four

1 /A O 05 Hz sinusoid (same frequency as the stimulus block alternation) (
Wi / quency { =
sustained attention to a visual stimulus increases the amplitude of § f was fit to the fMRI time series for each voxel within V1, and a phase ‘ S Sl ] ‘
the fMRI response in early visual cortex relative to the response ‘ [ was aSSigneldt@ e?digoﬁl cor ﬂiSPOIltdingﬁthe tempor il %elt%Y of tfhe | s, | an : ” - :
: , , : : | response relative to the block alternation. The spatial distribution o | =™y ocation of spatial attention
l to an ignored stimulus in the opposite hemifield (Gandhi et al., 1999). ‘ \ response phases was displayed on flat maps of visual cortex: g g 6l ] 1 q t? , 1 of
ooy, Y e ccrecasca spatiai sprcaa o
. . ) .l.l.l.li e © A -8 | |
J Functmnal MRI Blood .Oxyge.natmn Level Dependent (BOLD) Ln R e e J T * visual responses (relative to \
signal that is correlated with an increase in neural activity el et | £ = . .« . .
. . . . . . » Bow -12) : passive viewing) in both
(relative to baseline) for a given stimulus is classified as positive J - | ded and 3 d hemifield
. . . . 1 © puy - B ] |
BOLD, and the signal that is correlated with a decrease in such + Voxels with positive BOLD responses were clustered °3 | | attended and ignored hemifields
activity is classified as negative BOLD (Shmuel et al., 2006). K within V1 with boundaries corresponding to the inner | =5 B Atrended
- - - f and outer edges of the stimulus annulus (see schematic | 6 -18 W ignored |
- \ ’ outline above and to the left). This band of positive 2 -20 * * ‘
P Uurposc: \\\ l responses in V1 was flanked on either side by regions k AS ECM MAS —t _n
‘ ‘ . . . isolavi ' w\ a Subject | - ] )
‘. ’ To determine the effects of sustained visual + displaying negative BOLD. \ I _ Eecanell %>
attention on the spatial spread of primary visual » 'The response phases had a bimodal distribution '§ 20 gﬁlfddd +
cortical I’€Sp0HS€S to a visual stimulus. " within V1. One I.)opulat.lon of voxels shnwed 1ncI‘eased | | = o
AT V aCl1V1 uring visual stuimuius presentation { positive oy
& % _ - RIGHT VI tivity during visual stimulus presentation (posit 9) -
il  BOLD response to the stimulus), and the second \ ! litude of vi I < 2 i 7
| MethOdS population was less active during stimulus presentation | piitude ot visua a t
than during the blank screen control (negative BOLD responses was greater - E 10+ |
Subjects / Retinotopy oo T response to the stimulus) : | B 2
o~ SUU - ositive egative * : (4~ |
* « Four healthy human volunteers participated in two tMRI sessions each A Zas0 o | : " attende'd fhan 4 P QE.‘ 7 |
| | s | ignored hemifields %0 5
e The boundaries of V1 were defined in independent fMRI sessions for | = The distribution of response phases was fit with two EZ o . J
\ each subject, using standard phase-encoded retinotopic mapping 5, | B Gaussian curves, and the parameters of the best-fit \ Q\g
techniques l ] curves were used to define phase windows for © p— VA o
y\ Sustained Attention Task 1 T positive and negative BOLD within each run. Subject /
i ‘ Phase of Best-Fit Sinusoi — — — . ————
\

o Subjects viewed a contrast-reversing checkerboard annulus (with ; — — -
diameter subtending 3-9 degrees of visual angle) that was presented in

o L
a block-alternation design, with periods of 10s of continuous stimulus ‘ Sln le Sub ect Results [examples of individual 5 min runs]
presentation alter nating Wlth 10s of a blank screen (uniform gray A Relative to passive viewing (borders outlined in yellow below), attention decreased the subjects. This suggests that the reduction in spatial spread is due to engagement
except for the fixation point): * : : : : ..
- - ‘ number of pos1t1ve BOLD and mcreased the number of negatlve BOLD voxelsin V1: of sustained attention rather than allocation to a particular location in space.
] - - - N ** ——— = — — \ : : : : : :
target present \ | h N 2. However, sustained visual spatial attention increased amplitude of BOLD
/ targetabsent TS L T target absent \ Left Hemlsphere nght Hemlsphere N * h C DAt . P
1 w— e w— | ( responses in attended relative to ignored hemifields.
\ \ S, || e :::::::# e \ \ \ Distr ibuti(fln of I o o J
:I:I:I:l. .‘.‘I:I.I.l :I:I:I:l. St :I:I:I:I. .“I‘I:I:l:l résSponse pnases: | N
0 R e e B » a e W Discussion
2SS Acetylcholine and Visual Cortex
E 3 « Animal physiology studies suggest that the neurotransmitter acetylcholine (ACh) reduces lateral interactions in early visual cortex (Kimura
- : / L : / L : / L : : / L : ——- ‘ D et al., 1999; Roberts et al., 2005).
1 A 7 ! 71 ! 7/ ! ‘ = . » o A . . .
[ I I I I Jsecond ' 9second ! < > o In aprevious study, we administered the Alzheimer’s medication donepezil (Aricept®), a cholinesterase inhibitor, thereby increasing
\ 10 seconds sustained attention response intertrial | 0| o Positive synaptic levels of ACh across the brain. We found that cholinergic enhancement with donepezil reduced the spatial spread of visual responses
| K period interval J ‘ BOLD | in area V1 (Silver, Shenhav, & D’Esposito, 2006).
N— === — ' Attention and Acetylcholine
‘ . Sub] ects were instructed to continuou Sly maintain fixation and ' « Basal forebrain axons release ACh over the entire cerebral cortex. Animal studies have shown that cortical ACh release is increased during

periods of sustained visual spatial attention and that basal forebrain lesions impair performance on visual attention tasks (Sarter et al., 2005).

were cued at the start of each run to either passively view the
stimulus annulus or to covertly attend to its left or right half while
performing a target (contrast decrement) detection task.
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L1ke sustained attention, chohnerglc enhancement w1th donepezil reduced spatial spread of visual responses. This ﬁndlng, combined with
the results from animal experiments showing increased cortical ACh release during sustained visual attention, suggests that the attention w
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Negative

ATTENDED
HEMIFIELD

BOLD effects on spatial spread described in this poster may be cholinergically mediated.
« On sustained attention trials, targets o ccurred at random times and 4 2. These findings, together with results of animal physiology studies, suggest that the decreased spatial spread seen after administration of
: e .. : : : ;I \ | | donepezﬂ and w1th attentlonal engagement could be due to altered lateral intracortical connections in early visual cortex. //
locations within the annulus, thereby requiring subjects to maintain e — — __ _
attention over the entire cued hemiannulus for the full stimulus / RVI \ Refer ences: S.P. Gandhi, D.]. Heeger, G.M. Boynton (1999) Proc Natl Acad Sci 96: 3314-19 M. Sarter et al. (2005) Brain Res Reviews 48: 98-111. |
' / SUBJECT AS y F. Kimura, M. Fukuda, T. Tsumoto (1999) Eur ] Neurosci 11: 3597-6009. A. Shmuel et al. (2006) Nat Neurosci 9: 569-77. /
dur ation. / M.J. Roberts et al. (2005) ] Neurophysiol 93: 2062-72. M.A. Silver, A. Shenhav, M. D’Esposito (2006) SEN Abstracts 480.2




