Population receptive field mapping in human subjects with visual cortical lesions.
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Introduction
Cortical Blindness
 Damage to the primary visual cortex (V1) as a result of stroke or other brain diseases
can lead to a loss of conscious vision in the contralateral visual hemifield.
 Cortical blindness affects many activities on a patient's daily life while there are few, if
any, options for rehabilitation and recovery.
 Understanding brain repair processes is an important step in the effort to design
treatments aimed at enhancing the ability of the nervous system to recover after injury.
In attempting to achieve this, it is important to study in detail how the adult human
brain reorganizes after injury.
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Aim of the study
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• Map the organization of the visual cortex in patients with select cortical lesions of the
visual pathways, and compare these with maps obtained from the intact hemisphere
and in healthy controls.
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Methods
 Patients screened at the center for Ophthalmology,
Tuebingen. Normal subjects were used as controls.
 fMRI measurements are obtained during the
presentation of a moving bar stimulus using VisuaStim
Digital goggles with a 30 degree horizontal field of view.
 The subjects have to fixate at a dot at the center and
report every time the dot color is changing.
 Total stimulus presentation time per scan: 384s.
Minimum 5 scans. TR=2s.
 The size of the bar was either 1.5 deg and was moving
by 1 deg per TR or 1 deg moving by by 0.5 deg per TR
(high resolution). The bar swept the screen in 8 different
directions consecutively.
 In select cases an area of the stimulus was obscured creating a so-called “artificial
scotoma”.
 Analysis used the Population Receptive Field (pRF) method (for a detailed description
of methods and analysis see: Dumoulin & Wandell, Neuroimage 2008) to measure the
aggregate receptive field properties of neuronal populations voxel by voxel in the
visual cortex. We used the VistaSoft software (http://white.stanford.edu/software/).

 An artificial scotoma was placed at the upper left
quadrant. (Beware of possible confounds!)
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Population Receptive Field Size
 Voxels at the midline.
 Spread of activity from the other hemisphere.
 No reorganization.

 Hemianopsia
 Large lesion of the occipital lobe in the
right hemisphere.
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 Population receptive field sizes in area V1 of the
intact hemispheres in two subjects with cortical
lesions and in controls.
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 The visual field maps of a patient with
quadranopsia agree with the visual field scotoma.
 The Prf sizes of the areas that have not been
affected are similar to control subjects.
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Conclusions
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 The visual field coverage map of V1
expands to the whole hemifield.
 Apparent loss of activity mostly in
areas V2v and V3v.
 Small loss of activity in V1.

 An artificial scotoma can be used to simulate the patients’ scotoma. The Receptive Field
Center distribution does not seem to change due to the artificial scotoma.
 The Retinotopic maps in the patients’ intact cortex appear preliminarily to be consistent
with the retinotopic maps of control subjects.
 Population receptive field size maps derived from spared cortical regions of patients with
cortical scotoma show preliminarily some differences compared to those of normal
subjects. Further analysis is needed and more experiments are planned to further
investigate the observed differences.
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