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Macular degeneration (MD) is characterized by a central vision loss caused by the destruction of macular photoreceptors

(Cohen & Souied, 2014). However, the deficit is not confined to central vision.

Contrast sensitivity measured in the residual vision of patients using sinusoidal gratings has been shown to decrease for high

spatial frequencies (HSF) and low spatial frequencies (LSF) at fovea, but also at parafovea (Brown & Lovie-Kitchin, 1987).

Other studies conducted by our team (Musel et al., 2011; Peyrin et al., 2017; Ramanoël et al., 2018) confirmed a deficit in

processing HSF in large photographs of scenes in comparison to normally-sighted people, while the processing of LSF was

relatively well preserved, allowing effective perception of scenes in parafoveal vision.

The present study aims to:

➢ characterize behavioral and cortical reorganization of spatial frequency processing that occur

spontaneously in patients

➢ investigate whether perceptual learning could improve patients’ performance, thus opening the door

to future rehabilitation strategies
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Before training, behavioral performance was lower for HSF than LSF scenes. Consistently, the activation of the

occipito-temporal cortex was lower for HSF than LSF.

Comparison of pre- and post-training behavioral performance showed an improvement on both HSF and LSF 

processing of scenes. Consistently, comparison of pre- and post-training activations revealed activation increase 

of the occipito-temporal cortex, for both HSF and LSF scenes.

These results are preliminary and must be confirmed with more patients and controls participants the we currently

tested, but they suggest that perceptual learning could be an efficient tool to improve MD patients’ scene

perception in their peripheral vision and enhance cortical reorganization in these regions.
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Participants
➢ MD patients (AMD, Stargardt)

➢ Age-matched controls

Behavioral task
Participants had to categorize large scenes filtered either in LSF or in HSF displayed 150 ms.

➢ Patients had to fixate (monocularly with their best eye) the center of the screen (see the red 

cross on the figure) with their preferred retinal locus (PRL) outside their scotoma.

➢ Controls had to fixate (monocularly with their best eye) at the position of their age-matched 

patient’s fovea (see the yellow cross). Their central visual field will be masked with an artificial 

scotoma defined so that visual inputs are identical to those of the age-matched patient.

FMRI acquisition
- Whole-body 3 T Philips scanner (Achieva 3.0T TX Philips, Philips Medical Systems)

- Whole brain volume, 44 slices, 2 mm thickness, TR = 2 sec

- 4 functional runs with a block-design fMRI paradigm (6 LSF, 6 HSF and 10 rest blocks)
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Training: Intensive training (12 one-hour sessions spread 4 weeks) based on perceptual learning with different scene images.

Hypotheses
- Spontaneous reorganization: Deficit for processing spatial frequencies, more pronounced for HSF than LSF, and associated with lower cerebral activity.

- Training effect : Improved performances, more pronounced for HSF than LSF scenes, and boosted cortical responses in high-level visual areas.

Behavioral 9 patients (5 males; Mean age ± SD: 71.11 ± 8.61 y-o) FMRI + Behavioral
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Improvement rate: 

- HSF rate improvement: 14.26% (standard error: 7.50%)

- LSF rate improvement: 8.45% (standard error: 3.96%)

Before training After training Training effect

[LSF > Rest] [LSF > Rest]

[HSF > Rest] [HSF > Rest] [After > Before]

t-value

Patient MD1, male, 73 y-o

Y = -90 Z = -12

[After > Before]

Z = -22

Before After

LSF 63.54% 91.67%

HSF 32.29% 64.58%

Mean percentage of correct 

response:
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