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Abstract The current study aims to investigate visual

scene perception and its neuro-anatomical correlates for

stimuli presented in the central visual field of patients with

homonymous hemianopia, and thereby to assess the effect of

a right or a left occipital lesion on brain reorganization.

Fourteen healthy participants, three left brain damaged

(LBD) patients with right homonymous hemianopia and five

right brain damaged (RBD) patients with left homonymous

hemianopia performed a visual detection task (i.e. ‘‘Is there

an image on the screen?’’) and a categorization task (i.e. ‘‘Is

it an image of a highway or a city?’’) during a block-

designed functional magnetic resonance imaging recording

session. Cerebral activity analyses of the posterior areas—

the occipital lobe in particular—highlighted bi-hemispheric

activation during the detection task but more lateralized, left

occipital lobe activation during the categorization task in

healthy participants. Conversely, in patients, the same net-

work of activity was observed in both tasks. However, LBD

patients showed a predominant activation in their right

hemisphere (occipital lobe and posterior temporal areas)

whereas RBD patients showed a more bilateral activation (in

the occipital lobes). Overall, our preliminary findings sug-

gest a specific pattern of cerebral activation depending on

the task instruction in healthy participants and cerebral

reorganization of the posterior areas following brain injury

in hemianopic patients which could depend upon the side of

the occipital lesion.
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Introduction

Numerous behavioural and imaging studies with both heal-

thy individuals and brain-damaged patients have shown that

the brain’s functional asymmetry for visuo-spatial functions

is a subtle phenomenon sensitive to a wide range of factors

either experimental or related to the stimulus properties (e.g.,

time, location, spatial frequency content; Oliva and Schyns

1997; Peyrin et al. 2006b). Several functional asymmetries

for visuo-spatial processing are well-known such as the left

hemisphere predominance for local information or high

spatial frequency content, or the right hemisphere predomi-

nance for global information or low spatial frequency con-

tent (Kitterle et al. 1990; Lux et al. 2004; Sergent 1982;

Wilkinson et al. 2001). However, little is known about the

influence of cognitive demand on the functional asymmetry

for visuo-spatial processing. In the same vein, although

hemispheric asymmetries for visual processing have been

extensively studied in associative cortices, such as the

temporo-parietal region (Han et al. 2002; Robertson and

Delis 1986), less research has focused on asymmetries

regarding the occipital cortex. This may be due to the classic

assumption of a lack of such an early hemispheric asym-

metry. Yet, few studies have verify that ‘‘a priori’’ assump-

tion. For example, imaging studies in healthy participants

showed a differential implication of the right and the left

occipital lobe depending on the visual characteristics to

process (e.g., low or high spatial frequency, global or local

information; Fink et al. 1996; Han et al. 2002).

One way to tackle the question of a hemispheric spe-

cialization at the occipital level is to study unilateral

occipital damage patients with subsequent homonymous

hemianopia, which is a loss of vision in the contralesional

visual field. Recent data suggest that vision in the central

and the ipsilesional visual field, although previously con-

sidered as normal, could be altered as well (Paramei and

Sabel 2008; Rizzo and Robin 1996; Schadow et al. 2009).

In addition, recent behavioural data in left and right hem-

ianopic patients suggest that the lesion side may indeed

qualitatively and quantitatively determine the visual pro-

cessing deficit even in the central visual field (Cavézian

et al. 2010; Peyrin et al. 2006a).

The goals of the present study are threefold. First, visual

processing in the central visual field and its underlying neural

correlates were assessed in hemianopia. Second, we aimed to

test for the effect of the lesion side on the performance as well

as on the cerebral activation pattern, especially in the

occipital lobe, when processing information in the central

visual field. Finally, we investigated functional neural cor-

relates according to the cognitive demand of the task (low in

the detection task or high in the categorization task). For

these purposes, we included healthy participants as well as

right and left occipital damaged patients (with left or right

hemianopia respectively), and asked them to complete

detection and categorization tasks of natural scene images

presented in the central visual field while behavioural per-

formance and brain activity were recorded under functional

magnetic resonance imaging (fMRI). Given that our previ-

ous studies in normal and brain-damaged patients were

consistent with an hemispheric specialization for spatial

frequency processing (Cavézian et al. 2010; Coubard et al.

2011; Grabowska and Nowicka 1996; Han et al. 2002; Kit-

terle et al. 1990; Peyrin et al. 2003), we submitted left and

right brain-damaged patients (LBD and RBD) as well as

healthy participants to visual detection and categorization

tasks using non filtered as well as filtered pictures (for low or

high spatial frequencies). Acting as a basic visuospatial task,

simple detection may preferentially engage the right hemi-

sphere, whereas the categorization task may also recruit the

left hemisphere (e.g., Grabowska and Nowicka 1996). Thus,

we expected a predominant right hemispheric occipital

activation in the detection task for healthy participants and,

in consequence, for RBD patients to be specifically impaired

in the detection task. In contrast, due to the specialization of

the left inferior occipito-temporal cortex in the categoriza-

tion of natural scenes (Peyrin et al. 2010), we expected a

predominant left hemisphere occipital activation in the cat-

egorization task for healthy participants and, for this reason,

we expected LBD patients categorization task. In addition,

regarding hemispheric specialization for spatial frequency

processing, the performance of LBD and RBD patients could

be a function not only of the task but also on the spatial

frequency content of the picture. Importantly, for both the

detection and the categorization tasks, we strictly used the

same paradigm (same stimuli, order and time of presentation,

response) but only the instructions differed (detect or cate-

gorize). This procedure allows for specific examination of

the influence of low and high top-down demands on visual

processing (in posterior areas) in healthy participants as well

as after a posterior damage. Overall, this study may provide

new insights about the functional role of each occipital lobe

in central vision according to top-down visual demand, while

improving our knowledge about cerebral reorganization

induced by a left or a right occipital lesion.

Method

Participants

Fourteen healthy male volunteers (mean age ± SD, [age

range] = 55.01 ± 11.44 years, [34–79.5]) and 8 hemianopic

male patients (5 RBD, 57.50 ± 12.67 years, [43–71.05]; 3

LBD, 58.34 ± 11.01 years, [48.13–70]) participated in this

study. Detailed clinical data are presented in Table 1 and

Fig. 1. All participants were right-handed as assessed by the
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Edinburgh Handedness Inventory (Oldfield 1971), and had

normal or corrected to normal visual acuity. They gave their

informed consent to participate in the study. Patients and

controls did not differ in age (p = 0.86). Our study was

restricted to male participants in order to avoid sex differences

in functional hemispheric asymmetries (for a meta-analysis

about gender differences in hemispheric specialization, see

Voyer 1996).

Materials and Method

Stimuli and Procedure

Stimuli were 8 black-and-white photographs (256 9 256

pixels) of natural scenes (6 cities and 2 highways, mean

luminance of 122 and 123, respectively, on a 256 gray-level

scale) selected from a scene picture database (http://cvcl.

mit.edu/database.htm). Stimuli were surrounded by a black

frame. A grey image (128 grey-level scale) surrounded by a

black frame was used as a null image stimulus. Angular size

of all stimuli was fixed at 4� of visual angle. In order to

increase hemispheric asymmetry for visuo-spatial process-

ing (and in particular left hemisphere contribution), we

decided to use filtered images. From each natural scene

image, two additional stimuli were created—a LSF and an

HSF filtered scene images (see Fig. 2a for examples). SF

content of scenes was filtered by multiplying the Fourier

transform of original images by Gaussian filters. The stan-

dard deviation of the Gaussian filter is a function of the SF

cut-off, for a standard attenuation of 3 dB. We removed the

SF content above 4 cycles per degree of visual angle (i.e.

low-pass cut-off of 16 cycles per image) for LSF scene

Table 1 Patients clinical

details
Patient Age

(years)

Etiology Time interval

from lesion

(months)

Volume of

lesion (cm3)

Lesion site—

Brodmann area

Pelli-Robson

score

RHH1 56.9 Ischemia 36 17.80 17–18–19 1.95

RHH2 69.9 Haemorrhage 30.4 54.20 17–18–19–39–21–37 1.95

RHH3 48.1 Ischemia 10 0.93 17 1.95

LHH1 55.3 Haemorrhage 33 8.80 18–19 1.95

LHH2 71 Ischemia 21.2 14.22 17–18 1.8

LHH3 70 Ischemia 34 11.47 17–18–19 1.95

LHH4 43 Haemorrhage 22 18.30 19–20–21–37 1.95

LHH5 48.2 Ischemia 25 1.21 17 1.95

Fig. 1 Anatomic MRI and visual perimetry (Humphreys SITA-FAST

24-2 extending to 30� around the central fixation point) of each

patient with homonymous hemianopia (from left to right: LBD1,

LBD2; LBD3, RBD1, RBD2, RBD3, RBD4 and RBD5). The small

red square within each visual field perimetry illustrates the location of

the stimulus in the visual field (but note that the experiment was run

binocularly). MR images are presented in the neurological convention

where the right hemisphere is on the right side (R) and the left

hemisphere (L) on the left side. The red arrow indicates the lesion

site. LE left eye, RE right eye (Color figure online)
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images and below 6 cycles per degree of visual angle (i.e.

high-pass cut-off of 24 cycles per image) for HSF scenes

images. To create stimuli that did not bias visual processing

the total energy for unfiltered (UF), LSF, and HSF images

was equalized for each scene (for further details, see Peyrin

et al. 2006a). The stimuli and tasks were identical to that of

Cavézian et al. (2010) except that the procedure was adapted

to a block-design fMRI paradigm.

Fig. 2 a Examples of the filtered and non-filtered images of cities

(top line) and highways (bottom line). From left to right: images are

filtered in low spatial frequency (\4 cycles/degree), non-filtered, and

filtered in high spatial frequency ([6 cycles/degree). b Time course of

a trial: at first, a fixation cross appeared at the centre of the screen, for

400 ms; then, the natural scene images appeared centrally for 100 ms;

finally, a grey response screen was presented for 1,500 ms
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Scene and null stimuli were displayed against a grey

background (128 grey-level scale) using E-prime 1.1 soft-

ware (E-prime Psychology Software Tools INC., Pitts-

burgh, USA). They were transmitted into the scanner by

means of a video projector, a projection screen in front of

the scanner and a mirror mounted on the MRI head coil

(* 15.2 9 11.5� of visual angle) centred above the

patient’s eyes. The 24 scenes of stimuli were spread in

three SF-blocks: a UF-block, a LSF-block, and a HSF-

block. Each block contained 10 stimuli: 6 city scenes, 2

highway scenes, and 2 null images. The image presentation

order within a block was randomized. Each participant

performed two tasks during these blocks—a detection task

(D) and a categorization task (C). In the detection task,

subjects were instructed to press a response button each

time they saw an image on the screen (whatever the cate-

gory and the SF content of scenes) and the other button

each time they saw nothing (the black frame on its own, i.e.

the null image stimulus). In the categorization task, they

were instructed to press a response button for ‘‘cities’’ and

another one for ‘‘highways’’ (whatever the SF content of

scenes). This resulted in 6 experimental conditions of

particular interest for the purposes of the current study:

D-UF, D-LSF, D-HSF, C-UF, C-LSF and C-HSF. Impor-

tantly, the detection and categorization tasks used the same

stimuli, only the instructions changed.

A trial began with a central fixation cross for 400 ms

immediately followed by a stimulus for 100 ms at the

centre of the screen (see Fig. 2b for illustration). Partici-

pants gave their answer during the inter-trial interval fixed

at 1,500 ms. They were instructed to fixate the centre of the

screen during the whole image sequence, and to respond as

quickly and accurately as possible. They used their right

forefinger and middle finger to answer. The digit response

was counterbalanced between participants. Responses

(accuracy and response time) were recorded using a Serial

Response box (Psychology Software Tools INC., Pitts-

burgh, USA) placed on the participant’s abdomen and

aligned with the mid-sagittal plane. Before the experiment

(*20.8 days before), participants underwent the same

experiment (with the same stimuli) outside the scanner in

order to train them for this task.

A block design fMRI paradigm was used. Participants

performed 4 functional sessions. Each session included 6

blocks (2 UF-blocks, 2 LSF-blocks and 2 HSF-blocks) for

the detection task and 6 blocks (2 UF-blocks, 2 LSF-blocks

and 2 HSF-blocks) for the categorization task. Each

experimental block lasted 20 s. A rest period lasting 12 s

was inserted between each block. This resulted in 5 rest

periods for each experimental task. The instructions were

verbally presented before the session and a fixed period of

40 s was inserted between the two experimental tasks in

order to inform participants about the change in the task.

The order of experimental tasks and blocks within each

task were counterbalanced between the sessions.

MR Acquisition and Data Analysis

Functional MR imaging was performed on a 1.5-T clinical

MR imager (Philips Intera) equipped with echo-planar (EPI)

acquisition. For functional scans, a T2*-weighted gradient

echo sequence was used. Thirty-three adjacent axial slices

parallel to the bi-commissural plane were acquired in

sequential mode. Slice thickness was 3.6 mm. The main

sequence parameters were: TR = 2909 ms, TE = 50 ms,

flip angle = 90�, field of view = 240 9 240 mm, imaging

matrix = 64 9 64 pixels, reconstruction matrix = 64 9 64

pixels, in-plane voxel-size = 3.75 mm. For each functional

session, two initial dummy scans were performed in order to

stabilize the magnetic field. After dummies, 124 functional

scans were acquired during each session. No functional scans

were acquired during the instruction periods. The total

duration of each functional session was 6 min. and 40 s.

Subsequent to the functional sessions, a T1-weighted high

resolution three-dimensional scan (110 adjacent axial slices,

1.5 mm thickness each, in-plane voxel-size = 0.9 mm, TR =

20 ms, TE = 4.6 ms, field of view = 240 9 240 mm; imag-

ing matrix = 240 9 240 pixels) was acquired to provide high

spatial resolution anatomical information about the volume

previously functionally examined.

Data analysis was performed using the general linear

model (Friston et al. 1994) on SPM5 (Statistical Parametric

Mapping, Wellcome Department of Imaging Neuroscience,

London, UK, www.fil.ion.ucl.ac.uk/spm) implemented in

MATLAB 6.5 (The MathWorks, USA). We used two

complementary analyses. First, all functional scans were

first realigned to correct head motion using rigid body

transformations and time-corrected in order to correct

effects caused by the different acquisition time of each

slice. Then, the functional scans of healthy controls were

normalized to the MNI space. For patients, the functional

scans were co-registered with their own anatomical images.

Finally, the functional scans were spatially smoothed by

using a Gaussian filter (8 mm width).

After pre-processing steps, statistical analysis was per-

formed on functional images. Six experimental conditions

(D-UF, D-LSF, D-HSF, C-UF, C-LSF and C-HSF) and the

Rest condition were modelled as 7 regressors convolved

with a canonical hemodynamic response function (HRF).

The city/highway/null scene condition was orthogonal to

our critical manipulation of SF and Tasks and not further

considered in our fMRI analyses. Movement parameters

derived from realignment corrections (3 translations and 3

rotations) were also entered in the design matrix as addi-

tional factors. The general linear model was then used to

generate parameter estimates of activity at each voxel, for
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each condition, and each participant. Statistical parametric

maps were generated from linear contrasts between the

HRF parameter estimates for the different experimental

conditions. Statistical analyses were then performed sepa-

rately for healthy controls and hemianopic patients. For

both healthy controls and brain damaged patients, we first

assessed at the individual level the whole network of

cerebral areas involved in each experimental task by con-

trasting the detection and categorization conditions with

resting: (D-UF ? D-LSF ? D-HSF) [ Rest and (C-UF ?

C-LSF ? C-HSF) [ Rest contrasts.

For healthy controls only, we then performed random-

effect group analyses on the contrast images from the

individual analyses, using one-sample t tests. Clusters of

activated voxels were then identified, based on the intensity

of the individual responses (p \ 0.05 FWE corrected for

multiple comparisons, T [ 7.75 and extended threshold of

5 voxels for contrasts calculated relative to the rest). Brain

regions were reported according to the stereotaxic atlas of

Talairach and Tournoux (1988). For patients, the clusters

of activated voxels were identified at the individual level,

based on the intensity of the individual responses.

Results

Although filtered images were used, the current study did

not aim to specifically assess this factor (but focused on the

modification of the hemispheric asymmetry by the cogni-

tive demand and an occipital lesion). Thus, the type of

images was included in all analyses and will not be pre-

sented in the following sections.1

Behavioral Results

Healthy Participants

Response accuracy, measured through the error rate

(ER = percentage of erroneous responses), as well as

response times (RTs) for correct responses (in ms) were

recorded and analyzed as behavioural data. ER and RTs were

submitted to repeated-measures analyses of variance

(ANOVA) with Task (Detection vs. Categorization) and

Spatial Frequency (LSF vs. HSF vs. UF) as within-subject

factors. A main task effect was observed both on ER (F1,13 =

5.88, p \ 0.05) and RTs (F1,13 = 111.15, p \ 0.0001) such

as performance was better in the detection (3.43 ± 1.93 %

and 453 ± 52 ms) than in the categorization (4.82 ±

3.94 % and 544 ± 60 ms) task.

Hemianopic Patients

Performance in terms of ER on the Detection and Catego-

rization tasks was compared to that of the 14 control par-

ticipants (Fig. 3). For each task, modified t tests (Crawford

et al. 2010) were carried out to compare the performance of

each hemianopic patient with that of the control group.

Furthermore, for the detection task, we performed additional

analyses on the type of errors [percentage of misses (%Miss)

and false alarms (%False Alarm)] in order to ensure that

patients were active decision-makers rather than passive

receivers of information. Modified t tests were also carried

out to compare the performance of each hemianopic patient

with that of the control group.

LBD Patients

For the detection task, all three LBD patients demonstrated a

well within the normal range performance on the detection

task (LBD1: 3.75 %, t13 = 0.16, p = 0.44; LBD2: 4.58 %,

t13 = 0.58, p = 0.29; LBD3: 5.00 %, t13 = 0.79, p = 0.22).

Furthermore, the analyses on %Miss and %False Alarm

revealed that, in comparison to the control group (2.62 and

6.55 %, respectively), all right HH patients demonstrated well

within the normal range for the %Miss (LBD1: 3.65 %,

t13 = 0.71, p = 0.24; LBD2: 3.65 %, t13 = 0.71, p = 0.24;

LBD3: 4.17 %, t13 = 1.08, p = 0.15) and for the %False

Alarm (LBD1: 4.17 %, t13 = -0.36, p = 0.36; LBD2:

8.33 %, t13 = 0.27, p = 0.40; LBD3: 8.33 %, t13 = 0.27,

p = 0.40) on the detection task.

1 For behavioural data, in healthy controls a significant main spatial

frequency effect (F2,26 = 9.61, p \ 0.001) as well as a significant

spatial frequency x task interaction were observed for ER (F2,26 = 4.31,

p \ 0.05) revealing a higher ER [6.1 % ± 3.2] when HSF-images were

presented (compared to LSF [0.6 % ± 0.1] and UF [0.1 % ± 0.02]–

images) in the detection task only (ER in the categorization task: HSF-

images = 6.4 % ± 6.2, LSF-images = 5.3 % ± 6.7; UF-images =

5.6 % ± 4.6). For RTs there was a significant spatial frequency effect

(F2,26 = 12.05, p \ 0.001) highlighting the classic coarse-to-fine time

course for spatial frequency processing (i.e., longer RT for HSF than for

LSF or UF–images; e.g., Cavézian et al. 2010). However, in each

patient, the type of images did not influence ER or RTs. For imaging

data, we investigated the specific role of spatial frequency in each task

by extracting parameter estimates from the clusters activated within the

occipito-temporal and parietal cortices in the detection task (left inferior

occipital gyrus, right inferior occipital gyrus, and left superior parietal

lobule) and the categorization task (left inferior occipital gyrus, left

middle occipital gyrus, and left superior parietal lobule). These values

were submitted into separate repeated-measure ANOVAs with Spatial

Frequency as within-subjects factors. In healthy controls, only one area

showed an activity depending on the spatial frequency in the

categorization task. The left middle occipital gyrus showed greater

activity when participants have to categorize scenes filtered in HSF than

in LSF (F1,13 = 13.05, p \ 0.005), while there was no difference

between UF and HSF scenes (F1,13 \ 1) or between UF and LSF scenes

Footnote 1 continued

(F1,13 = 2.38, p = 0.15). The specific activation of that area was

previously reported in Peyrin et al., 2004. However, in patients, the

pattern of activation for spatial frequency was highly variable from

one patient to another and seems difficult to interpret.
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For the categorization task, one LBD patient showed

significant lower performance in categorization than con-

trols (LBD1: 27.50 %, t13 = 5.56, p \ 0.001). The two

remaining LBD patients scored well within the normal

range (LBD2: 8.75 %, t13 = 0.96, p = 0.18; LBD3:

6.25 %, t13 = 0.35, p = 0.37).

RBD Patients

For the detection task, four out of the five RBD patients

showed significant lower performance than controls (RBD2:

10.00 %, t13 = 3.30, p \ 0.05; RBD3: 27.92 %, t13 =

12.27, p \ 0.001; RBD4: 10.42 %, t13 = 3.50, p \ 0.05;

RBD5: 25.83 %, t13 = 11.23, p \ 0.001). For the remaining

patient RBD1, performance was also lower than the controls,

but this difference failed to reach significance (6.25 %,

t13 = 1.42, p = 0.09). The analyses on %Miss revealed that,

in comparison to the control group (2.62 %), four RBD

patients showed significantly lower performance (RBD2:

12.50 %, t13 = 6.99, p \ 0.001; RBD3: 28.65 %, t13 =

18.44, p \ 0.001; RBD4: 7.81 %, t13 = 3.67, p \ 0.05;

RBD5: 25.00 %, t13 = 15.86, p \ 0.001). For the patient

RBD1, performance was also lower than the controls, but this

difference failed to reach significance (4.69 %, t13 = 1.45,

p = 0.08). The analyses on %False Alarm revealed that, in

comparison to the control group (6.55 %), three RBD

patients showed significantly lower performance in detection

(RBD3: 25.00 %, t13 = 2.80, p\ 0.05; RBD4: 20.83 %,

t13 = 2.17, p\0.05; RBD5: 29.17 %, t13 = 3.43, p \0.05).

For the patient RBD1, performance was also lower than the

controls, but this difference failed to reach significance

(12.50 % t13 = 0.90, p = 0.19). Only the patient RBD2

demonstrated performance well within the normal range

(0.00 %, t13 = -0.99, p = 0.17). As a whole, RBD patients

were more impaired than controls in both their detections and

rejections suggesting that they did not use a particular strategy

to respond and that they are active decision-makers.

For the categorization task, two out of the five RBD

patients showed significant lower performance (RBD2:

21.25 %, t13 = 4.03, p \ 0.001; RBD5: 15 %, t13 = 2.50,

p \ 0.05). The three remaining RBD patients scored well

within the normal range on the categorization task (RBD1:

6.25 %, t13 = 0.35, p = 0.37; RBD3: 4.58 %, t13 = -0.06,

p = 0.48; RBD4: 9.58 %, t13 = 1.17, p = 0.13).

Overall, detection performance differed significantly from

controls in four out of five RBD patients whereas in categori-

zation only two RBD patients were significantly impaired.

fMRI Data

Healthy Participants

Brain regions activated in the detection and in the cate-

gorization tasks are summarized in Table 2 and illustrated

in Fig. 4. The detection task activated the left occipital-

temporal cortex (inferior occipital gyrus and fusiform

gyrus, BA 18 and 37), the right occipital cortex (at the level

of the inferior occipital gyrus, BA 18) and the bilateral

superior parietal lobules (BA 7). The categorization task

activated the left occipital-temporal cortex (including the

inferior occipital gyrus and fusiform gyrus, BA 18 and 37),

the left middle occipital gyrus (BA 19) and the bilateral

superior parietal lobules (BA 7).

Hemianopic Patients

LBD Patients In LBD1, the same network was activated

in both tasks. Activation was observed in the inferior,

Fig. 3 Percentage of error rate (%ER) in the detection (left) and the

categorization (right) tasks. The asterisk indicates significant differ-

ence between the corresponding patient and the control group

(modified t test following the procedure described in Crawford

et al. 2010). In the detection task, results showed the 4 out of 5 RBD

(RBD2, RBD3, RBD4, RBD5) exhibited a higher ER than controls

whereas LBD performed as well as controls. However, in the

categorization task, 2 RBD (RBD2, RBD5) and one LBD (LBD1)

exhibited higher ER than controls
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middle and superior occipital cortices (BA 17/18/19) pre-

dominantly in the right non-lesioned hemisphere, and in the

right inferior occipito-temporal cortex (BA 19/37). In

LBD2, and as in the previous patient, the same network was

activated in both tasks. In the right hemisphere, increased

signal was observed in the inferior, middle and superior

occipital cortices (BA 18/19), the inferior temporal gyrus

(BA 37), the angular gyrus (BA 39), and the superior

parietal lobule (BA 7). In the left damaged hemisphere,

increased activity was observed around the lesion, in the

occipito-parietal cortex (BA 39/7), and the temporal cortex

(BA 37). In LBD3, only the right inferior occipito-temporal

cortex (BA 19/37) was activated in both tasks.

Overall, for the three LBD patients, the detection task

and the categorization task activated a similar network

(Fig. 5) whereas both tasks were underlined by slightly

different networks in healthy participants.

RBD Patients As in LBD patients, a common network of

posterior activations was observed in both tasks for all

RBD patients (Fig. 5). In RBD1, both tasks activated a

similar network including the inferior occipital (BA 18),

temporal (BA 37) and parietal (BA 39) cortices, but this

time, bilaterally. Moreover, an increased signal was

observed in the left non-lesioned middle occipital cortex

(BA 19). In RBD2, increased activity was observed bilat-

erally in the inferior and middle occipital cortices (BA

18/19) and in the left non-lesioned inferior parietal cortex

(BA 40). The same network of activation was observed in

both tasks. In RBD3, the two tasks activated a common

cortical network including the occipito-temporal bilaterally

(BA 17/18/19/37) and the parietal cortex (BA 40/7, pre-

dominantly in the left non-lesioned hemisphere). In RBD4,

increased signal was observed bilaterally in the lateral

occipital cortex (BA 18/19) and in the inferior occipito-

temporal cortex (BA 37), as well as in the left non-lesioned

striate cortex (BA 17) in both tasks. Finally, in RBD5,

increased signal was observed bilaterally in the lateral

occipital cortex (BA 18/19), inferior occipito-temporal

cortex (BA 37) and superior parietal cortex (BA 7). As in

other RBD patients, the activated network was similar in

both tasks.

Table 2 Cerebral regions activated during (a) the detection task contrasted to the resting state and (b) the categorization task contrasted to the

resting state

Contrasts Area Side BA k x y z T

(a) Detection task

[detection [ resting] Superior parietal lobule/Precuneus L 7 79 -26 -52 49 16.66

Inferior occipital gyrus L 18 92 -33 -84 -2 14.45

[Inferior temporal gyrus/Fusiform gyrus] 37 -37 -59 -9 13.41

Precentral gyrus L 4/6 57 -45 -8 53 11.15

Inferior occipital gyrus R 18 26 41 -84 -2 10.75

Superior parietal lobule R 7 7 30 -56 46 9.49

Cerebellum R – 15 26 -59 -21 9.19

Inferior frontal gyrus L 9 5 -52 9 26 8.89

Middle frontal gyrus R 6 9 30 -5 50 8.84

Middle frontal gyrus L 6 7 -26 -5 53 8.43

(b) Categorization task

[categorization [ resting] Inferior temporal gyrus/Fusiform gyrus L 37 82 -41 -62 -9 21.99

[Inferior occipital gyrus] 18 -33 -84 -2 10.65

Superior parietal lobule/Precuneus L 7 45 -26 -52 52 14.13

Superior frontal gyrus L 6 11 -4 10 49 11.28

Precentral gyrus L 4/6 106 -41 -8 53 10.76

Superior parietal lobule R 7 6 30 -56 43 10.46

Middle occipital gyrus L 19 31 -33 -87 14 10.16

18 -30 -91 5 8.65

Inferior frontal gyrus L 9 8 -56 9 26 9.60

Inferior frontal gyrus R 9 10 41 9 26 9.32

Cerebellum R – 13 30 -48 -22 8.78

For each cluster, the region showing the maximum t value is listed first, followed by the other regions belonging to the cluster [between brackets].

The Talairach coordinates (x, y, z) are indicated

R right hemisphere, L left hemisphere, BA Brodmann area, k number of voxels in the cluster
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Overall, like LBD patients, the five RBD patients

showed a similar network in both tasks. However, in

contrast to what was observed in LBD patients, increased

activation was distributed between both hemispheres and

included the inferior lateral occipital cortex (BA 18/19) for

all RBD patients.

Discussion

The current study aimed to assess visuospatial processing

in the central, supposed preserved, visual field in hemia-

nopia as well as cortical activity in the occipital lobe in

patients and controls during a visual task. Detection and

categorization tasks of natural scene images were used to

additionally evaluate any effect of the cognitive demand in

healthy participants and hemianopic patients.

Overall, our results confirmed that depending only on

the given instructions, the two tasks did not induce exactly

the same pattern of cerebral activation (although overlap-

ping) in healthy participants. In addition, as discussed

below, data in hemianopic patients highlighted that uni-

lateral occipital damage alters visual processing in the

central visual field although the behavioural deficit as well

as the reorganization in the occipital lobe may depend upon

the lesion side.

Effect of the Task Instruction on Cortical Activation

in Controls

Consistent with previous reports (e.g., Fink et al. 2002),

changing the instructions, but neither the stimuli nor the

procedure, leads to a somewhat differential activation in

visual areas in control participants. Moreover, excepting a

common activation in the left inferior occipital gyrus, both

tasks generated a different occipital asymmetry in that the

detection task engages the right inferior occipital gyrus

whereas the categorization task engages the left middle

occipital gyrus. This occipital asymmetry is consistent with

previous imaging data in healthy controls (e.g., Chokron

et al. 2000; Han et al. 2002) showing that the right hemi-

sphere is preferentially engaged when attention is oriented

toward the global level (such as in our detection task where

global information is enough to complete the task);

whereas the left hemisphere is preferentially engaged when

attention is oriented toward the local level (such as in our

Fig. 4 Activated regions provided by the random effect group

analysis in healthy controls by contrasting a the detection task to

resting and b the categorization task to resting. Images are presented

in the neurological convention where the right hemisphere is on the

right side and the left hemisphere on the left side. At the level of the

occipital cortex, the detection task produced greater activation in the

inferior occipital gyrus bilaterally while the categorization task

produced greater activation in the left inferior occipital gyrus and the

left middle occipital gyrus. The colour scale represents the t value of

activation (p \ 0.05 FWE corrected for multiple comparisons). The

Talairach coordinates (x, y, z) are reported. See Table 2 for further

details
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categorization task where at least some details have to be

processed to distinguish cities from highways).

The existence of a differential network in the two tasks

(although overlapping) confirmed that the pattern of func-

tional lateralization may depend upon the stimuli or task

characteristics (e.g., Grabowska and Nowicka 1996).

Although the common network activated in detection and

categorization is consistent with the assumption of a

common processing, the differential brain activation

between both tasks indeed suggests that these two abilities

rely on distinct neural processes as proposed by some

authors (Mack et al. 2008; Cavézian et al. 2010). The

differential recruitment of the right and left occipital lobes

in healthy participants for detection and categorization,

respectively (i.e., depending on verbal instructions only),

probably results from the well-known top-down modula-

tion from associative areas to visual areas (e.g., Corbetta

et al. 1990; Fink et al. 2002). As a matter of fact, using

positron emission tomography (PET) during a visual dis-

crimination task, Corbetta and colleagues (1990) demon-

strated that attention enhanced the activity of different

regions of extrastriate visual cortex that appear to be spe-

cialized for processing specific visual information related

to the task instructions. As we will discuss below, the

present findings in both healthy and brain-damaged

patients thus raise the question of an interaction between

intra-hemispheric effects (top-down modulation) as well as

inter-hemispheric factors (hemispheric specialization

depending on the task nature).

Alteration of the Central Visual Field and Loss of Task

Specificity Activation in Hemianopic Patients

Overall, patients’ results showed that a unilateral occipital

lesion, either right or left, alters visual processing in the

central visual field. This is in agreement with recent studies

showing that hemianopia, regardless of its clinical char-

acteristics (i.e., macular sparing or not, lesion localization

and extent…) cannot be summarized as a loss of conscious

vision and the presence of blindsight phenomenon in the

contralesional visual field (Weiskrantz et al. 1974), but is

indeed associated with visual impairments in the central

(Cavézian et al. 2010) and in the ipsilesional (Paramei and

Sabel 2008) visual fields. In addition, imaging data

revealed a loss of task-specific activation in patients in

contrast to healthy controls who showed a different acti-

vation depending on the task. With respect to the top-down

modulation hypothesis above discussed (e.g., Corbetta

et al. 1990), our results suggest that, whatever the lesion

side, the occipital lesion makes it impossible for associa-

tive areas to correctly orient processing in the occipital

lobe and thus suppress the task-specific activation. In this

way, patients’ activations seem to result more from the

physical aspects of the task (because the two tasks are

exactly the same, only the verbal instruction differs) than

from the cognitive process induced by the given verbal

instruction (as seen in healthy controls). In this way, the

absence of a specific effect of instruction on cortical

activity suggests a reorganization of the connectivity

within the visual system due to the unilateral occipital

lesion, inducing a rather ‘passive’ visual cortical response

Fig. 5 Signal change associated with the comparison between the

task condition (left side: detection task; right side: categorization task)

and the resting condition presented separately for left brain damaged

(a) and right brain damaged (b) patients (LBD and RBD respec-

tively). Images are presented in the neurological convention where the

right hemisphere is on the right side and the left hemisphere on the

left side
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compared to healthy participants whose cortical activation

is sensitive to the verbal instruction.

Effect of Lesion Side on Performance and Cortical

Activity in Hemianopic Patients

The interaction between the lesion side and the perfor-

mance of HH patients in detection and categorization in the

central visual field reported here is in accordance with

previous data obtained in normal and brain-damaged

patients emphasizing the hemispheric specialization for

detection and categorization (e.g., Cavézian et al. 2010;

Kitterle et al. 1990; Peyrin et al. 2006b). Moreover, it has

been shown that a right occipital lesion leads to altered

performance in low- as well as in high-demand cognitive

tasks (detection and categorization tasks), whereas a left

occipital lesion leads to alter performance only in high-

demand cognitive tasks (categorization task) (Cavézian

et al. 2010).

Although the SF content of the picture did not signifi-

cantly affect patients’ performance in the present study the

difference between right and left brain-damaged patients is

also in agreement with an early hemispheric asymmetry

previously suggested for perceptual parameters, such as

spatial frequency (Cavézian et al. 2010; Peyrin et al. 2004;

2006b; see for discussion Mecacci 1993). Overall, similar

to what has been described for the parietal lobes in spatial

processing (Heilman and Van Den Abell 1980), the right

and the left occipital lobes could not be exactly equivalent

in visual processing and there could be an early specific

specialization, at he occipital lobe level, as discussed

below.

Cortical Reorganization in Hemianopic Patients

and Hemispheric Specialization

Although our results are consistent with previous studies

reporting an intra-hemispheric and/or an inter-hemispheric

reorganization in hemianopia (e.g., Bridge et al. 2008;

Silvanto et al. 2007), it seems that both types of reorga-

nization can be found depending on the occipital lesion

side with a predominant intra-hemispheric reorganization

after a left occipital lesion, but a predominant inter-hemi-

spheric reorganization after a right occipital lesion. In

agreement with the classical view, the right hemisphere is

predominant for visuo-spatial processing in the whole

extrapersonal space (Heilman and Van Den Abell 1980),

and the right parietal cortex is able to assume most of visual

functions of the left parietal cortex. Along those lines, the

right occipital lobe may be able to assume part of visuo-

spatial processing normally completed in the left occipital

lobe. Conjointly, the left occipital lobe, because of the left

hemisphere predominance in language/verbal processing,

may be unable to assume visuo-spatial processing normally

completed in the right occipital lobe. Consistent with such a

framework, a left occipital lesion would lead to an accen-

tuated activity in the right hemisphere (to compensate for

the ‘‘loss’’ of the visuospatial processing normally assumed

by the left occipital lobe), whereas right occipital damage

would lead to the recruitment of a more extended network

involving both hemispheres in an attempt to compensate for

the ‘‘loss’’ of the visuospatial processing normally assumed

by the right occipital lobe.

Thus far, studies investigating cortical reorganization in

hemianopic patients had not considered the question of

early hemispheric asymmetry at the occipital level. Indeed,

these studies assessed either right hemianopic—LBD

patients (e.g., Bridge et al. 2008; Henriksson et al. 2007;

Marshall et al. 2008; Raninen et al. 2007; Silvanto et al.

2007) or artificially constituted a group of right hemia-

nopic—LBD patients by flipping across the mid-sagittal

plane imaging data from left hemianopes—RBD (Nelles

et al. 2002, 2007, 2009). These different authors reported

functional and anatomical modifications in the intact and/or

the damaged hemisphere, including within the occipital

lobe. For example, it has been shown that the intact

occipital lobe (the extrastriate areas) was engaged in the

processing of visual information from the ipsilateral visual

field (i.e. the contralesional blind visual field) in addition to

its normal implication in the processing of visual infor-

mation from the contralateral visual field (Henriksson et al.

2007; Nelles et al. 2007). Using Diffusion Tensor Imaging

or Transcranial Magnetic Stimulation, different authors

proposed that this ‘‘transfer’’ of activity is possible because

of connections between the ‘‘intact’’ lateral geniculate

nucleus (i.e., in the intact hemisphere) to the contralateral

associative visual area V5 (i.e., in the damaged hemi-

sphere), as well as a cortico-cortical connection between

right and left V5 areas particularly developed in hemia-

nopic patients (Bridge et al. 2008; Silvanto et al. 2007;

2009). Regarding the population assessed in these different

studies, these results may be considered as specific to right

hemianopia—LBD although definite conclusions are diffi-

cult (if not impossible) because of the ‘‘artificial’’ right

hemianope—LBD groups in the literature.

Cortical Reorganization After Peripheral or Cortical

Damage

Most of the previous studies investigated cortical activation

(and reorganization) when the contralesional, blind visual

field was stimulated. It was thus proposed that pre-existing

callosal pathways (between both occipital lobes) and/or an

alternative inter-hemispheric connection through the

superior colliculi contribute to the redistribution of the

cortical activation in the occipital lobe (e.g., Nelles et al.
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2007). These assumptions are consistent with data col-

lected in patients with a peripheral damage of the visual

system (i.e. retina or optic nerve). Here again, studies

revealed that change in afferent input is associated to

changes in the strength of pre-existing connections as well

as in cortico-cortical and cortico-subcortical coherences

(for review, Pascual-Leone et al. 2005). Conjointly, con-

siderable plasticity in primary sensory areas of adult cortex

and dramatic crossmodal reorganization of visual areas is

observed after short-term or long-term visual deprivation

(e.g., Boucard et al. 2009; for review, Merabet and Pascual-

Leone 2010). Overall, it could well be the case that com-

mon mechanisms participate in differential reorganization

following peripheral or cortical damage (Eysel et al. 1999).

In the same way, different recent neuroimaging studies

illustrated how the pre-existing functional specialization of

cortical sub-regions appears to be preserved following

sensory deprivation (see for review and discussion, Voss

and Zatorre 2012). For example, Renier et al. (2010) using

fMRI tested whether processing of auditory versus tactile

information and spatial versus nonspatial information was

dissociated in the occipital cortex of the early blind. These

authors showed that although no modality-specific activa-

tion was observed in the occipital cortex of blind subjects,

the right middle occipital gyrus (MOG) showed a prefer-

ence for spatial over nonspatial processing of both auditory

and tactile stimuli. Furthermore, MOG activity was corre-

lated with accuracy of individual sound localization per-

formance. In sighted controls, most of extrastriate occipital

cortex, including the MOG, was deactivated during audi-

tory and tactile conditions, but the right MOG was also

more activated during spatial than nonspatial visual tasks.

Thus, although the sensory modalities driving the neurons

in the reorganized occipital cortex of blind individuals are

altered, the functional specialization of extrastriate cortex

is retained regardless of visual experience.

Conclusion

The present results highlights that hemianopic patients may

suffer from subtle although significant deficits in the cen-

tral visual field that could account for their disabilities in

activities of daily living, such as driving (Tant et al. 2002)

or reading (Leff et al. 2006), and thus confirmed recent

behavioural findings (Cavézian et al. 2010). Moreover, a

few studies highlighted visual and attentional deficits in the

ipsilesional visual field in hemianopia (Paramei and Sabel

2008; Rizzo and Robin 1996). In this way, although the

central and the ipsilesional visual fields are usually used in

clinical practice and rehabilitation to compensate for con-

tralesional deficits (for review Trauzettel-Klosinski 2011;

Luu et al. 2010; see for discussion Chokron et al. 2008),

they may not be as preserved as classically assumed.

The second main finding of this study is the fact that a

unilateral occipital lesion may induce a loss of specificity

in cortical activation regarding the visual task performed.

This finding evokes a modification of bottom-up and top-

down modulations within the visual cortex (Lamme and

Spekreijse 2000; Lee 2002; Roelfsema et al. 1998) and

confirms that an early lesion to the visual system (V1), in

the left or in the right hemisphere may alter this complex

connectivity within the visual system even when the scene

is presented to the central visual field.

According to recent studies, cortical reorganization after

a visual system damage can occur any time after the lesion,

at all ages and in all types of visual field impairments after

retinal or brain damage (stroke, neurotrauma, glaucoma,

amblyopia, age-related macular degeneration; Sabel et al.

2011). The third finding of the present study is that in

hemianopic patients, cortical reorganization could depend

on the occipital lesion side. Regarding our recent clinical

and experimental studies (Chokron et al. 2008; Cavézian

et al. 2010), the lesion location seems to play a major role

compared to other factors such as the age at lesion or the

aetiology. In addition, it seems unlikely that eye move-

ments could occur and explain the lesion lateralization

effect in protocols where the time presentation is as short as

100 ms, as in the present experiment. However, further

experiments should nevertheless thoroughly investigate

this question by testing a larger patient group in order to

control for the patients’ age at lesion, aetiology, volume,

and precise intra-hemispheric location of the lesion, while

monitoring eye movements to test if these factors could

influence the pattern of performance obtained here. Along

the same lines, patients could be tested in a monocular

condition in order to test for the presence of a squinting

phenomenon influencing the performance.

To conclude, if confirmed, the present preliminary

findings suggesting a hemispheric specialization at the

occipital level have strong implications not only at a basic

level but also at a clinical one since they may lead clini-

cians to design specific training programs for left and right

hemianopic patients (RBD and LBD respectively).
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