Correspondence
Body Recognition in a Patient with Bilateral Primary
Visual Cortex Lesions
To the Editor:
When the primary visual cortex of a cerebral hemisphere is
lesioned, the patient loses sight in the contralateral visual ﬁeld.
However, it has been shown that some patients are still
capable of “recognizing” certain visual attributes of stimuli
that are presented in their blind visual ﬁeld and for which they
have no conscious awareness of their presence. For example,
a patient with a lesion in the right primary visual cortex and
ensuing clinical blindness of the left visual ﬁeld was able to
discriminate above chance level the orientation of lines that
were presented in his blind visual ﬁeld and without acknowledged awareness of the stimuli (1). Recent neuroimaging
ﬁndings in such patients reported extensive activations of
extrastriate visual areas in the intact hemisphere in response
to stimuli presented in the blind ﬁeld (2,3), as well as the
formation of new ﬁber connections linking intact subcortical
areas in the damaged hemisphere with extrastriate areas in the
intact hemisphere (4). This suggests that spared object
categorization for unseen stimuli is, at least in part, mediated
by striate and extrastriate visual areas along the ventral stream
of the intact hemisphere.
We investigated object recognition in a patient with cortical
blindness over the entire visual ﬁeld.

Case Report
History
A 58-year-old male physician suffered 2 occipital strokes in
less than 2 months, leading to bilateral destruction of primary
visual cortices (V1), more than 7 years before the current
investigations. Clinically, he appears to be totally blind, and
extensive behavioral and neuroimaging experiments could not
provide evidence of perceptual awareness or functioning of
primary visual cortex (5). Remarkably, he was able to avoid
obstacles positioned in a corridor he walked through, showing
that V1-independent neural pathways can still sustain sophisticated navigational functions and visuomotor integration (6).
Possibly, alternative (subcortical) pathways exist to sustain
egocentric visuospatial guidance of object-directed movements by activating the dorsal stream (the “where” stream).
However, the residual functions following primary visual cortex
destruction of the other main visual function (i.e., object
recognition) sustained by the ventral stream (the “what”
stream) (7) remain an open question.

Behavioral Testing
Visual Perimetry. A white circle (11; luminance 95 cd/m2) was
presented for 300 milliseconds at each of 64 locations (16 per
quadrant) against a dark background (2 cd/m2). A similar
procedure was performed with ﬂickering stimuli (20 Hz). The
patient did not detect any stimulus change, conﬁrming his
clinical blindness.
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Object Recognition. Stimuli consisted of 120 images
equally divided over ﬁve categories: faces, whole bodies
(without faces), butterﬂies, cars and scrambled images. All
categories were matched for size and luminance. The experiment was divided in ﬁve blocks. In each block, all 120 stimuli
were presented singly at the center of the screen for 1500
milliseconds, their onset and offset announced by two different sounds. Instructions stated to guess whether the stimulus
matched the target category of the respective block (e.g., face
or no face). Per block, we calculated the number of correctly
categorized target stimuli. He categorized human bodies
signiﬁcantly above chance level, whereas categorization of
the other stimuli was at chance (correct categorization: human
bodies, 13 of 24; p , .001 by binomial test; faces, 6 of 24;
butterﬂies, 7 of 24; cars 8 of 24; scrambles, 5 of 24; p . .09).
Imaging. To investigate the neural correlates of his preserved ability to categorize human bodies, we used functional
magnetic resonance imaging and presented images of the
same categories while he lay in the scanner and was
instructed to keep his eyes open and ﬁxate straight ahead.
The stimulation protocol consisted of alternating ﬁxation
(24,000 milliseconds) and stimulation (20,000 milliseconds)
blocks. During stimulation blocks, 10 stimuli of the same
category were presented one by one for 1500 milliseconds
with an interstimulus interval of 500 milliseconds. Five categories were presented: bodies, faces, butterﬂies, cars, and
scrambled images. A passive exposure paradigm ensured that
results were unaffected by top-down factors such as action
execution or button press. The run was pseudo-randomized
with four blocks of every stimulus category. Data were
collected on a 3T TrioMRI scanner (Siemens Medical Solutions, Erlangen, Germany). An anatomical scan was acquired
using a three-dimensional magnetization prepared rapid
acquisition gradient echo T1-weighted sequence (repetition
time/echo time/inversion time 5 2.5 sec/2.9 msec/1.1 sec,
ﬁeld of view 5 230 mm, matrix 256 3 256, slice thickness 5
.9 mm). A T2*-weighted gradient echo type echo planar
imaging sequence was applied for whole brain blood oxygen
level–dependent sensitive magnetic resonance imaging (repetition time/echo time/ﬂip 5 2 sec/30 msec/851, ﬁeld of view
220 mm, matrix 86 3 86, in plane resolution 2.5 3 2.5 mm,
32 contiguous 3-mm axial slices with .45-mm gap). Preprocessing of the functional data included slice scan-time correction (cubic spline interpolation), three-dimensional motion
correction (trilinear/sinc interpolation), and temporal ﬁltering
(high pass General Linear Model-Fourier of 2 sines/cosines).
Functional data were transferred into Talairach space. Analysis
was based on the General Linear Model, with each condition
deﬁned as a predictor. Threshold was set at p , .05,
Bonferroni corrected for multiple comparisons.
Imaging Results. An area in the right occipitotemporal
cortex bordering the lesion was more active when he was
shown pictures of human bodies, compared with the other
categories (Figure 1). This location corresponds to the extrastriate body area, which has been shown to process perception of the human body shape in normal subjects (8). Its critical
involvement in body recognition is further substantiated by
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Figure 1. Imaging and behavioral results. The left panel shows a cortical reconstruction of the patient’s brain with the lesions colored in turquois. Gyri are
shown in light gray, sulci in dark gray. The top right panel shows the behavioral results indicating above-chance categorization of human body shape stimuli
(*p , .001). The red line indicates chance level (4.8). The bottom right panel shows the statistical activation maps when comparing presentation of body
stimuli with the other categories (threshold p , .05, Bonferroni corrected for multiple comparisons). Statistical color coding is shown on the bottom right.

studies showing impaired body shape recognition when
extrastriate body area is virtually lesioned by means of
transcranial magnetic stimulation (9). The neural pathways
sustaining input to the ventral stream in the absence of V1
presumably rely largely on subcortical structures. In line with
this, we observed that the bilateral posterior lobes of the
cerebellum also responded more to bodies than to the other
categories. This region has been associated with categorical
perception (10), including body perception (11).
These results suggest a neural mechanism underlying
visual object perception not accompanied by visual awareness. The results are in line with a recent report of object
recognition without awareness in normal subjects (12) and
additionally have therapeutic implications. Speciﬁc training
programs for stimulating residual visual capacities after V1
damage were shown to be effective for complex motion
perception (13) and grating discrimination (14). These results
may provide an incentive for the development of cognitive
rehabilitation programs (15) targeting some areas of object
recognition.
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