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Blindsight, the ability of some blind patients to describe attributes of stimuli they have no
conscious awareness of seeing, has been attributed to a secondary (retinotectal) visual
pathway. However, it has also been proposed that blindsight could be due to residual
function within the primary (geniculostriate) visual pathway. Data have now been obtained
that support the second alternative. With an image stabilizer ensuring the accurate retinal
placement of stimuli, dense visual field mapping was carried out with a hemianopic patient.
This perimetry revealed, embedded in the patient's scotoma, an isolated 1-degree island
of residual vision that was not disclosed by conventional perimetric methods. Stimuli
presented to this island could be detected and discriminated, although the subject reported
he did not see them. The existence of this island of vision implies a corresponding island
of functioning cortex within the patient's lesion. Other instances of blindsight may be
mediated by similar islands of functioning cortex.

Blindsight refers to residual visual capaci-
ties in the absence of acknowledged aware-
ness (I, 2). In humans, the major (genicu-
lostriate) visual pathway projects from the
retina to primary (striate) visual cortex by
way of the lateral geniculate nucleus. Some
patients rendered blind by striate lesions
have demonstrated an ability to detect and
localize stimuli that they do not report
seeing (I, 3, 4). Patients have also demon-
strated an ability to discriminate the orien-
tation (5), motion (6), and wavelength (7)
of such stimuli. Blindsight has been attrib-
uted to a secondary (retinotectal) visual
pathway (2, 8, 9), which projects from the
retina to higher (extrastriate) cortical re-
gions through the superior colliculus. Some
animal research supports this hypothesis
(10). Alternatively, blindsight may be me-
diated by surviving vestiges of geniculostri-
ate function (3, 11) or direct projections
from the lateral geniculate nucleus to ex-
trastriate cortex (12). We present evidence
from a hemianopic patient that supports
these alternative possibilities.

Patient CLT, tested with informed con-
sent, is a 54-year-old male who had a right
posterior cerebral artery stroke in 1987.
This stroke produced a dense left homony-
mous hemianopia, with some sparing in the
central portion of the lower left visual
quadrant (quadrant macular sparing). Fig-
ure 1 shows visual fields obtained with
computerized mapping (perimetry). Figure
2 shows T1 and T2 weighted magnetic
resonance images, which reveal :&large
lesion within CLT’s right occipital cortex.

With conventional computerized perim-
etry, test stimuli are spaced about 6° apart.
Closer spacing is possible, but the normal
instability of the eye during fixation (which
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may be exacerbated in patients with visual
impairments) limits the accuracy with which
stimuli can be positioned on the retina. We
eliminated this problem by using a Purkinje
image eyetracker (with 1 arc min of resolu-
tion) (13) coupled to an image stabilizer
(14). CLT viewed stimuli with his right eye
by means of mirrors controlled by the eye-
tracker outputs. If CLT’s gaze shifted, the
mirrors shifted the visual scene with the eye,
holding the retinal position of stimuli con-
stant (15). Consequently, specific positions
on our display screen stimulated consistent
retinal locations, irrespective of the patient’s
eye motions. This permitted extended stim-
ulus presentations.

To maximize sensitivity and eliminate
criterion effects, we used interval two alter-
native forced choice methodology (16). For
each trial, tones delimited two consecutive
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0.6-s intervals. During one of these inter-
vals, a black circle 1° in diameter (<1
cd/m?) flashed three times for 96 ms on a
white background (10 cd/m? through the
stabilizer’s viewing optics) at a randomly
selected test location. CLT was required to
decide which interval contained the target
presentation. Confidence ratings were tak-
en on 70% of the trials (1 = low, 5 =
high). Stimuli were displayed on a Macin-
tosh I monitor. Sixty-eight locations in the
central 15° by 24° of CLT’s left visual field
and eight locations in his right visual field
were tested. Left-field test locations were
separated horizontally (center to center) by
2.5° and vertically by 2°, beginning 1° from
the horizontal meridian and 1.5° from the
vertical meridian. Data were obtained over
30 test sessions. Overall, there were 36 to
292 presentations at each test location.
Targets in the right visual field were de-
tected with an accuracy exceeding 95%. Sta-
bilized perimetry revealed several features in
the left visual field not shown by conventional
perimetry (Fig. 3). A band of residual vision
extends downward along the vertical meridi-
an in the lower left quadrant. In the upper left
quadrant, a band of vision extends out to 7°
along the horizontal meridian. At 7° above
the horizontal meridian, a peninsula of vi-
sion extends leftward from the vertical me-
ridian. Most important, there is an isolated
island of vision 7° above the horizontal
meridian and 11.5° left of the vertical me-
ridian. CLT’s 65% correct detection at this
location is significant (Z = 3.08, n = 166, P
< 0.00005) and remains significant with a
Bonferroni correction for 68 test locations (P
< 0.01) (17). Surrounding test points gave
no indication of residual function. This con-
tinued to be the case when we increased the
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Fig. 2. Coronal magnetic resonance images through CLT's occipital lobe (with the left hemisphere
imaged on the right). On the T1 weighted image (A) damaged areas appear black or gray. On the
T2 weighted image (B), which highlights the water content characteristic of damaged tissue, these
areas appear white.

diameter of the perimetric target to 2° for a
subset of these points. CLT reported that
targets were never actually visible in the
upper left portion of the screen, and his
mean confidence rating of 1.05 for the island
of function is comparable to his mean rating
of 1.03 for the surrounding blind regions.
When queried, CLT insisted that he “never
saw anything” in the upper left portion of
the visual field, although he occasionally
had a sense that “something happened
there” (18). His detection ability in the
island of preserved function therefore

has the character of blindsight.

To determine the boundaries of the is-
land of preserved function, we performed
denser perimetric mapping, using a 3.66°
square matrix of nine stimuli 1° in diameter
(Fig. 4). Only at the central test location
was detection significantly greater than
chance, suggesting that the island of sparing
is primarily confined to an area not much
larger than 1°. However, some residual func-
tion may be present below and to the lower
left of the center position.

When we assessed CLT’s ability to use
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information presented to the island of pre-
served detection, we found that he could not
identify the location of stimuli presented
within this area. He was unable to report
whether an arrow in his seeing field was
vertically aligned with a target in his blind
field, even when that target was presented in
the island of sparing. He was also unable to
direct a saccade toward a 1° stimulus flashed
at this location. Nevertheless, he could dis-
criminate between a diamond and a square
(both 1° on a side) centered within the
island of sparing. His accuracy was 65% in
this task (Z = 5.00, n = 288, P < 0.0001),
which is comparable to his detection perfor-
mance. His mean confidence rating of 1.06
indicated no conscious awareness of which
figure had been displayed. However, when
we increased the size of the diamond and
square to 2° on a side, CLT’s accuracy did
not differ from chance (47% correct, n =
72). This suggests that CLT’s discrimination
of the stimuli required a contour edge within
the island of sparing. Large stimuli com-
pletely blanketed the island, eliminating this
contour information.

We also investigated residual visual abili-
ties at two additional locations in CLT’s blind
field. Both locations were 6.5° left of the
vertical meridian; one was 1° above the hor-
izontal meridian and the other 1° below that
meridian. At these locations, CLT’s confi-
dence ratings and detection accuracies were
higher than in the island of sparing (>2 and
>90%, respectively). CLT was able to local-
ize and direct a saccade toward stimuli pre-
sented to these locations. At the lower field
location he could discriminate between a 1°
diamond and square (93% correct, n = 180),
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Fig. 4. Detailed stabilized perimetry of the
retinal area containing CLT's island of pre-
served visual function. Large numbers show
percentages of correct detection. There were
66 trials at each location. At the center position,
performance was significantly above chance
and remained so with a Bonferroni correction
for nine tests (P < 0.01). At the positions shown
in gray, accuracy rates were elevated but did
not reach significance.



but at the upper field location he could not
(50% correct, n = 180). However, when the
size of the stimulus was increased to 2° on a
side, discrimination became possible at both
locations. This reveals a pattern of visual
abilities that contrasts sharply with that found
at the island of sparing.

Because CLT’s preserved visual function is
limited to an isolated region embedded in his
scotoma, it cannot be attributed to a general
retinotectal system. The preserved function
could be attributed to either a corresponding
island of partially preserved striate cortex or
an isolated region of partially functioning
extrastriate cortex accessed by geniculo-ex-
trastriate projections. Both explanations are
viable, but we regard the former as more
likely, because a magnetic resonance-based
flat-map reconstruction (19) of CLT’s right
hemisphere shows considerable sparing of ex-
trastriate areas but only a minimal region of
remaining striate tissue (Fig. 2).

The existence of a small island of sparing
embedded within the blind field raises the
possibility that similar islands could mediate
blindsight in other patients. Visual field map-
ping that we conducted with one additional
patient is commensurate with this possibility.
The mapping indicates that regions shown by
standard perimetry to have uniformly degrad-
ed vision can, with stabilized perimetry, re-
solve into a mosaic of blind and seeing re-
gions. Patchy distributions of residual vision
within scotomas may therefore be more com-
mon than previously realized. Of course, the
fact that cortical sparing is capable of mediat-
ing blindsight does not exclude the possibility
that a retinotectal pathway mediates blind-
sight in some cases. Visual capacities have
been reported in the blind field of some
hemispherectomy patients (8, 20), although
these capacities could be attributed to adap-
tive cortical rearrangements. The evaluation
of the role of cortical sparing in blindsight will
require detailed visual-field mapping with ad-
ditional patients. However, our results under-
score the fact that manifestations of blindsight
must be interpreted with considerable cau-
tion. Only when one can rule out the possi-
bility that preserved visual functions are a
consequence of preserved cortex can an inter-
pretation based on a retinotectal system be
regarded with confidence. Our findings indi-
cate that small regions of preserved visual
cortex may be difficult or impossible to detect
with conventional perimetric methods.
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Amelioration of Autoimmune Encephalomyelitis
by Myelin Basic Protein Synthetic
Peptide—-Induced Anergy

Amitabh Gaur, Brook Wiers, Angela Liu, Jonathan Rothbard,
C. Garrison Fathman*

Experimental autoimmune encephalomyelitis (EAE), ademyelinating disease of the central
nervous system that can be induced in susceptible strains of mice by immunization with
myelin basic protein (MBP) or its immunodominant T cell determinants, serves as a model
of human multiple sclerosis. Tolerance to MBP in adult mice was induced by intraperitoneal
injection of synthetic peptides of immunodominant determinants of MBP and prevented
MBP-induced EAE. Furthermore, tolerance-inducing regimens of peptides administered to
mice after the disease had begun (10 days after induction with MBP) blocked the pro-
gression and decreased the severity of EAE. Peptide-induced tolerance resulted from the
induction of anergy in proliferative, antigen-specific T cells.

Over the past decade, it has become ap-
parent that synthetic peptides correspond-
ing to the major immunodominant T cell
determinants of native protein antigens can
induce unresponsiveness both to them-
selves and to the native protein antigen in
neonatal and adult mice (1-4). The use of
peptide-specific tolerance as a means to
treat human autoimmune disease is a con-
sequence of these studies. Murine EAE is a
model of human multiple sclerosis (MS) (5)
and is caused by an immune response to
MBP. We have now induced tolerance to
synthetic peptides corresponding to the ma-
jor immunodominant determinants of MBP
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(peptides Ac 1-11 and 35-47) or to intact
MBP by intraperitoneal injection of an
emulsion of the peptide or protein in in-
complete Freund’s adjuvant (IFA), as has
been described for tolerance induction to
other proteins or peptides (3). Two weeks
after administration of tolerogen, mice were
injected subcutaneously at the base of the
tail with the same peptide antigen or the
intact protein emulsified in complete Fre-
und’s adjuvant (CFA), the usual route of
immunization. T cell proliferative assays
performed on regional draining lymph node
cells 10 days later revealed that the mice
had been made tolerant to the peptide or
protein administered as tolerogen. Both
peptides Ac 1-11 and 35-47 induced toler-
ance to recall challenge by themselves in
PL/J mice (Fig. 1A) (6).

In a separate experiment, PL/] mice
were injected intraperitoneally with Ac
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