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Cerebral dyschromatopsia is traditionally evaluated by color discri-
mination tests such as the Farnsworth—Maunsell 100 Hue Test.
These tests are also used to evaluate color-perception deficits
caused by eye disease, and they do not tell us whether color per-
ception is impaired in the eye or in the brain. Here, we used color
afterimage to isolate color-perception deficits in the brain from
those in the eyes, in a patient with cerebral dyschromatopsia. The
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results showed that the patient perceived color afterimage
of yellow and blue with abnormal duration and chromaticity. On
the other hand, the patient performed normally on the Farns-
worth—Maunsell 100 Hue Test. We conclude that the color after-
image test would be useful to evaluate color perception in the
brain. NeuroReport 17:109-113 © 2006 Lippincott Williams &
Wilkins.

Introduction

Cerebral dyschromatopsia is a disturbance in color percep-
tion caused by lesions in the ventral occipital cortex. It
frequently accompanies scotoma in the upper visual field
[1,2], and many patients with cerebral achromatopsia also
have prosopagnosia [3].

Cerebral dyschromatopsia is traditionally evaluated by
color discrimination tests, such as the Farnsworth-Maunsell
100 Hue Test and its 15 Hue variant, Panel D-15. Although
the Farnsworth-Maunsell 100 Hue and Panel D-15 Tests
have been very useful for the evaluation of cerebral
dyschromatopsia, two problems remain. First, these tests
are designed to evaluate impaired color vision caused by
eye disease, and not to differentiate between deficits caused
by damage in the eye and deficits caused by damage in the
brain. Second, some patients with cerebral dyschromatopsia
may be able to perform normally on traditional color
perception tasks: even if colors become less clear after brain
damage, normal color discrimination tasks may be possible
by perceiving small differences between colors.

One alternative method to evaluate patients’ ability to see
colors may be measuring the duration and chromaticity of
the color afterimage of red, green, yellow, and blue [4].
Color afterimage is perceived when we view a certain color
(adaptation color) for a certain period and see a neutral
color immediately after disappearance of the adaptation
color. According to Hering’s opponent color theory [5], there

are three pairs of opponent colors (red vs. green, yellow vs.
blue, and white vs. black), and adaptation to one color leads
to the afterimage of its opponent color. The opponent theory
is supported by the finding of opponent cells in the retinal
ganglion cells [6,7], and double-opponent cells in the visual
cortices [8]. Functional imaging studies in humans also
support this theory [9]. Color afterimage may be useful to
evaluate cerebral dyschromatopsia because a certain type of
color afterimage is known to be generated in the brain
[10,11], so we can observe color vision in the brain directly.

We attempted to examine color afterimage in a 58-year-
old man who had a stroke in a focal region in the occipital
cortex. The patient first claimed that visual scenes appeared
yellowish and/or brownish to him at the onset of the stroke,
but he claimed that the symptom disappeared 6 months
later. After he reported that the symptoms disappeared, he
performed normally in the well known color tests such as
the Farnsworth-Maunsell 100 Hue Test. His color perception
was examined further, using color afterimage.

Methods

Case history

The patient (H.N.) was a 58-year-old left-handed male. After
he was admitted to the hospital in October 2003 because of
infarction in the right occipital cortex and the right
cerebellum, he started to claim that visual scenes appeared
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yellowish and brownish to him (Fig. 1a). Neuropsychological
testing showed that he performed normally on the Raven
Color Matrix (29/36), Wechsler Adult Intelligence Scale-
Revised (VIQ 105, PIQ 95, IQ 101), and Kohs Block Design
Test (IQ 98). He was able to recognize photographs of
famous people (the Japanese prime minister, etc.) very easily
and did not claim difficulty in face recognition. Neurologi-
cal testing showed that he had upper-left and upper-right
quadranopsia and he had a scotoma in the lower left visual
field. He had motor ataxia in the right upper limb. The fundi
of his eyes were examined and no eye disease such as
cataract or glaucoma was found. His visual acuity was 20/17
in both eyes. His medical record showed that he had
infarctions in the left occipital cortex in 1998 and 2000.
Magnetic resonance images indicated a lesion in the lingual
and fusiform gyri around the collateral sulcus, as well as in
the posterior part of the parahippocampal gyrus in the left
hemisphere (Fig. 1b). In the right hemisphere, a lesion was
indicated in the paracalcarine cortex, anterior lingual gyrus
and the cuneus.

Conventional color tests

A series of color tests were administered to H.N. between
October 2004 and February 2005, 1 year after he first
reported the symptom that visual scenes seemed to be
yellowish and brownish. At this time, he reported that
the symptom disappeared. After H.N. reported that the
symptom disappeared, he was asked to simulate what
he saw while he had abnormal color perception by adjusting
the color balance of a picture (Fig. 1a). Interestingly, in the
right picture in Fig. 1a, he reduced the amount of blue and
cyan whereas he increased the amount of red, green, and
yellow, suggesting that he could hardly perceive blue while
his dyschromatopsia was severe.

After reporting the disappearance of dyschromatopsia,
H.N. performed normally on the Ishihara Test (no errors)
and Panel D-15 (one minor error). His performance in the
Farnsworth-Maunsell 100 Hue Test was within the normal
range (0-5 error scores in all hues) in both eyes.

Color afterimage test

In addition to the above tests, H.N. participated in a color
aftereffect test in October 2004, December 2004, and
February 2005. Three age-matched male study partici-
pants also took part in the test. Written, informed consent
was obtained from all participants. The experiment was
performed in compliance with relevant laws and the
institutional guidelines of Showa University School of
Medicine.

In the testing room, artificial sunlight illumination was
used to maintain the illumination around the computer at
5501ux. The participant’s head was placed on a chin rest.
The stimulus was presented on a 15-inch liquid crystal
display of Macintosh G4 Powerbook, and the viewing
distance was 57 cm. In each trial, a color square (3.8° x 3.8°)
was presented in the center of the display (Fig. 2). A black
fixation cross (‘+’) was presented in the center of the
display, on the color square. The color of the square was
red, green, yellow, or blue, and the background color
was white. After the participants viewed the stimulus
for a certain period (10 or 155s), the color square disappeared
and the whole display became white, with the black
fixation cross in the center of the display. The

(@)

Original picture Color-adjusted by H.N.

Diffusion

Fig. I (a) H.N’s perception of a natural scene. (b) Magnetic resonance
imaging (MRI) pictures of H.N. MRI pictures showed that lesions were in
the left lingual and fusiform gyri around the collateral sulcus, and the pos-
terior part of the parahippocampal gyrus (indicated by arrows). In the
right hemisphere, the lesion was in the paracalcarine cortex: anterior lin-
gual gyrus and the cuneus (indicated by an arrow). AlthoughT2 and diffu-
sion tensor images were taken from the identical slices, the lesion in the
right hemisphere was visible only in the diffusion tensor images. RH, right
hemisphere; LH, left hemisphere.

participant pressed a button when he started seeing the
afterimage and when the afterimage disappeared. The
durations of the afterimage were recorded automatically
by the computer.

The experiment consisted of four blocks. A block had 12
trials and only one color was used in the block. At the end of
the block, the participant was asked to choose the color of
the afterimage from a color circle.

Results
Figure 3a shows the duration of the afterimage for H.N. and
the normal control. The durations for each stimulus color

110 Vol 17 No 2 6 February 2006

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



COLOR AFTERIMAGE IN CEREBRAL DYSCHOROMATOPSIA

NEUROREPORT

(in seconds) was scaled by the duration for yellow, that is,
(duration of afterimage of a color)/(duration of afterimage
of yellow), for each participant for each condition. There-
fore, the data plot for yellow is one for all conditions. In
H.N., the duration of the afterimage of yellow was shorter
than those of red and green. In contrast, the duration of the
afterimage of blue was longer than red and green. In the 15-s
condition, the duration of the afterimage for blue was three
times longer than that of yellow. The durations of the
afterimage of red and green were quite similar. On the other
hand, in the controls, the duration of the afterimage was
almost the same for all colors.

Adaptation

Afterimage +

Choose the color of
the afterimage

Fig.2 Summary of the task.
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Figure 3b illustrates the chromaticity of the afterimages of
each color for HIN. and the normal control. In H.N.,
chromaticity of the afterimages was very similar for all
stimulus colors, and the chromaticity for all colors was
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Fig.4 (a) Test and control stimuli. Here, duration of the afterimage was
defined as ‘duration of the afterimage for the test stimulus’ minus ‘dura-
tion of the afterimage for the control stimulus’. (b) Results were similar
to those in the first color afterimage test.
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Fig. 3 Duration and chromaticity of the afterimage for each color. (a) In H.N., the duration of the afterimage for blue (i.e. duration seeing yellow after-
image) was three times longer than that for yellow (i.e. duration seeing blue afterimage). The results indicate selective impairment in the blue—yellow
system. In the normal control, the duration of the afterimage was similar for all colors. (b) Chromaticity of the afterimages in the CIE (International
Commission on lllumination) color coordinates. The color names near the arrows (printed in colors) indicate colors in the coordinates, and the crossing
of the arrows indicate white. Color names (printed in black) near the red circles and the green squares indicate the stimulus colors.

Vol I7 No 2 6 February 2006 111

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



NEUROREPORT

KOYAMA ETAL.

located near the chromaticity of white. On the other hand, in
the controls, the color of the afterimage was seen more
clearly and they were complimentary colors of the stimulus
colors.

Next, we asked whether the abnormality in the duration
of the color afterimage was caused by the lesions in the
occipital cortex. As a study showed that color afterimage
occurs as a result of the retinal adaptation [12], it is possible
that the abnormality in the color afterimage occurred in the
retina. In order to see whether the abnormal duration of the
color afterimage in H.N. was associated with the lesions in
the brain, we replicated the above experiment using illusory
figures (Varin figure, Fig. 4a) in which we perceive illusory
filled-in colors on a white background. The color afterimage of
the illusory square in the Varin figure should be generated in
the brain [10,11], as only white is presented to the retina. The
procedures in this test were the same as those in the above test
except that there was only one condition in which the
adaptation stimulus was presented for 10s. The durations of
afterimages of the Varin figures (Fig. 4a left) and the control
stimuli (Fig. 4a right) were recorded; we defined the after-
image of the illusory square as the ‘duration for Varin figures’
minus ‘duration for the control stimuli’. The results from the
original experiment were replicated by the second experiment
using the illusory figures (Fig. 4b).

Discussion

The results from the color afterimage test indicated that the
balance between the neural mechanisms for yellow and blue
were impaired in this patient. The afterimage of blue was
prolonged whereas that of yellow was shortened. The
results suggest that the neural mechanisms for blue, which
should be active after adaptation to yellow, was weakened
by the brain damage. On the other hand, the balance
between the neural mechanisms for red and green was
relatively preserved. The results were replicated by illusory
figures, suggesting that the visual cortex is at least partially
involved in the generation of the abnormal duration of the
afterimage, as the perception of the illusory color should be
generated in the brain [10,11]. Those results were consistent
with the fact that the patient reduced the amount of blue
whereas he increased the amount of yellow while adjusting
color balance in the picture. Measuring the duration and the
chromaticity of the color afterimage may be a useful
diagnostic tool for cerebral dyschromatopsia, because
(1) we could see the activity balance between the neural
mechanisms for the four colors in the brain, and (2) it could
detect color perception disorder that was not detected by the
Farnsworth-Maunsell 100-Hue Test.

Why was the color afterimage experiment able to detect
abnormality that was not detected by the 100 Hue Test? One
possibility is that the color afterimage test directly measures
sensitivity to a color, whereas the 100 Hue Test measures
discriminability between colors. In other words, even if
colors become less clear to a patient after the brain is
damaged, he/she may still be able to perform color
discrimination tasks by seeing small differences between
colors. On the other hand, color afterimage disappears very
quickly when the color is not clear.

We hypothesized that the patient developed abnormal
color perception because of the bilateral damage in the
paracalcarine cortex including the right cuneus and
the lingual gyrus and the left lingual and fusiform gyri.

The location of the lesion was consistent with that of the other
patients with cerebral dyschromatopsia [1,3,13]. The patient
had a quadranopsia in the upper visual field, which was also
consistent with the previously reported cases [1]. Furthermore,
it was shown that neurons in those visual cortexes respond to
color by single-unit recording [8,14,15] and functional mag-
netic resonance imaging studies [9,16-20].

Conclusion

It was concluded that H.N. developed cerebral dyschroma-
topsia after the most recent stroke in the very small region
in the cuneus and the lingual gyri in the right hemisphere.
His color perception recovered significantly and abnor-
mality could be detected only in the duration and
chromaticity of color afterimage, suggesting that the color
afterimage test can be a useful diagnostic tool for cerebral
dyschromatopsia.
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