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PURPOSE: To study MR images for atrophic changes in the calcarine area resulting from retinal
degeneration. METHODS: MR images from nine patients with retinal degeneration confirmed by
ophthalmologic examination and from 30 healthy volunteers were reviewed. The causes of retinal
degeneration were hereditary pigmentary degeneration of the retina (four patients), high myopia
(two patients), and chorioretinal atrophy (three patients); all patients had visual disturbances and
visual field abnormalities. To estimate the morphological changes of the calcarine area, the widths
of the right and left calcarine fissures were measured on T1-weighted sagittal images and compared with images from age-matched control subjects. RESULTS: The calcarine fissures were
significantly dilated in the patients with retinal degeneration. The anterior and middle points, which
represent the peripheral visual field center, were more dilated than the posterior point. CONCLUSION: The MR findings suggested calcarine atrophy related to retinal degeneration. Transneuronal
degenerative changes may occur in the calcarine area after retinal degeneration.
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The visual pathway from the retina to the
striate cortex consists of three fibers. The first
neuron contains a layer of bipolar and ganglion
cells in the retina, the second neuron connects
the ganglion cell layer and the lateral geniculate
body, and the third neuron connects the lateral
geniculate body and the striate cortex. Many
earlier studies have shown that these neuroanatomic characteristics produce histologic
changes in specific regions of the visual pathway, defined as transneuronal degeneration,
caused by lesions of the retina and optic nerve
(1, 2). Other studies have shown that distinct
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histologic changes in the visual cortex occur
after removal of an eye, and that degeneration
of the retina occurs after occipital ablation in
animals (3, 4). Similarly, it is thought that histologic changes in the striate cortex appear as a
consequence of retinal degeneration in humans.
The purpose of this study was to evaluate the
magnetic resonance (MR) imaging findings in
the calcarine area resulting from retinal degeneration.
Materials and Methods
MR images were reviewed in nine patients (four women
and five men; 52 to 80 years old; mean age, 69 years) with
retinal degeneration confirmed by ophthalmologic examination and in 30 age-matched healthy volunteers (eight
women and 22 men; 50 to 84 years old, mean age, 68
years). The causes of retinal degeneration were hereditary
pigmentary degeneration of the retina (four patients), high
myopia (two patients), and chorioretinal atrophy (three
patients). All patients had visual disturbances and visual
field abnormalities. One patient was examined on a 0.5-T
superconductive MR unit, and the remaining eight patients
and all the volunteers were studied on a 1.5-T unit. The
sagittal T1-weighted MR images were obtained using a
spin-echo sequence with imaging parameters of 450 –
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TABLE 1: Calcarine fissure in patients with retinal degeneration
Width of Calcarine Fissure, mm
Case

Age, y/Sex

1
2
3
4
5
6
7
8
9

52/F
57/F
62/M
69/F
71/M
73/M
77/M
80/M
80/F

Right

Diagnosis

Left

Anterior

Middle

Posterior

Anterior

Middle

Posterior

1.0
1.1
0.7
1.4
5.4
3.6
1.8
3.6
1.0

1.3
1.4
1.1
4.0
2.9
1.1
3.6
1.8
1.4

0.6
0.7
0.7
0.4
1.1
0.4
1.1
1.1
1.3

1.3
1.4
0.7
0.7
3.6
3.6
3.6
0.4
4.0

2.6
2.5
0.7
1.4
5.4
1.8
1.1
3.0
5.0

0.3
0.4
1.4
1.0
1.1
1.8
0.7
0.4
2.5

Pigmentary degeneration
High myopia
Pigmentary degeneration
Chorioretinal atrophy
High myopia
Chorioretinal degeneration
Pigmentary degeneration
Chorioretinal degeneration
Pigmentary degeneration

TABLE 2: Size (mm 6 SD) of calcarine fissure in patients with retinal degeneration and in healthy volunteers

Anterior
Middle
Posterior

Patients with
Retinal
Degeneration

,70 Years

$70 Years

Total

2.16 6 1.53
2.33 6 1.40
0.94 6 0.58

0.97 6 0.47
1.06 6 0.56
1.08 6 0.44

0.93 6 0.35
1.10 6 0.36
1.08 6 0.44

0.95 6 0.43
1.07 6 0.49
1.08 6 0.44

Healthy Volunteers
P

600/16 –20/2– 4 (repetition time/echo time/excitations).
The section thickness was 5 to 6 mm with a 0.5- to
1.0-mm intersection gap. The field of view was 25 to 30
cm, and the matrix size was 256 3 256. To estimate the
morphological changes of the calcarine area, the widths of
the right and left calcarine fissures were measured on
T1-weighted sagittal images using a 310 magnifying glass
with a 0.1-mm scale, and sizes were compared between
the volunteers and the patients with retinal degeneration.
We compared the measurement scale on the magnifying
glass with a standard scale printed on the film itself. The
actual width of the calcarine fissure was obtained by calculating the reduced ratio on the film. The mean width at
three points on the calcarine fissure—anterior, middle, and
posterior—was calculated, and an unpaired t test was used
for statistical analysis.

0.0038
0.0014
0.28

0.95 6 0.43 mm at the anterior point, 1.07 6
0.49 mm at the middle point, and 1.08 6 0.44
mm at the posterior point (Table 2). There was
no significant difference in mean width among
the three points of the calcarine fissure in any of
the volunteers (Fig 3). The width of the calcarine fissure was nearly stable, even in elderly
subjects, and there was no difference between
the younger group (, 70 years old) and the
older group ($ 70 years old) (see Table 2).
The width of the calcarine fissure in the patient group was significantly larger than that in
the control group at the anterior (P 5 .0038)
and middle (P 5 .0014) points; however, at the
posterior point, there was no statistically significant difference between the two groups (P 5 .28).

Results
The width of the calcarine fissure varied from
0.3 mm to 5.4 mm in the patients with retinal
degeneration (Table 1). The mean width was
2.16 6 1.53 mm (mean 6 SD) at the anterior
point, 2.33 6 1.40 mm at the middle point, and
0.94 6 0.58 mm at the posterior point (Table
2). The anterior and middle points of the calcarine fissure were more dilated than the middle
point (Figs 1 and 2). In a 62-year-old patient
(case 3) with pigmentary degeneration, atrophy
was not observed at any point.
In the healthy volunteers, the mean width was

Discussion
The retina consists of 10 layers. The retinal
pigment epithelium occupies the most lateral
layer of the retina, and the layer of rods and
cones occupies the area medial to this. The rods
and cones are important in the control of visual
function. The cones control visual acuity and
color vision and the rods control the light sense.
The distribution and density of these two cells
are different in the retina. The density is higher
in the central region than in the peripheral re-
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Fig 1. Case 5: 71-year-old man with high myopia. Sagittal T1-weighted image (600/20/2) shows marked dilatation of the calcarine
fissure, in particular the anterior (arrow) and middle (arrowhead) points, each indicating a point at which a measurement was taken.
(The posterior point is not shown in this section.)
Fig 2. Case 9: 80-year-old woman with pigmentary degeneration. Sagittal T1-weighted image (600/20/2) shows marked dilatation
of the calcarine fissure, in particular the anterior and middle points (arrows).
Fig 3. A 70-year-old volunteer. Sagittal T1-weighted image (600/20/2) shows no dilatation of the calcarine fissure (arrows).

gion. The central region is occupied mainly by
cones, the fovea consists of cones alone, and
the peripheral region is occupied by rods (5).
The representation of the visual field in the
occipital striate cortex was delineated by Inouye
(6) and subsequently by Holmes and Lister (7)
in studies of wounded soldiers in the RussoJapanese war and the First World War. Thereafter, Holmes devised his original “scheme,”
which gained widespread acceptance (8). In the
Holmes retinotopic map, about 25% of the surface area of the striate cortex is allocated to the
central 15° of vision. The foveal representation
is located at the occipital pole, where the striate
cortex usually extends about 1 cm onto the
lateral convexity of the occipital lobe. The extreme periphery of the visual field is represented
anteriorly, at the junction of the calcarine and
parietooccipital fissures.
Retinal degeneration and dystrophy include
many pathologic conditions. The typical precipitating disease of primary retinal degeneration is
hereditary pigmentary degeneration. It is a rare
disease, with a frequency of approximately 1 in
3700, and the heredity is 10% autosomal dominant, 84% autosomal recessive, and 6%
X-linked recessive. The characteristic symptoms are difficulty with dark adaptation and
concentric contraction of the visual field (9).
Retinal degenerative changes may be seen in a
number of other disorders. It is well known that

some hereditary metabolic and neurodegenerative diseases, such as mucolipidosis type 4 and
olivopontocerebellar atrophy, cause retinal degeneration. High myopia and aging also cause
secondary retinal degeneration. Pierro et al (10)
evaluated the peripheral retinal changes associated with axial myopia and observed pigmentary degeneration, retinal hole, and retinal detachment in their patients with high myopia.
Age-related macular degeneration and chorioretinal atrophy are generally seen after the age
of 75 years (11). In these patients, neovascularity under the retina, which consists of local
granulation tissue in the Bruch membrane, is
observed at histologic examination (12).
One of the neuroanatomic characteristics of
the visual pathway is transneuronal degeneration. It occurs in neurons when fibers afferent to
them are lost (13), and is common in the lateral
geniculate body after loss of an eye or in association with lesions of the retina, optic nerve, or
optic tract. Several histologic studies have
shown that transneuronal changes might also
occur in the visual cortex in the presence of
lesions of the lateral geniculate body or after
eye removal, especially in young animals (14).
Globus et al (15) found a statistically significant
loss of dendritic spines on the apical dendrites
of certain pyramidal cells in the visual cortex
after eye enucleation in rabbits and mice. These
earlier investigators claimed that it was difficult
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to distinguish transneuronal degeneration from
disuse, and that electromicroscopic findings
were necessary to discriminate between them.
In our study, the width of the calcarine fissure
was dilated more in patients with retinal degeneration than in healthy volunteers. In particular,
the anterior and middle points were more severely disturbed. However, one third of the patients had some measurements that were within
the range of normal (Table 2). The causes of
this variability are unknown. Since the duration
of the disease process is long (more than 10
years in almost all patients), there seems not to
be a correlation between the duration of disease
and the degree of atrophy in the calcarine area.
In addition, there was no difference in degree of
atrophy among the types of diseases. Histologic
examinations were not performed in our study,
but the transneuronal degeneration we found in
the striate cortex might have resulted from retinal degeneration. Aging did not appear to be
the cause of atrophy of the anterior and middle
points, since the width of the calcarine fissure
was nearly stable, even in the elderly patients.
However, as retinal degeneration in people
older than 75 years occurs mainly in the macular region, whose visual field projects onto the
most posterior of the calcarine area, the sagittal
MR images may not have depicted any atrophic
changes.
It is known that the rods and retinal pigmentary epithelia degenerate in patients with hereditary pigmentary degeneration (9). Considering
the distribution of the rods in the retina, it was
expected that the atrophy of the striate cortex
was more severe at the anterior points in patients with pigmentary degeneration. However,
even in other cases of retinal degeneration, the
distribution of atrophy in the calcarine area was
similar. The mechanism of this vulnerability of
the anterior half of the striate cortex has not
been clarified. The lower cell density in the peripheral retina may be related to the relatively
selective involvement of the anterior portion of
the calcarine area. When a retinal lesion occurs,
the peripheral visual field may be more disturbed.
In recent years, MR imaging has become an
important diagnostic tool for the demonstration
of fine anatomic structures and pathologic
changes in the brain. It clearly depicts the
unique distribution of calcarine involvement in
various disorders. Involvement of the bilateral
occipital striate cortex is observed in patients
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with infarction associated with arteriosclerosis
of the posterior and/or middle cerebral arteries,
bilateral tentorial herniation subsequent to severe head trauma, generalized hypoxia, or specific organic matter (16 –18). For example, in
patients with organic mercury poisoning (Minamata disease), MR images depict significant
dilatation of the ventral portion of the calcarine
sulcus and long T1 and T2 relaxation times
within the striate cortex, which might represent
status spongiosus (18). This finding is very similar to our findings, although the causes of involvement of the bilateral occipital striate cortex
in our cases were different from these conditions. Atrophy of the striate cortex in patients
with retinal degeneration is thought to be a consequence of the retinal degeneration.
Because our study was limited by the absence of histologic data, it is difficult to attribute
atrophy of the calcarine area to transneuronal
degeneration. However, when associated with
lesions of the retina, atrophy of the calcarine
area may be the result of transneuronal degeneration.
Conclusion
Our MR findings suggest calcarine atrophy is
a consequence of retinal degeneration. In particular, the atrophy was more severe at the anterior and middle points of the calcarine area,
suggesting that transneuronal degenerative
changes can occur in the calcarine area after
retinal degeneration. This pathologic change
should be distinguished from disorders involving primarily the occipital striate area.
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