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ABSTRACT
The present study was performed to evaluate the ganglion cell complex (GCC) thickness as well as
the significance map and analyse the time course of the change in GCC thickness in patients with
homonymous hemianopia due to posterior cerebral artery (PCA) territory stroke using spectral-
domain optical coherence tomography. This study included 40 control subjects and 11 patients
with unilateral PCA territory stroke. The GCC parameters were quantified using a custom-built
software programme. The GCC data, centred on the macula, was divided vertically into hemi-
anopic and unaffected sides. GCC parameters were calculated using an average of those from
both eyes. The relationship between the GCC parameters and the time after stroke was deter-
mined by regression analyses. The GCC parameters in the hemi-retinae corresponding to the
affected hemifields significantly differed between the hemianopes and the control group. The
area under the receiver operating characteristics curve of the GCC significance map areas was
significantly high. A regression analysis revealed a significant relationship between the time after
stroke and both the GCC significance map areas (r = 0.791, p = .004) and GCC thickness
(r = −0.736, p = .010) on the hemianopic side. The GCC parameters on the hemianopic side
were reduced in patients with acquired occipital homonymous hemianopia, and the reduction
was slowly progressive probably due to transsynaptic retrograde degeneration of the retinal
ganglion cells. A significance map analysis provides additional OCT parameters that could be
used to investigate the effect of retrogeniculate lesions on the inner retina of patients.
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Introduction

Although experimental studies performed in adult
monkeys have shown that the loss of retinal ganglion
cells can occur after the removal of the occipital
lobe,1–3 there has been some controversy over
whether similar changes occur in the retinal ganglion
cells after occipital lobe damage (such as the damage
that occurs with an occipital stroke) in adult humans.
Optical coherence tomography (OCT) studies of
acquired occipital lobe lesions in humans have
demonstrated circumpapillary retinal nerve fibre
layer (cpRNFL) thinning with the use of time-
domain OCT (TD-OCT),4–6 and later, spectral-
domain OCT (SD-OCT).7,8 A recently published SD-

OCT software programme has permitted the quanti-
tativemeasurement of the retinal nerve fibre layer and
the ganglion cell layer plus the inner plexiform layer
of the macula. SD-OCT studies revealed inner macula
retinal thinning in patients with acquired occipital
lesions. In these SD-OCT studies, inner retinal thin-
ning was observed in both the peripapillary and
macular areas, in accordance with the patients’ hemi-
anopic visual field defects.9–18 More recently, swept-
source OCT (SS-OCT), which permits even faster
scanning, has been used to study inner retinal thin-
ning in homonymous hemianopia.19

Recent advancements in spectral-domain opti-
cal coherence tomography (SD-OCT) has enabled
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the assessment of the RGC layer and the ganglion
cell complex (GCC), which includes the retinal
layers from the internal limiting membrane to
the inner plexiform layer.20 SD-OCT would make
it possible to detect clinically insignificant optic
atrophy. We reported the GCC thicknesses deter-
mined using RTVue-100 SD-OCT in three patients
with homonymous hemianopia following unilat-
eral posterior cerebral artery (PCA) territory
infarction.9 In these patients, GCC thinning was
observed in accordance with the hemianopic visual
field defects, despite the normal appearance of the
fundus.

All parameters related to GCC measurements
are colour-coded to indicate significant reductions
in the GCC thickness. The size of the abnormal
areas of the GCC was found to be the most perti-
nent parameter for detecting glaucoma.21

Furthermore, the macular ganglion cell and inner
plexiform layers (GCL+IPL) thickness deviation
map showed a level of diagnostic performance
that was comparable to that of the cpRNFL thick-
ness deviation map in the detection of glaucoma-
tous eyes with localised RNFL defects.22 Thus far,
little attention has been paid to the size of the
affected areas of the GCC that are determined to
be abnormal on significance maps in patients with
visual disorders other than glaucoma. The SD-
OCT devices statistically classify the thickness of
each layer as abnormal, borderline, or normal as
compared with the confidence intervals of the
built-in normative database and display colour-
coded significance maps in which the regions
with abnormal or borderline thickness are shown
in red or yellow. In the present study, for the
purposes of a quantitative analysis on the ability
to detect localised RGC defects we digitised the
significance map results so that the number of
abnormal superpixels could be counted by
a customised image processing programme.

To date, the ability of macular GCC significance
maps in RTVue-100 OCT to detect localised optic
nerve damage in patients with homonymous
hemianopia has not been demonstrated and the
relationship between the size of the abnormal
GCC areas and other OCT thickness parameters
has not been investigated. Thus, this study was
undertaken to analyse significance maps of the

macular GCC thickness in patients with homon-
ymous hemianopia due to posterior cerebral artery
territory (PCA) stroke. In addition, the relation-
ship between the time after the onset and the GCC
thickness and significance map was investigated in
both a cross-sectional and a longitudinal manner,
in order to clarify the time course of the retinal
changes. The present study also analysed the regio-
nal average GCC thickness and significance map
to investigate its association with visual field
defects in patients with homonymous hemianopia
due to acquired post-geniculate visual pathway
lesions.

Patients and methods

Subjects

All investigations adhered to the tenets of the
Declaration of Helsinki, and this study was
approved by the institutional review board and
the ethics committee of Kawasaki Medical School.
After explaining the nature and possible conse-
quences of the study, written informed consent
was obtained from all of the participating
patients. The patients each had homonymous
hemianopia due to unilateral retrogeniculate
lesions, which had been diagnosed by magnetic
resonance imaging (MRI). Normal age-matched
subjects were enrolled as controls.

The participants included in this study met the
following criteria: best-corrected visual acuity of
>20/20, with a spherical equivalent between −6.0
and +3.0 dioptres and cylinder correction within
±3.0 dioptres. The ocular motility, intraocular
pressure, anterior segments, media, and fundus
(including red-free fundus photographs) were nor-
mal in both eyes. The patients were excluded if
they met any of the following criteria: a history of
retinal disease, including diabetic or hypertensive
retinopathy; a history of eye trauma or surgery,
with the exception of uncomplicated cataract sur-
gery; optic nerve disease (including glaucoma); or
a history of systemic or neurological disease other
than cerebral stroke that may affect the visual field.
The exclusion criteria also included evidence of
more than one occipital lesion affecting the visual
pathways.
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Eleven patients with stroke in the PCA territory
and 40 normal control subjects were included in this
study. Each participant underwent a comprehensive
ophthalmological assessment, including the mea-
surement of the best-corrected visual acuity, slit-
lamp biomicroscopy, tonometry, dilated stereoscopic
examination of the optic nerve head and fundus,
colour optic disc photography and red-free RNFL
photography. The visual fields were obtained by sta-
tic automated perimetry with a Humphrey visual
field analyser (Carl Zeiss-Meditec, Inc., Dublin, CA,
USA). Patients with homonymous hemianopia
underwent assessment with a Humphrey visual
field analyser using the central 30–2 Fastpac software
programme. Normal control subjects were evaluated
with a Humphrey visual field analyser using the
central 30–2 Swedish Interactive Threshold
Algorithm (SITA) programme. The visual field tests
were considered reliable based on fixation losses of
<20% and false-positive and false-negative errors of
<15%. The visual field defects evaluated on the initial
visit included the mean deviation (MD), as deter-
mined by a Humphrey visual field analyser.

Optical coherence tomography imaging

OCT images were obtained by RTVue-100 SD-
OCT (RTVue-100, Optovue, Inc., Fremont, CA,
USA), which acquires 26,000 A-scans per second
and provides a 5 μm depth resolution in tissue.
The RTVue-100 software programme (version 4.0)
was used for data acquisition.

The GCC protocol was used to obtain macular
measurements. This protocol consisted of one hor-
izontal line scan of 7 mm in length (467 A scans)
and 15 vertical line scans of 7 mm in length (each
400 A scans) at 0.5 mm intervals; the centre of the
GCC scan was shifted 0.75 mm temporally to
improve sampling of the temporal periphery.
This scan configuration provided 14810 A scans
in 0.58 seconds. The GCC thickness was measured
from the inner limiting membrane (ILM) to the
outer boundary of the inner plexiform layer (IPL).
A built-in software programme allowed for auto-
mated segmentation not only of the total retina
(from the ILM to the outer border of the retinal
pigment epithelium) but also of the outer retina
(from the inner border of the IPL to the outer
border of the retinal pigment epithelium). The

total retinal thickness, outer retinal thickness,
GCC thickness, GCC thickness deviation map
and GCC thickness significance map were
obtained by GCC scans. The “Significance Map”
was also colour-coded: green representing values
within the normal range (p-value 5–95%), yellow
indicating borderline results (P-value <5%), and
red representing values outside the normal limits
(p-value < 1%). Images were not included when
the signal strength index was <40, when involun-
tary saccade or blinking artefacts were observed or
when a careful visual inspection revealed algo-
rithm segmentation failure. Eyes with any OCT
scans where the retinal layer was poorly visualised
were also excluded from analysis. The segmenta-
tion error was defined to be present if SD-OCT
experienced technicians (S.A. and K.G.) judged
that the segmentation used for the measurements
of the retinal thickness was impossible. The SD-
OCT results were analysed by Neuro-
ophthalmology specialists (A.M., T.Y.).

The regional analysis of the GCC thicknesses and
GCC significance maps

The regional analysis was performed on the basis of
image data and xml output from the RTVue-100
system. We obtained the fovea position information
from the xml file. The software programme calcu-
lated the average of the four divided regions using
xml files, GCC map files, and GCC significance
map files. The GCC thickness map file is a set of
GCC thickness data (from the measurement data)
that is represented by a data array of 933 × 933
pixels. GCC significance maps are displayed as jpeg
images, which are captured by the RTVue-100. We
divided GCC data into four quadrants around the
fovea (superior temporal, inferior temporal, super-
ior nasal, and inferior nasal quadrants). In this
study, the GCC thickness and significance map on
the hemianopic and unaffected sides were analysed
using an average of both eyes. The analysed GCC
data were extracted using a customised image pro-
cessing software programme (SuperOne Co., Ltd.,
Tokyo, Japan). The GCC significance map is com-
posed of red-yellow coded pixels that are derived
from the GCC thickness map by comparison with
a normative database.
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Statistical analysis

The statistical analyses were performed using the
IBM SPSS Statistics version 23.0 software pro-
gramme (SPSS Japan, Inc., Tokyo, Japan). The
data are presented as the mean ± standard devia-
tion (SD). The Mann–Whitney U test and Fisher’s
exact test were used to detect differences in the
demographic characteristics of the normal control
subjects and the patients with homonymous hemi-
anopia. Differences in the GCC thickness para-
meters between the two hemifields were analysed
using the Wilcoxon signed-rank test. The GCC
thickness parameters were compared between the
hemianopic sides of patients with cerebral artery
lesions and normal eyes using the Mann–Whitney
U test. The relationships between the GCC thick-
ness parameters on the hemianopic side and the
time after stroke and visual field defect (MD value)
were evaluated with Spearman’s rank correlation
coefficients. Additionally, Spearman’s correlation
analysis was used to determine the correlation
between the abnormal areas on the GCC signifi-
cance map on the hemianopic side and the GCC
parameters (GCC thickness, focal loss volume
[FLV], and global loss volume [GLV]). P values
of <0.05 were considered to indicate statistical
significance in all analyses.

Results

There were no significant differences in age, gen-
der, or spherical equivalent between the patients
with homonymous hemianopia and the normal
control subjects (Table 1). The clinical data of
the patients are shown in Table 2. The ocular
motility, intraocular pressure, anterior segments,
media, and fundus (including red-free fundus
photographs) were normal in both eyes. The
mean MD value in the patients with homonymous
hemianopia (as determined by a Humphrey visual

field analyser) was −12.93 ± 3.70 dB (range −19.64
to −6.74 dB). The duration between the SD-OCT
measurement and the onset of the occipital lobe
lesion ranged from one month to 24.2 years
(mean, 7.0 years).

Cross-sectional study

The GCC thickness parameters on the hemianopic
side were significantly reduced in comparison with
the normal control eyes (p < .001 for all compari-
sons) (Table 3). The average thickness of the GCC
was 83.01 ± 8.05 μm and 88.88 ± 8.43 μm on the
hemianopic and unaffected sides, respectively, and
was significantly thinner on the hemianopic side
(p = .013) (Table 3). Additionally, the abnormal
areas on the GCC thickness significance map (red,
<1% level and yellow, <5% level) on the hemianopic
side was 5.53 ± 3.55 mm2 in the brain lesion group,
which was increased in comparison with the GCC
thickness of the unaffected side (2.99 ± 3.25 mm2;

Table 1. Characteristics of the study population.
Brain lesion group (n = 11) Normal control group (n = 40) P value

Age (years) 65.4 ± 11.4 62.3 ± 12.0 0.1802
Gender (M: F) 5 : 6 19 : 21 0.9042
Spherical equivalent (D) −1.3 ± 2.3 −0.5 ± 1.7 0.6713

Values indicate the mean ± standard deviation.
Abbreviations: M, male; F, female; D, dioptre.

Table 2. Patient demographics.

Case Age Gender Cause
Visual
field

Months
after stroke

1 67 Male Posterior cerebral artery
territory infarction

LHH 26

2 70 Female Occipital haemorrhage LHH 43
3 39 Female Posterior cerebral artery

territory infarction
RHH 41

4 71 Female Posterior cerebral artery
territory infarction

LHH 290

5 53 Male Posterior cerebral artery
territory infarction

LHH 68

6 74 Male Posterior cerebral artery
territory infarction

LHH 74

7 70 Female Posterior cerebral artery
territory infarction

LHH 62

8 76 Male Posterior cerebral artery
territory infarction

RIQ 99

9 58 Male Posterior cerebral artery
territory infarction

RHH 3

10 64 Female Posterior cerebral artery
territory infarction

RHH 229

11 77 Male Occipital haemorrhage RSQ 1

Abbreviations: HH, homonymous hemianopia; IQ, inferior quadranta-
nopia; SQ, superior quadrantanopia; L, left; R, right.
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p = .010) or that of the normal control eyes
(0.08 ± 0.03 mm2; p < .001) (Table 3). Table 3
shows the AUCs of the parameters for distinguishing
the hemianopic side in patients with cerebral artery
stroke from normal eyes. All AUCs for the GCC
thickness on the hemianopic side were 1.00.

The abnormal areas on the hemianopic side in
the GCC significance map were significantly cor-
related with the GCC thickness, FLV, and GLV
(r = −0.982, p = .001, r = 0.646, p = .032 and
r = 0.782, p = .004, respectively). FLV is the total
sum of statistically significant GCC volume loss
divided by the GCC map area, in percentage.
GLV is the sum of negative fractional deviation
in the entire measurement area, in percentage.

A regression analysis revealed a linear relation-
ship between the time after stroke and the GCC
thickness parameters on the hemianopic side
(Table 4 and Figures 1–3). Among the GCC thick-
ness parameters on the hemianopic side, the GCC
thickness significance map areas in red (p < 1%
level) showed the strongest correlation with the
time after stroke (Table 4). Additionally, the
GCC thickness parameters on the hemianopic
side were significantly correlated with the visual

Table 3. The ganglion cell complex thickness and significance map parameters, as determined by optical coherence tomography.
Brain lesion group (n = 11)

Hemianopic side Unaffected side Normal control group (n = 40) P value* P value† AUC

GCC thickness (μm) 83.01 ± 8.05 88.88 ± 8.43 104.09 ± 4.42 0.013 0.001 1.00
GCC thickness significance map area (mm2)
Red + yellow (p < 1% and p < 5% level) 5.53 ± 3.55 2.99 ± 3.25 0.08 ± 0.03 0.010 0.001 1.00
Red (p < 1% level) 3.02 ± 2.72 1.22 ± 2.36 0.04 ± 0.01 0.026 0.001 1.00
Yellow (p < 5% level) 2.51 ± 1.14 1.77 ± 1.54 0.04 ± 0.02 0.016 0.001 1.00
Green (p > 5% level) 7.42 ± 3.60 9.98 ± 3.23 12.84 ± 0.04 0.008 0.001 1.00

*Comparison between hemianopic sides and unaffected sides of macular thickness parameters by Wilcoxon signed-rank test.
†Comparison of macular thickness parameters between hemianopic sides of patients with cerebral artery lesion and normal eyes by Mann–Whitney
U test.

Abbreviations: AUC, area under receiver operating characteristic curve

Table 4. Relationship between the mean of GCC thickness
parameters on the hemianopic side, the GCC thickness signifi-
cance map areas of both eyes and time following the stroke
onset (months) in patients with homonymous hemianopia.

r P value

GCC thickness −0.736 0.010
GCC thickness significance map area
Red + yellow (p < 1% and p < 5% level) 0.736 0.010
Red (p < 1% level) 0.791 0.004
Yellow (p < 5% level) 0.491 0.125
Green (p > 5% level) −0.691 0.019

Figure 1. A regression analysis revealed a negative linear rela-
tionship (linear regression, r = −0.736, p = .010) between the
time after stroke and the GCC thicknesses on the hemianopic
side.

Figure 2. The area of abnormal GCC thickness on the hemi-
anopic side was significantly correlated with the time after
stroke (linear regression, r = 0.736, p = .010).

240 T. YAMASHITA ET AL.



field defect in patients with homonymous hemi-
anopia (Table 5 and Figure 4).

Longitudinal study

A total of 28 measurements from three patients
(Cases 1–3) were analysed by a univariate linear
regression analysis for each patient, with the mean
GCC thickness parameters of both eyes as the
outcome variable and elapsed time (days after
stroke) as the explanatory variable (Figures 5–6).
The values of all hemianopia patients tended to
decrease during the period of measurement. In the
three cases with significant regression coefficients,
the initial measurements were made within six
months of the onset of stroke. The rate of reduc-
tion in the GCC thickness ranged from 2.1–5.6 μm
for each year of elapsed time (Figure 5a).

A clinical example is shown in Figure 6. This 39-
year-old woman suddenly noticed a right-sided
visual field defect. Her best corrected visual acuity

was 1.5 OU. The fundus (including red-free fundus
photographs) (Figure 6a) appeared to be normal in
both eyes. A Humphrey visual field analyser showed
right homonymous hemianopia, which was more
dense superiorly (Figure 6b,c). MRI revealed an
infarct in the left posterior cerebral artery territory
of the brain (Figure 6d). At three months after the
onset, the GCC thickness and the cpRNFL thickness
OU were within the normal range in both eyes
(Figure 6e,f). After 28 months, the areas with GCC
thinning in both eyes were found to be in accordance
with the hemianopic visual field defect (the nasal
retina of the right eye and the temporal retina of
the left eye) (Figure 6e). In the significance map of
the cpRNFL thickness, there were areas with signifi-
cant thinning in the inferior temporal portions of the
right eye and the inferior temporal portions of the
left eye (Figure 6f).

Discussion

OCT studies of acquired occipital lobe lesions in
humans have demonstrated circumpapillary ret-
inal nerve fibre layer (cpRNFL) thinning with the
use of TD-OCT,4–6 and SD-OCT.7–9,17 In the SD-
OCT studies, inner retinal thinning was observed
in both the peripapillary and macular areas, in
accordance with the patients’ hemianopic visual

Figure 3. The area of normal GCC thickness on the hemianopic
side was significantly correlated with the time after stroke
(linear regression, r = −0.691, p = .019).

Table 5. Relationship between the mean GCC thickness para-
meters on the hemianopic side, the GCC thickness areas on
significance maps of both eyes, and visual field defects in
patients with homonymous hemianopia.

r P value

GCC thickness 0.512 0.015
GCC thickness significance map area
Red + yellow (p < 1% and p < 5% level) −0.600 0.003
Red (p < 1% level) −0.508 0.016
Yellow (p < 5% level) −0.405 0.062

Figure 4. A scatter plot of the area of abnormal GCC thickness
on the hemianopic side against the MD in patients with
homonymous hemianopia. A regression analysis revealed
a negative linear relationship (r = −0.600, p = .003) between
the MD and the area of abnormal GCC thickness on the hemi-
anopic side.
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field defects.9–16,18,23 GCC thinning has been
demonstrated in the hemiretinae corresponding
to the affected hemifields. Furthermore, macular
measurements showed localised defects of RGCs
more clearly than peripapillary measurements.9,11

In the present study, a reduction of the GCC
thickness corresponding to the hemianopic visual
field loss due to acquired post-geniculate visual
pathway lesions was also detected using SD-OCT.
Previous studies examined a large number of
patients with cerebral infarction in various

locations,7,15 but it was unclear whether each of
the patients had homonymous visual field defects.
In the present study, we only included patients
with homonymous hemianopia due to occipital
lobe lesions and excluded those with hemianopia
due to optic tract lesions or in whom the cause of
the visual field defects was unclear.

Additionally, we investigated the time-course of the
change in GCC thickness using SD-OCT in patients
with homonymous hemianopia due to post-geniculate
lesions, in both cross-sectional and longitudinal man-
ners. It has been reported that, within the first few
years after cerebral infarction, cpRNFL thinning
developed and subsequently became stable, showing
a logarithmic relationship similar to that reported in
occipital lobe lesions in monkeys.3 Jindahra et al.
reported that the rate of decline of the cpRNFL thin-
ning after acquired occipital lobe damage was 9.08 μm
per log year.5 Park et al. reported that the rate of
cpRNFL thinning in patients with various cerebral
infarctions was 3.276 μm per log year.7 Furthermore,
our previous study suggested that the reduction in the
GCL+IPL thickness is slowly progressive over a period
of several years after the onset of PCA stroke.18 This
study confirms the finding that the time after the onset
of stroke is significantly associated with the degree of
transsynaptic retrograde degeneration. The GCC
thickness parameters on the hemianopic side in
patients with homonymous hemianopia were signifi-
cantly correlated with the time after stroke.

In our results, the GCC thinning was not entirely
limited to the affected side of the retina. The GCC
thinning could be seen in the hemiretina correspond-
ing to the unaffected hemifield as well. Itmay be partly
explained by the fact that the nerve fibres of
a particular retinal area do not necessarily originate
from RGCs or photoreceptors in that area.
Alternatively, there might have been effects of the
brain damage on the other hemisphere.

To our knowledge, no studies have evaluated the
diagnostic ability of GCC significance maps in iden-
tifying localised RGC damage in patients with
homonymous hemianopia. Shin et al. investigated
the 5% and 1% thinning area indices of the ganglion
cell inner-plexiform layer and cpRNFL – as mea-
sured by Cirrus OCT – in patients with visual field
defects that respected the vertical meridian and com-
pared the measurements in the macula and around
the optic disc.11 They reported that macular GCIPL

Figure 5. The time course of the GCC thickness and the area of
abnormal GCC thickness on the hemianopic side in patients
with homonymous hemianopia (Cases 1–3).
(a) The GCC thickness. The range of the rate of reduction of the GCC
thicknesswas 2.1–5.6micrometers for every year of elapsed time. (b)
The area of abnormal GCC thickness on the hemianopic side. The
area of abnormal GCC thickness on the hemianopic side was sig-
nificantly increased at 20 months in comparison to the initial visit.
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analysis clearly visualised a characteristic topo-
graphic pattern of RGC loss in these patients. The
GCC thickness parameters on the hemianopic side
were significantly correlated with the visual field
defect. In our study, the GCC thickness and signifi-
cance map were divided into the hemianopic and
unaffected sides and then analysed in patients with
homonymous hemianopia. In our longitudinal
study, the GCC significance map after the onset of
stroke showed thinning of the hemifield correspond-
ing to visual field loss. This study investigated the
diagnostic ability of the GCC significance map in

RTVue SD-OCT. To analyse the diagnostic ability
quantitatively, we digitised the significance map
results so that the number of abnormal superpixels
could be counted using a customised image proces-
sing software programme. The AUC of the GCC
significance map areas and the averaged GCC thick-
ness on the hemianopic side were found to be sig-
nificantly high. Additionally, the GCC significance
map areas were significantly correlated with the time
after stroke and the mean deviation of the
Humphrey visual field. Thus, GCC significance
maps provide additional important OCT parameters

Figure 6. Patient 3. This 39-year-old woman had an infarct in the left posterior cerebral artery territory.
(a) Fundus photographs of both eyes at the time of the OCT scan. (b) Visual fields obtained by 30–2 static automated perimetry
(using Humphrey visual field analyser) showing a left homonymous hemianopia denser superiorly. RE, right eye; LE, left eye. (c) The
10–2 Humphrey visual field test. (d) (Left) A diffusion-weighted image (DWI) showed a hyper-intense lesion in the left occipital lobe
on admission. (Right) A fluid-attenuated inversion recovery (FLAIR) image captured 3 months after the onset of stroke revealed
a lesion of hyperintensity, which represented the chronic phase of the ischaemic stroke. (e) Top to bottom: GCC thickness, GCC
thickness deviation map, and GCC thickness significance map. The SD-OCT examinations were performed using an RTVue-100 device
from three months to three years and four months after the onset of stroke. A significant reduction was observed on the GCC map at
two years and four months (arrow). GCC thinning was observed in the nasal retina of the RE and temporal retina of the LE. In the
deviation map, blue and black regions were mainly seen in the nasal retina of the RE and temporal retina of the LE. Similarly, an
abnormal area was present in the significance map, which corresponded to the hemianopic visual field defects, particularly in the
central retina. The GCC significance map at three years after the onset of stroke showed thinning of the inferior hemifield along the
vertical meridian corresponding to superior altitudinal field loss. The thinning area gradually spread over time. RE, right eye; LE, left
eye. (f) RTVue-100 images of the retinal nerve fibre layer around the optic disc. Abbreviations in the cpRNFL thickness map: IN,
indicates inferior-nasal; IT, inferior-temporal; NL, nasal-lower; NU, nasal-upper; SN, superior-nasal; ST, superior-temporal; TL,
temporal-lower; TU, temporal-upper. Changes in the cpRNFL thickness were not clear. The cpRNFL thickness was significantly
thinner in the temporal regions (IT) of the left eye in comparison to normal database values (arrow). RE, right eye; LE, left eye.
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when evaluating RGC damage in patients with
homonymous hemianopia.

We analysed the relationship between the macular
inner retinal layer thickness and visual field defects in
order to elucidate the effects on RGCs in cases of post-
geniculate visual pathway lesions. Jindahra et al.
reported that the cpRNFL thickness was well-
correlatedwith theMD in patients with homonymous
hemianopic or quadrantanopic field loss.6 We have
previously reported that the reduction of the quad-
rantic cpRNFL thickness was significantly correlated
with some of the visual field parameters, in accordance
with the structure-function relationship. In the con-
tralateral eyes, the temporal and inferior quadrant
cpRNFL thickness were correlated with the MD and
hemianopic field total deviation at 24 months. In the
ipsilateral eyes, the superior, temporal, and inferior
quadrant cpRNFL thickness was correlated with the
MD.17 It would be more difficult to determine the
correlation between the visual field and the peripapil-
lary thickness than the correlation between the visual
field and macular thickness because the anatomical
distribution around the optic disc is more complex
than that in the macula. Our regression analysis
revealed a negative linear or second-order polynomial
relationship between the visual field defect and the
GCC thickness parameters on the hemianopic side
in patients with homonymous hemianopia.

Several limitations associated with the present
study need to be considered. In this study, the sample
size was relatively small. A future study of larger
sample size should be conducted. Due to the retro-
spective study design, the follow-up periods of the
patients are biased and two patients had a very long
follow-up period. Further study including patients
with various follow-up periods is necessary to support
the results of our study.

In summary, a sector analysis of the GCC thick-
ness, including a significance map analysis, by SD-
OCT revealed inner retinal thinning corresponding
to the visual field defects in patients with posterior
cerebral artery territory stroke. Both the cross-
sectional and longitudinal analyses showed that the
inner retinal change was correlated with the time that
elapsed after stroke. Moreover, the abnormal area on
the hemianopic side in the GCC significance map
was significantly correlated with the hemianopic
visual field defect. Retrograde degeneration of the
RGCs became easily apparent on SD-OCT after

approximately two years and likely begins within
a few months following injury to the visual cortex.
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