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Long Term Transneuronal Retrograde
Degeneration of the Retinal Ganglion
Cells in Patients with Cerebral Infarction

Serebral Infarkt Hastalarinda Uzun Dénemde
Retinal Ganglion Hiicrelerinin Transnéronal
Retrograde Dejenerasyonu

ABSTRACT Objective: The purpose of this study was to investigate the probable transneuronal ret-
rograde degeneration (TRD) of the retinal ganglion cells (RGCs) in humans with cerebral infarction.
In addition, the correlation between the laterality and severity of the retinal nerve fiber layer
(RNFL) damage and other variables (laterality of hemispheric damage and arterial territory of the
infarct) were analyzed. Material and Methods: Thirty consecutive patients were included. All of the
subjects underwent complete ophthalmic examinations, including optical coherence tomography
(OCT) and perimetry after diagnosis, and in the 6" and 12" months. The main outcome measures
were the changes in the thicknesses of the RNFL, RGCs, and visual field (VF). The average thick-
ness of the total macular RGCs and MD and PSD values analyzed in the perimetry (using the SITA
Standard 24-2 Threshold Test) were taken into account. Results: The RNFL thicknesses were re-
duced significantly in all four quadrants in the contralateral eyes, and in the superior, inferior, and
temporal quadrants in the ipsilateral eyes at 12 months. However, the reduction of the RGCs’ av-
erage total thickness was not statistically significant for either the ipsilateral or contralateral
groups (p>0.05). The loss of the VF considering the mean MD measurements was statistically sig-
nificant in the contralateral group (p=0.001) unlike in the ipsilateral group. Conclusions: The
RNFL thickness was reduced in both eyes at 12 months, providing evidence for TRD. The TRD
was more pronounced in the nasal quadrant of the contralateral and temporal quadrant of the
ipsilateral eye.

Key Words: Brain infarction; retrograde degeneration; optic nerve; retinal ganglion cells;
visual field tests

OZET Amag: Galismanin amaci serebral infarkt hastalarinda retinal ganglion hiicrelerinin (RGH)
olas: transnoronal retrograde dejenerasyonunu (TRD) arastirmaktir. Retinal sinir lifi (RNFL) ha-
sarinin ciddiyeti ve tarafi ile diger degiskenlerin arasindaki iligkinin yani sira hemisferik hasarin ta-
rafi ve infarkta sebep olan arter bolgesi de analiz edildi. Gereg ve Yéntemler: Otuz ardigik hasta
caligmaya dahil edildi. Téim hastalar tan1 aldiktan sonra optik koherens tomografi (OKT) ve peri-
metriyi de iceren tam bir oftalmik muayeneden gegirildi ve tetkikler 6. ve 12. aylarda tekrarlandi.
Caligmanin ana amaci RSLT ve RGH tabakalarindaki kalinlik degisimleri ile gorme alanindaki de-
gisimleri degerlendirmekti. Ortalama total makiiler RGH kalinlig1 ve perimetri (SITA- Standart 24-
2 esik test) MD, PSD degerleri dikkate alindi. Bulgular: On ikinci ayda RSLT; kontralateral gozde
dort kadranda; ipsilateral gozde ise superior, inferior ve temporal kadranlarda anlamli derecede
incelmis idi. Ortalama total makiiler RGH tabakasindaki incelme ipsilateral ve kontralateral goz
igin istatistiksel olarak anlamli degildi (p>0,05). Ipsilateral grubun aksine kontralateral gruptaki
gorme alanmi kayb1 MD degerleri goz 6niine alindiginda istatistiksel olarak anlamli idi (p=0,001).
Sonug: Transnoronal retrograde dejenerasyonu destekler sekilde 12. ayda her iki gézde de RSLT
incelmisti. Transnoronal retrograde dejenerasyon kontralateral goziin nazal; ipsilateral goziin ise
temporal alaninda daha belirgin idi.

Anahtar Kelimeler: Beyin infarktiisii; retrograd dejenerasyon; optik sinir;
retinal gangliyon hiicreleri; gérme alani testi
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ransneuronal degeneration is the damage of
Tneurons resulting from the disruption of

input from or output to other neurons.! It is
an active excitotoxic process which occurs when a
neuron is overstimulated by a neurotransmitter
(most commonly glutamate), causing the dysfunc-
tion of that neuron which drives neighboring neu-
rons into metabolic deficit, resulting in a rapid,
widespread loss of neurons.? This can be either an-
terograde or retrograde, indicating the direction of
the degeneration relative to the original site of dam-
age. In the eye, an anterograde projection is from the
retina to the primary visual cortex, and a retrograde
projection is from the primary visual cortex to the
retina. The atrophy seen in the cells of the mam-
malian lateral geniculate nucleus following the
interruption of the optic nerve is a type of
transneuronal anterograde degeneration (TAD);
while the degeneration of retinal ganglion cells
(RGQ) after lesions of the visual cortex is a transneu-
ronal retrograde degeneration (TRD).>¢ Several stud-
ies in primate models of glaucoma and in glaucoma
patients have demonstrated decreased neuronal den-
sity, and decreased biological activity in the visual
pathway, primary visual cortex, or both.” On the
other hand, despite completely different pathologi-
cal mechanisms, the eventual loss of the RGC and
the retinal nerve fiber layer (RNFL) may make it dif-
ficult to differentiate TRD from glaucoma.?

Both geniculate and retinal degeneration have
been reported in primates after the removal of the
striate cortex.” In human eyes, histological evi-
dence of the TRD of the RGC has only been re-
ported in patients with congenital malformations,
or after a surgical lobectomy to remove a brain
tumor.'”'? However, a recent study using optical
coherence tomography (OCT) demonstrated the
TRD of the RNFL in patients with an acquired
cerebral infarction."

I OBJECTIVE

1) Demonstrate the TRD of the RGC after a
cerebral infarct using OCT and a visual field analyzer.

2) Investigate the relationship between the
severity of the RNFL loss and arterial territory of

the infarction, and between the severity of the
RNFL loss and the laterality of the hemispheric
damage.

3) Investigate the relationship between the
severity of the visual field loss and the arterial ter-
ritory of the infarction, and between the severity of
the visual field loss and the laterality of the hemi-
spheric damage.

I MATERIAL AND METHODS

Thirty patients diagnosed with cerebral ischemic
infarcts at the Neurology Clinic of the S$isli
Hamidiye Etfal Training and Research Hospital,
between August of 2013 and November of 2013,
were included in this study. The patient records
were reviewed prospectively, and the diagnosis of
cerebral ischemic infarct was confirmed by the
Neurology Clinic using magnetic resonance imag-
ing (MRI) and computerized tomography (CT) an-
giography.

Both eyes of each patient were included in this
study, and all of the patients were informed about
their participation in the study, with written in-
formed consent obtained. The study was approved
by the Ethics Committee of the Sisli Hamidiye Etfal
Training and Research Hospital, and was con-
ducted according to the guidelines of the Declara-
tion of Helsinki.

All of the patients were examined thoroughly,
including the best corrected visual acuity, slit lamp
biomicroscopy, Goldmann applanation tonometry
measurements, dilated inspection of the optic nerve
head and fundus, retinal nerve fiber and ganglion
cell layer thickness measurements (RTVue Fourier-
Domain Optical Coherence Tomography; Optovue,
CA),
(Humphrey Visual Field Analyzer; Carl Zeiss
Meditec, Inc., Dublin, CA). The MD and PSD val-
ues were analyzed in the perimetry, using the SITA
Standard 24-2 Threshold Test after the diagnosis of
a cerebral infarction, and at the 6™ month and 12

Fremont, and automatized perimetry

month.

INCLUSION CRITERIA

1) Improved best visual acuity of 20/40 or
above.

Turkiye Klinikleri ] Ophthalmol 2016;25(3)

165



Ali Atakhan YILDIZ et al.

LONG TERM TRANSNEURONAL RETROGRADE DEGENERATION OF THE RETINAL GANGLION...

2) Spherical refractive impairment between -
6.00 and +3.00 diopters (D) and cylindrical refrac-
tive impairment between -2.50D and +2.50D.

3) Normal anterior chamber depth upon slit
lamp examination.

4) Reliable perimetry results (false posi-
tive/negative correlation below 15% and loss of fix-
ation below 20%).

EXCLUSION CRITERIA

1) Presence of a diabetic retinal disease, in-
cluding hypertensive retinopathy of grades 3 or 4.

2) History of an ophthalmological surgery
other than cataract surgery without any complica-
tions, or a history of trauma to the eye.

3) History of glaucoma, optic neuropathy, or
similar diseases that can affect the optic nerve.

4) History of a systemic or neurological disease
that can affect the visual field, other than the cere-
bral infarct.

For each patient, the intraocular pressure
measurement using Goldmann applanation tonom-
etry was repeated for a minimum of 3 times. Those
patients with one or more of these symptoms were
also excluded from the study: abnormal glaucoma-
tous optic disc appearance, visual field deficiency
(possibly associated with glaucoma), and a cor-
rected intraocular pressure of 21 mmHg or above
in a random measurement. Focal or common thin-
ning, an indentation of the neuroretinal rim, disc
hemorrhage, or a vertical cup/disc proportion of
20% or higher, compared to the opposite eye, were
accepted as an abnormal glaucomatous disc ap-
pearance.

A cerebral infarct is classified due to the local-
ization of an arterial obstruction determined using
magnetic resonance imaging (MRI) and computer-
ize tomography (CT) angiography. The region of
the anterior cerebral artery (ACA) contains the me-
dial surface of the hemisphere to the superior and
inferior sulcus, the anterior part of the frontal lobe,
and the optic radiation. The region of the medial
cerebral artery (MCA) contains the exterior surface
of the hemisphere to the superior and inferior

frontal sulcus and the lateral orbital gyrus. Ulti-
mately, the region of the posterior cerebral artery
contains the dorsal surface of the mid-brain and the

inferomedial surface of the temporal and occipital
lobes.™

The eye on the same side of the cerebral in-
farct, and expected to have nasal hemianopsia or
quadranopsia corresponding to the non-decussat-
ing fibers, was defined as the ipsilateral eye. The
eye on the opposite side of cerebral infarct, and ex-
pected to have temporal hemianopsia and quadra-
nopsia due to the decussating fibers in the optic
chiasm, was defined as the contralateral eye.

OPTICAL COHERENCE TOMOGRAPHY MEASUREMENTS

The retinal nerve fiber layer and ganglion cell com-
plex were evaluated using optical coherence to-
mography (RTVue Fourier-Domain Optical
Coherence Tomography; Optovue, Fremont, CA).
The reliability of all of the imaging procedures
(SSI) was greater than 50%, and all of the imaging
procedures were done by the same physician.
Moreover, the retinal nerve fiber layer measure-
ments were evaluated as the common superior,
inferior RNFL thickness, and 4-quadrant (nasal,
temporal, superior, and inferior) RNFL thickness.
The ganglion cell complex is composed of the
three innermost retinal layers (nerve fiber layer,
ganglion cell layer, and inner plexiform layer)
containing the axons, cell bodies, and dendrites
of the RGC. The macular GCC scan protocol
using the SD-OCT iVue consists of 15,000 scan
points in a 7 mm square area within 0.6 s, by
using one horizontal line and 15 vertical lines at
0.5 mm intervals. The scans were centered 0.75
mm temporal to the fovea to improve the coverage
of the temporal macula, and were processed auto-
matically to provide a map of the GCC. In our
study, the average of the total GCC (GCC av. total)
was considered.

VISUAL FIELD ANALYSIS

All of the patients were subjected to a functional
evaluation of the optic nerve by VF analysis using
the SITA-Standard 24-2 on the Humphrey Field
Analyzer II (Carl Zeiss Meditec, Inc.). Regarding
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the VF analysis, the global indices Mean Deviation
(MD) and Pattern Standard Deviation (PSD) were
taken into account.

STATISTICAL ANALYSIS

The statistical analysis of this study was done using
the Number Cruncher Statistical System (NCSS)
2007 Statistical Software (Utah, USA) packaged
program. While evaluating the data, along with the
definitive statistical methods (mean, standard de-
viation) in the repetitive measurements of the nor-
mally distributed variable groups, the repeated
measures of variance analysis was used. In the sub-
group comparison, the Newman Keuls multiple
comparison test was used. The one-way analysis of
variance was used in the intergroup comparison. In
the comparison of the pairwise groups, the inde-
pendent samples t-test was used. The Friedman test
was used in the abnormally distributed groups. In
the subgroup comparison, Dunn’s multiple com-
parison test was used. The Kruskal Wallis test was
used in the intergroup comparison, and finally, the
Mann-Whitney U test was used in the comparison
of the pairwise groups. The level of the statistical
significance of the results was assumed to be
p<0.05.

I RESULTS

Thirty patients diagnosed with cerebral infarcts
were included in this study. Eighteen of the pa-
tients (60%) were male, 12 (40%) were female, and
the mean age of the patients was 52.83+10.82 years
old (between 28 and 64). The mean of the best cor-
rected visual acuity (BCVA) according to the
Snellen chart was 0.96+0.09 (between 0.7-1.0), and
the mean intraocular pressure (IOP) measured
using Goldmann applanation tonometry was
12.97+1.81 (Table 1). Thirteen of the patients

TABLE 1: Demographic characteristics of the patients.

N Mean+SD Minimum  Maximum
Age (year) 30 52,83+10,82 28 64
Visual acuity 30 0,96+0,09 0,7 1
IOP 30 12,97+1,81 10 16

IDP: Intraocular pressure; SD: Standard deviation.

(43.3%) had an obstruction in the medial cerebral
artery region, 9 of the patients (30%) had an ob-
struction in the anterior cerebral artery region, and
8 of the patients (26.7%) had an obstruction in the
posterior cerebral artery region.

The RNFL, RGC, and VF measurements in the
first week after the diagnosis of the cerebral infarct,
and at the 6™ month and 12" month were com-
pared. A statistically significant change was ob-
served in the initial, 6%, and 12® month mean
RNFL superior quadrant measurements of both the
ipsilateral (p=0.010) and contralateral (p=0.002)
groups (Table 2). In addition, a statistically signifi-
cant change was observed in the initial, 6%, and 12
month mean RNFL inferior quadrant measure-
ments of both the ipsilateral (p=0.0001) and con-
tralateral (p=0.037) groups. Moreover, a statistically
significant change was observed in the initial, 6™,
and 12" month mean RNFL temporal quadrant
measurements of both the ipsilateral (p=0.0001)
and contralateral (p=0.029) groups.

A statistically significant change was not ob-
served between the initial, 6, and 12 month
RNFL nasal quadrant means of the ipsilateral group
(p=0.189); however, a statistically significant
change was observed in the initial, 6, and 12
month RNFL nasal quadrant means of the con-
tralateral group (p=0.012). The initial RNFL nasal
quadrant means were statistically significantly in-
creased when compared to the 12" month means
(p=0.017), and the 6" month RNFL nasal quadrant
means were statistically significantly increased
when compared to the 12" month means (p=0.026),
but a statistically significant change was not ob-
served between the initial and 6™ month RNFL
nasal quadrant means (p=0.215).

In the comparison of the ACA, MCA, and PCA
groups, no statistically significant change was ob-
served in the ipsilateral or contralateral groups be-
tween the initial, 6™, and 12" month RNFL

thickness means in any quadrant (p>0.05) (Tables 3
and 4).

A statistically significant change was not ob-
served between the initial, 6, and 12 month av-
erage total RGC thicknesses of the ipsilateral or
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TABLE 2: RNFL thickness of superior, inferior, temporal and nasal quadrant means of the ipsilateral and contrateral group.
Ipsilateral Contralateral p*
Initial 131,97+14,09 135,83+13,2 0,277
RNFL superior quadrant 6 "month 127,13+12,29 132,37+15,14 0,147
12 " month 127,67+15,67 132,37+£15,14 0,629
p+ 0,010 0,002
Initial 143,27+14,47 142,93+17,13 0,935
RNFL inferior quadrant 6 "month 140,53+13,13 140,73+16,84 0,959
12 " month 136,43+15,21 137,97+21,18 0,749
p+ 0,0001 0,037
Initial 86,53+12,64 82,33+£14,37 0,234
RNFL temporal quadrant 6 "month 84,27+11,56 81,53+15,37 0,439
12 " month 79,33£12,95 78,57+16,83 0,844
p+ 0,0007 0,029
Initial 80,73+16,55 83,6+18,95 0,535
RNFL temporal quadrant 6 "month 79,8+16,93 81,37+18,21 0,731
12 "month 77,27£15,09 777,93+18,98 0,0881
p+ 0,189 0,012

*independent samples t-test + Matched pairs one-way analysis of variance.

TABLE 3: Assessment of general mean superior and inferior RNFL thicknesses of the ipsilateral eye according to the
months and arterial territory; anterior cerebral artery (ACA), middle cerebral artery (MCA), posterior cerebral artery (PCA).
ipsilateral
ACAn:9 MCA n:13 PCAn:8 p*

Initial 103,5635,15 98,69+31,05 101,38+36,15 0,945

General mean superior RNFL thickness Month 6 110,44£10,5 103,15=10,01 109,13+4,67 0,152

Month 12 110,33+10,99 99,54+10,52 109,13+8,94 0,239

Initial 109,33+10,95 110,92+9,14 115,13£8,87 0,454

General mean inferior RNFL thickness Month 6 109,22+8,7 105,69+7,8 112,13+9,34 0,247

Month 12 107,78+11,24 102,699,46 108,5+9,58 0,352

One=way analysis of variance.

TABLE 4: Assessment of general mean superior and inferior RNFL thicknesses of the contralateral eye according to the
months and arterial territory; anterior cerebral artery (ACA), middle cerebral artery (MCA), posterior cerebral artery (PCA).
Contralateral
ACA n:9 MCA n:13 PCAn:8 p*

Initial 111,22£9,04 109,69:9,8 113,63£10,18 0,664

General mean superior RNFL thickness Month 6 109+9,54 107+8,13 111,13+16,68 0,720

Month 12 106,44:9,14 103,46+9,95 107+18,75 0,783

Initial 112,22+14,77 110,54+10,61 114,75:12,01 0,751

General mean inferior RNFL thickness Month 6 108,89+8,22 108,23+11,97 111,88+16,33 0,799

Month 12 104,78+11,64 104,92+13,28 110,13+19,57 0,692

One=way analysis of variance.
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TABLE 5: Initial month 6 and month 12 mean
RGC (retinal ganglion cell) thicknesses of
ipsilateral and contralateral eyes.

RGC ipsilateral Contralateral p*
Initial 97,9128,16 99,18+9,39 0,577
Month 6 97,77+7,99 98,79+9,07 0,643
Month 12 97,13+7,56 98,72+8,94 0,460
p* 0,534 0,716

*Independent t-test + Matched pairs one-way analysis of variance.

contralateral groups (Table 5). When the ipsilat-
eral and contralateral groups were compared with
each other in the means of the initial, 6, and 12®
month RGC values, a statistically significant
change was not observed (p>0.05). Moreover, a
statistically significant change was not observed
between the initial, 6", and 12" month average
total RGC thicknesses of either the ipsilateral or
contralateral ACA, MCA,
(p>0.05).

or PCA groups

A statistically significant change was not ob-
served between the initial, 6*, and 12 month VF
MD means of the ipsilateral group (p=0.107) (Fig-
ure 1); however, a statistically significant change
was observed between the initial, 6*, and 12"

month VF MD means of the contralateral group
(p=0.001). The initial VF MD means were signif-
icantly lower when compared to the 6™ and 12
month means (p=0.004 and p=0.022, respectively),
whereas a statistically significant change was not
observed between the 6® and 12" month VF MD
means (p=0.230) (Table 6).

A statistically significant change was not ob-
served between the initial, 6™, and 12" month VF
PSD means of the ipsilateral group (p=0.079), but a
significant change was observed between the ini-
tial, 6™, and 12 month VF PSD means of the con-

TABLE 6: Initial, month 6 and 12 mean deviation
(MD) and pattern standard deviation (PSD) measure-
ments in visual field analysis (VF) of both ipsilateral
and contralateral eyes.

ipsilateral Contralateral p*

Initial -3,76+3,81 -4,69+5,11 0,767

Month 6 -3,334,24 -3,79+5,82 0,773
VFMD  Month 12 -3,33:5,52 -3,63+6,34 0,836

p* 0,107 0,001

Initial 4,21+2,83 4,44+3,65 0,728

Month 6 3,71%2,59 3,93+3,09 0,853
VFPSD  Month 12 4,03+35 3,80+3,09 0813

p* 0,079 0,002

*Mann Whitney U test +Friedman test.

&l iosilateral [ Contralateral |

NEDE | MEIE

|

FIGURE 1: Initial, month 6 and month12 mean MD (Mean Deviation) and PSD (Pattern Standard Deviation) measure of both ipsilaterial and contralateral eyes.

(See color figure at http:/www.turkiyeklinikleri.com/journal/oftalmoloji-ozel-dergisi/1308-111X/)
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tralateral group (p=0.002). Additionally, the initial
VF PSD means were significantly higher when
compared to the 12 month means (p=0.037),
whereas a significant change was not observed be-
tween the other time intervals (p>0.05). Overall, a
statistically significant change was not observed be-
tween the initial, 6%, and 12™ month visual field
MD and PSD means of the ipsilateral or contralat-
eral ACA, MCA, or PCA groups (p>0.05).

Twenty patients (66.6%) had visual field de-
fects at the first visit: 2 (6.6%) had temporal hemi-
anopsia, 1 (3.3%) had central sparing scotoma, 3
(10%) had arcuate scotoma, and 14 (46.6%) had
constricted visual fields. Ten (33.3%) of the pa-
tients’ visual field analyses were within normal
limits at the first visit. Of the patients with visual
field defects, 6 (20%) showed full recovery, 3 (10%)
showed partial improvement, and 11 (36.6%)
showed no improvement within 6 months of the
onset of stroke.

I DISCUSSION

In this study, we aimed to determine the TRD of
the RNFL and the RGC by OCT in patients with
acute cerebral infarction. We aimed to detect any
relationship between the RNFL or RGC damage,
and any eventual visual field defect occurrence,
using optical coherence tomography and
Humphrey perimetry, respectively. The ACA,
MCA, and PCA territory infarctions together cover
most regions of the brain, including the frontal,
parietal, temporal, and occipital lobes. These re-
gions of the brain may give projections to the vi-
sual pathways, and thus, lesions would result in the

TRD of the RGC.

Central nervous system injury spreads from
one population of neurons to another along the
anatomical and functional connections in several
neurodegenerative diseases. This process, which is
called trans-synaptic or transneuronal degenera-
tion, is a critical component of the disease pro-
gression in many neurological disorders.!*®
Transneuronal anterograde degeneration is the de-
generation of a target neuron after the death of the
presynaptic neuron or loss of the presynaptic
input.>® However, the TRD occurs when neurons

degenerate after the removal of their postsynaptic
target. In the eye, transneuronal retrograde degen-
eration occurs in the RGC, which projects to the
lateral geniculate nucleus (LGN), after the death of
the neurons in the visual pathway that have
synapses with the RGC.

This study examined patients with various
cerebral infarctions using spectral-domain OCT
and Humphrey perimetry; however, we did not
find any statistically significant differences be-
tween the baseline, 6%, and 12® month RGC thick-
nesses. This result may be associated with the
limited follow up time, or the evaluation of only
the overall average thicknesses of the RGC, instead
of the other quantifiable aspects of the RGC, such
as the superior and inferior quadrant measurements
and the percentage of focal loss volume (FLV%)
and global loss volume (GLV%). Furthermore,
there may be isolated pockets of thinning in the
GCC associated with the TRD.

In a study using OCT by Park et al., the pat-
tern of thinning in the RNFL differed between the
eye on the same side and the eye on the opposite
side of the infarction.!® The nasal and temporal
peripapillary retina does not correspond to the
retinotopic map of the visual cortex, and both
crossed and uncrossed fibers may pass through the
superior, inferior, and temporal peripapillary
retina to the optic disc. However, the nasal peri-
papillary retina contains a preponderance of
crossed axons, and the temporal peripapillary
retina contains a preponderance of uncrossed
axons." The results of this study showed that the
superior, inferior, and nasal peripapillary retina in
the contralateral eye was affected by the TRD of
the RGC where the crossed fibers are located. Ad-
ditionally, the superior, inferior, and temporal
peripapillary retina in the ipsilateral eye was af-
fected by the TRD of the RGC where the un-
crossed fibers are located. The nasal regions were
found to be affected mainly in the contralateral
eye and temporal regions in the ipsilateral eye. In
the same study, Park et al. reported that the RNFL
thickness reduction was greater in those patients
with PCA infarctions (n=17), followed by MCA
(n=21) and ACA infarctions (n=8), respectively.
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However, in our study, no statistically significant
change was observed in the RNFL thickness means
of the ACA (n=9), MCA (n=13), and PCA (n=8)
groups between the initial, 6*, and 12" months
(p>0.05). This result may be associated with the
limited number of subjects in our study.

Naito showed that the projection of crossing
fibers from the nasal retina exclusively makes up a
larger sector on the nasal than on the temporal side
of the optic disc. This region has considerably
greater intermingling of crossed and uncrossed
fibers.?’ Theoretically, the superior and inferior
peripapillary retina may contain crossed fibers, un-
crossed fibers, or both from the more temporally
located papillomacular bundle. An RNFL thickness
change in the superior and inferior peripapillary
retina was observed in both the contralateral and
ipsilateral eyes in the study by Naito. In our study,
the first and 12" month superior average RNFL
thicknesses of the ipsilateral eye did not differ from
each other statistically. However, the superior av-
erage RNFL thickness of the contralateral eye in
the 12" month was apparently lower than in the
beginning. Furthermore, the 6 and 12" month ex-
aminations showed a statistically significant de-
crease in the RNFL thicknesses in the superior,
inferior, and temporal sectors when compared with
the baseline thicknesses in both the contralateral
and ipsilateral eyes. The first, 6, and 12" month
nasal RNFL thicknesses differed significantly in
only the contralateral eyes, and these findings are
accordance with the results of Park, Jindahra, and
Naito et al.’**

Visual field loss following stroke has been
largely attributed to cortical strokes in which the
visual pathway is damaged. Following a stroke, the
loss of the visual field is usually more peripheral in
nature. The most common type of visual field loss
is that of homonymous hemianopia, in which there
is a loss of the same half of the visual field in both
eyes, and which occurs in approximately two-
thirds of those patients with visual field losses.?!
Other types of visual field losses may include infe-
rior and superior quadrantanopia, constricted vi-
sual fields, scotomas, and altitudinal defects.?*?
Pambakian and Kennard reported visual field losses

due to an occipital lobe lesion in 40%, a parietal
lobe lesion in 30%, a temporal lobe lesion in 25%,
and 5% with damage to the optic tract and lateral
geniculate nucleus.” Zhang et al. reported the area
of stroke as the occipital lobe in 54%, optic radia-
tions in 33%, the tract in 6%, lateral geniculate nu-
cleus in 1%, and 5% with multiple pathway
segment involvement.®® Further reports state that
most stroke related visual field loss is related to an
occipital infarct.3!%

One previous study showed that the removal
of the striate cortex in a monkey resulted in the
nearly complete loss of projection neurons in the
corresponding region of the LGN within 12
weeks.® The subsequent TRD of the RGC occurred
after the degeneration of the projection neurons of
the LGN. In addition, shrinkage of the optic tract
was pronounced through the first 1 to 2 years, and
the TRD of the RGC occurred after 3 years. As in
animal studies, the degeneration of the RGC in hu-
mans has been shown to be progressive in the first
years after the lesion, becoming relatively stable or
progressing slowly in later years.

Rowe et al. reported that the type of visual
field loss was predominantly homonymous hemi-
anopia, which occurred as a complete or partial loss
(with or without macular sparing) (73.5%).** Other
types of visual field loss included inferior and su-
perior quadrantanopia (15.2%), constricted visual
fields (9.2%), scotomas (5.1%), and altitudinal de-
fects. When considering the type of field loss and
location of the stroke lesion, homonymous hemi-
anopia was more prevalent in the occipital lobe and
middle or posterior cerebral artery strokes. More-
over, quadrantic defects were more prevalent in
occipital, parietal, and temporal lobe strokes, while
homonymous scotomas, altitudinal defects, and
temporal crescent defects were associated with oc-
cipital lobe strokes.

Zhang et al. found that scotomas and macular
sparing could not be localized to only occipital le-
sions, but could occur in other locations of the vi-
sual pathway; a statement with which we concur.®
Visual fields can recover spontaneously following
damage to the geniculostriate pathway after cerebral
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infarction and, generally, patients with homony-
mous field defects from vascular disease seem to
have a poor prognosis for spontaneous recovery.

Pambakian and Kennard reported that less
than 10% fully recover, and up to 50% show partial
improvement of varying extents.” Zhang et al. re-
ported that of those diagnosed with visual field loss
within one month of stroke onset, 55% showed im-
provement of the field.** In addition, Gray et al. re-
ported that most recovery occurred in the first 10
days, which is supported by Cassidy et al.*>3** How-
ever, further recovery is negligible after 10-12
weeks.?37 More importantly, no patient, lesion, or
visual field type was found to correlate with the
outcome. Rowe et al. reported that 8% of their pa-
tients had achieved full recovery of their visual
field loss within the first 2 weeks of stroke onset.
Subsequently, a further 39% showed partial im-
provement within 3 months of stroke onset; how-
ever, 52% showed no improvement, and a very
small number showed further deterioration.

We preferred to use the mean deviation and
pattern standard deviation scores for the statistical
analysis of the visual field results. According to the
MD score, no statistically significant difference was
determined between the first, 6 month, and 12®
month follow ups in the ipsilateral eye. In the con-
tralateral eye, the MD score obtained at the first ex-
amination was significantly lower than the 6™ and
12 month scores, while the MD score stabilized
significantly after the 6™ month. As a result, a sta-
tistically significant improvement in the visual field

between the first and 6™ month visit is in accor-
dance with the present literature. The 6™ month
scores of both the MD and PSD did not differ sig-
nificantly from the scores of the 12 month. More-
over, no territory of infarction was found to
correlate with the scores of the MD and PSD in
both the ipsilateral and contralateral eyes.

This result may be explained using 3 theories;
for example, the patients underwent the first VF as-
sessments in the first week of the acute cerebral in-
farction. Therefore, patient co-operation in the
visual field test may have been poorer in the first
examination when compared with the following
examinations. The second theory is that in most of
the optic neuropathies, functional damage (VF de-
fects) becomes subsequent to the anatomical dam-
age (RNFL loss); therefore, significant visual field
loss may be detected in a longer follow up time. The
last theory is about the VF testing procedure; since
we used the 24-2 Humphrey testing, we might have
overlooked the more peripheral VF defects.

To the best of our knowledge, this is the first
clinical study to consider VF analysis and the thick-
nesses of the RGC complex and RNFL simultane-
ously after cerebral infarction. The RGC thickness
was not found to be affected due to suspected
transneuronal retrograde degeneration and cell
loss. We believe that the follow up time should be
longer, and sub-groups of the RGC thickness meas-
urements should be considered in order to detect
any changes in the ganglion cell complex thickness.
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