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Background: The aim of this study was to demonstrate the relationship between topographic 

reduction in macular ganglion cell complex (GCC) thickness as detected with spectral-domain 

optical coherence tomography and visual field defects caused by ischemic occipital cortical 

injury.

Methods: This study was a retrospective review of all patients who presented to our eye 

institution between January 2012 and July 2014 with visual field defects secondary to ischemic 

cortical injury. The visual field defect pattern and mean deviation were analyzed. Retinal nerve 

fiber layer (RNFL) and macular GCC were both assessed with spectral-domain optical coher-

ence tomography. Patients with any ocular pathology that could affect these measurements 

were excluded. The topographic relationship of visual field defect to reduction in GCC was 

specifically analyzed. 

Results: Nine patients met the inclusion criteria. Their average age was 65 (57–73) years; 

eight were men and six had right hemianopsias. The laterality of the visual field defect was 

used to assign an affected and unaffected side of analysis for RNFL and GCC layer thickness. 

A right hemianopsia meant that the nasal fibers of the right eye and temporal fibers of the left 

eye were assigned as the “affected side”, and the temporal fibers of the right eye and nasal fibers 

of the left eye were assigned as “unaffected”. There was no statistically significant difference 

between affected and unaffected RNFL. However, there was a significant difference in GCC 

layer reduction between the affected and unaffected sides (P=0.029).

Conclusion: There is evidence of retrograde trans-synaptic retinal ganglion cell loss in patients 

with homonymous hemianopsias from cortical visual impairment. This relationship is reflected 

in thinning of the GCC and maintains the topographic relationship of the visual field defect. 
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Introduction
Axonal degeneration is a phenomenon of the central and peripheral nervous system 

wherein a nerve fiber will lose function after an injury. This process begins at the 

site of injury, and can happen in an anterograde (Wallerian) fashion, toward the 

post-synaptic end, or in a retrograde fashion (toward the presynaptic cell body). This 

process of degeneration applies to the injured nerve body and axon, and can occur 

as early as 5–30 minutes after a traumatic event.1 When the degeneration crosses a 

synapse, it is referred to as trans-synaptic, and this can also proceed in an anterograde 

or posterograde mechanism. Anterograde transneuronal degeneration occurs secondary 

to loss of excitatory input to the post-synaptic neuron. Retrograde transneuronal 

damage is theorized to be caused by a loss of trophic support from the injured cell to 

the presynaptic dendritic tree. 

Examples of neuronal degeneration can be seen in the human visual pathway. 

In glaucoma, the site of pathology or injury is the optic nerve head. Retrograde 
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degeneration can be seen by thinning of the retinal nerve fiber 

layer (RNFL) and, more recently, the ganglion cell complex 

(GCC) of the retina.2 Anterograde degeneration in glaucoma 

can be seen by optic nerve atrophy on neuroimaging, as well 

as evidence of trans-synaptic damage by demonstrating mor-

phologic changes in the visual processing cortex3 and loss 

of cell density in the lateral geniculate nucleus of macaque 

monkeys after enucleation.4,5 However, there is little evidence 

of retrograde transneuronal degeneration in the human visual 

pathway. It is traditionally believed that there are no clini-

cal signs of optic nerve damage after occipital lobe damage 

acquired in adulthood. This belief has already been chal-

lenged over recent years with studies demonstrating optic disc 

pallor, loss of retinal cells, and a relative afferent pupillary 

defect in post-geniculate pathology.6–8 More recently, other 

investigators have attempted to quantitatively measure this 

effect by RNFL and GCC analysis using spectral-domain 

optical coherence tomography (SD-OCT).9

In this study, analysis of both the RNFL and the GCC were 

included to demonstrate retrograde transneuronal degenera-

tion in patients with homonymous hemianopsia caused by 

cerebrovascular accident (CVA). Prior to the algorithm for 

GCC measurement, the best way to indirectly measure the 

nerve fiber layer was to use the RNFL function on OCT. 

The RNFL is primarily reported divided into four quadrants,  

ie, temporal, nasal, superior, and inferior. This distinction 

is less than ideal for evaluating post-chiasmatic visual field 

defects since the temporal quadrant contains retinal fibers from 

the temporal retina as well as the maculopapillary bundle nasal 

to the fovea. This allows for both the nasal and temporal visual 

fields to be represented in the same measurement, and could be 

a confounder when attempting to analyze visual field defects 

that respect the midline. To demonstrate retrograde trans-

synaptic degeneration, a right occipital lesion would cause 

thinning of the nasal nerve fiber of the right eye and temporal 

nerve fiber of the left eye. This becomes further challenging as 

the peripapillary nerve fiber layer is not symmetric at baseline 

in normal subjects. In general, the inferior quadrant is thickest, 

followed by the superior, nasal, and temporal. 

The fovea represents the physiologic division between 

crossed and uncrossed fibers to the visual cortex, and at 

baseline is symmetric between the superior, inferior, nasal, 

and temporal quadrants. For these reasons, the GCC analysis 

is a more straightforward way to demonstrate thinning as it is 

projected to the visual cortex and measured by a visual field. 

The GCC has been shown to be a more sensitive marker of 

inner retinal thinning than the RNFL in a number of disease 

processes.10–13 This has allowed clinicians to diagnose and 

treat earlier to prevent further visual disability. 

Materials and methods
All patients who presented to the Bascom Palmer Eye Institute 

with documented homonymous hemianopsia on Humphrey 

visual field (HVF) testing due to ischemic stroke between 

January 2012 and July 2014 were retrospectively reviewed. 

This study was approved and conformed to the policies and 

procedures outlined by the institutional review board of the 

University of Miami and conformed to the requirements of 

the United States Health Insurance Portability and Privacy 

Act. Case identification was done through a search using the 

International Classification of Diseases, 9th Revision for the 

term “homonymous hemianopsia”. Additional inclusion cri-

teria consisted of required SD-OCT of the RNFL and macula 

with GCC analysis, and documentation of a cortical stroke on 

magnetic resonance imaging consistent with the visual field 

defect. The HVF protocol was a Swedish Interactive Test 

Algorithm (SITA) standard 30-2 algorithm. All patients with 

any other ocular comorbidities that could produce a visual 

field defect or reduction of GCC or RNFL were excluded. 

Specifically excluded were patients with glaucoma, other 

known optic neuropathy, or age-related macular degeneration. 

Patients with hypertension, hypercholesterolemia, or diabetes 

were not excluded because these systemic diagnoses are also 

risk factors for stroke, and thus most patients had at least one of 

these conditions. However, patients with background diabetic 

retinopathy or hypertensive retinopathy were not included, 

as this has been found to produce changes in the nerve fiber 

layer.14 Demographics recorded included age, sex, laterality, 

date of ischemic event, and date of ophthalmic examination. 

Visual fields included for analysis were those with param-

eters of fixation losses, along with false positives and negatives 

of 25%, consistent with reliability indices in the glaucomatous 

population,15 and the analysis was performed using the averaged 

mean deviation (MD) of the affected hemifield compared with 

the averaged MD of the unaffected hemifield. The average 

MD of the affected hemifield of all eyes were used as datum 

points for the affected group and the average MD of unaffected 

hemifields were used for the unaffected group (Figure 1). 

OCT scans were included if the signal strength was 7 

without blink artifact. The RNFL analysis was divided into 

two components, ie, primarily crossed and primarily uncrossed 

fibers. The RNFL is reported in four quadrants which are not 

symmetric at baseline, so the nasal and temporal fibers cannot be 

directly compared. Further, the temporal RNFL includes fibers 

from the nasal and temporal visual field, so can cause confusion 

when relating this to hemianopsias. Because of this, the quad-

rants were not compared between an individual eye but between 

fellow eyes. Nasal fibers were chosen to represent crossed 

fibers and the average of the remaining temporal, superior, and 
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∆

∆

Figure 1 Humphrey visual field for patient 1 showing gray scale image and total and pattern deviation demonstrating dense right homonymous hemianopsia.
Abbreviations: MD, Mean deviation; PsD, Pattern standard deviation.
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inferior fibers was chosen to represent the uncrossed fibers. The 

baseline variation in RNFL thickness amongst quadrants was 

accounted for by only comparing similar quadrants, ie, nasal 

affected versus nasal unaffected in the fellow eye (Figure 2A). 

The analysis involved a Student’s t-test comparing all affected 

nasal quadrant measurements as one group compared with all 

unaffected nasal quadrant measurements. Another Student’s 

t-test was performed similarly comparing an average of the 

remaining three quadrants, ie, temporal, superior, and inferior. 

The thickness of each RNFL quadrant was also recorded as 

green (within the 95th percentile), yellow (bottom 5th percen-

tile), or red (bottom 1st percentile).

The GCC analysis differed from the RNFL in that the 

GCC was compared using the affected and unaffected 

hemiretina, so each eye has a pair of datum points. For 

example, for patients with a right homonymous hemianopsia, 

the temporal hemiretina of the left eye was labeled affected 

and the nasal hemiretina as unaffected. The GCC algorithm 

on SD-OCT (Cirrus HD-OCT, Carl Zeiss Meditec, Dublin, 

CA, USA) divides the macula into six equal sectors across a 

×

Figure 2 (Continued)
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×

Figure 2 (A) SD-OCT RNFL for patient 1 showing normal thickness without a relative difference in thickness between affected and unaffected fibers as well as an example 
of how the calculations were performed. (B) sD-OCT ganglion cell complex for patient 1 showing relative thinning in the nasal macula of the right eye and temporal macula 
of the left eye corresponding to the right hemianopsia.
Abbreviations: RNFL, retinal nerve fiber layer; SD-OCT, spectral-domain optical coherence tomography; IPL, inner plexiform layer; GCL, ganglion cell layer; ONH, optic 
nerve head; OD, right eye; Os, left eye; OU, both eyes. 

horizontal meridian. At baseline, all segments should be of 

equal thickness. To establish a thickness measurement for 

the nasal macula, the superonasal sector and the inferonasal 

sector were averaged, and similarly the temporal thickness 

was calculated as the average of the superotemporal and inf-

erotemporal sectors. The affected hemiretinal measurements 

were compared against a group of all unaffected sectors 

(Figure 2B). The inferior and superior segments were left 

out of the analysis as there is no vertical midline to keep the 

crossed and uncrossed fibers separated. 

The statistical analysis was performed using Statisti-

cal Package for the Social Sciences version 22 (SPSS Inc, 

Chicago, IL, USA). Since visual field data follows a normal 

distribution, a matched Student’s t-test was used to compare 

the mean deviation of affected and unaffected quadrants 

(n=34). The RNFL and GCC analyses were obtained using 

Wilcoxon signed-rank tests because of the lack of normal 

distribution and small sample size. The HVF MD and GCC 

analysis compared affected versus unaffected hemifields/

hemiretinas while the RNFL analysis compared nasal fibers 
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between unaffected and affected eyes and combined tem-

poral, superior, and inferior fibers between unaffected and 

affected eyes separately. P0.05 was deemed to be statisti-

cally significant. Where the sample size precluded calculation 

of a P-value, a critical value of W was calculated using the 

Wilcoxon signed-rank test, and statistical significance was 

reported based on this value. 

Results
Nine patients (17 eyes) met the inclusion criteria for this 

study. One eye of one patient was excluded secondary to 

ophthalmic artery occlusion. This patient was excluded from 

RNFL analysis; however, his unaffected eye was included in 

the visual field and GCC analyses. The baseline demographics 

and clinical data are presented in Table 1. All patients were 

over the age of 50 years at the time of inclusion, with an 

average age of 65 years. The HVF MD between affected and 

unaffected hemifields was -26.5 dB and -7.3 dB, respectively 

(P0.0001). The average RNFL thickness was 74.1 μm for 

affected nasal fibers and 74.1 μm for unaffected nasal fibers. 

The average thickness of the combined temporal, superior, 

and inferior fibers was 90.63 μm for the affected sectors and 

88.6 μm for the combined unaffected sectors. These results 

were not found to be significant because the W-value was 

above the calculated critical value. The RNFL quadrants were 

all within the 95th percentile for thickness in 67% of patients. 

The remaining 33% of patients had thinning in the bottom 1st 

or 5th percentiles that did not consistently follow a pattern 

related to their visual field loss. The GCC analysis revealed 

an average thickness of 69.9 μm in the affected hemiretina 

and 75.2 μm in the unaffected hemiretina (P=0.029).

A representative case (patient 1) is a 57-year-old man 

who presented to the neuro-ophthalmology clinic for evalua-

tion of a visual field defect found on routine ophthalmologic 

testing. His best-corrected visual acuity was 20/20 in the 

right eye and 20/25 in the left eye. Confrontation visual field 

testing revealed a dense right homonymous hemianopsia. 

The remainder of the clinical examination, including pupil-

lary assessment, intraocular pressure, and external slit-lamp 

and funduscopic evaluation, was within normal limits. Mag-

netic resonance imaging was obtained that demonstrated an 

old left occipital infarction with encephalomalacia (Figure 3).  

Automated HVF 30-2 testing corroborated the confronta-

tion fields, with an MD of -29.6 dB for the right hemifield 

of the right eye and -31.2 dB for the right hemifield in the 

left eye, with an MD of 1.15 dB and 1.5 dB in the respective 

left hemifields (Figure 1). The RNFL showed an average 

affected nasal thickness of 104 μm in the affected nasal 

quadrant and 95 μm in the unaffected nasal quadrant. The 

combined temporal/superior/inferior value was 120 μm for 

the unaffected sectors compared with 109 μm for the affected 

sectors (Figure 2A). The GCC demonstrated generalized 

thinning that was more prominent for the hemisphere cor-

responding to the visual field defect (Figure 2B). The right 

eye demonstrated an average thickness of 87.5 μm in the 

temporal unaffected sectors compared with 62.5 μm in the 

nasal affected sectors. Similarly for the left eye, 82 μm versus 

73 μm in the unaffected and affected sectors, respectively. 

Table 1 Patient demographics and clinical data

Patient
Number

Age  
(years)

Sex Side Time from CVA  
to examination

HVF 30-2  
(MD, dB)

RNFL OD  
(μm)

RNFL OS  
(μm)

GCC (μm)

A U A U A U A U

1 57 M r Unknown -30.4 -1.3 104 121 109 95 67.8 84.8
2 72 F r Unknown -25.3 -1.5 52 80.3 86.7 54 59.5 74.8

3 65 M l 3 months -21.9 -1.8 67 81 86.7 69 75.2 74.8

4 60 M r Unknown -29.4 -25.5 67 104 103 69 77 76.3

5 60 M l Unknown -25.4 -8.1 73 106 98 73 74.7 79

6 58 M r Unknown -30.4 -2.1 64 103 102.7 57 81 80

7 72 M r 14 months -25.5 -2.4 57 71.7 62 57 63 72

8* 73 M r Unknown -22.7 -17.6 – – – – 67 68

9 70 M l Unknown -27.3 -5.1 92.3 76 74 91 64 68

Mean 65.2 -26.5 -7.3 69.9 75.2

sD 6.61 6.10 8.46 7.98 6.68
P-value 0.001 0.029

Notes: *This patient’s right eye was excluded secondary to ophthalmic artery occlusion that led to diffuse rnFl and gCC thinning. The gCC measurements listed are for 
his left eye only; the affected visual field category is the average of the affected hemifield in the right and left eyes; there are two separate RNFL calculations, ie, nasal affected 
versus nasal unaffected: mean 74.1±19.49 μm versus 74.1±18.96 μm; P=0.99; and combined T/s/i affected versus unaffected: 90.63±18.01 μm versus 88.6±18.81 μm; the gCC 
reported in the affected column is the average of the affected hemiretina in the right and left eyes.
Abbreviations: CVA, cerebrovascular accident; GCC, ganglion cell complex; HVF, Humphrey visual field; A, affected; U, unaffected; MD, mean deviation; T/S/I, combined 
temporal, superior, inferior; SD, standard deviation; RNFL, retinal nerve fiber layer.
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Figure 3 axial T1-weighted magnetic resonance image of patient 1 demonstrating 
encephalomalacia of the left occipital lobe.

Magnetic resonance imaging was ordered, and revealed left 

occipital encephalomalacia consistent with an old ischemic 

infarction, explaining the visual field defect.

Discussion
The theories that cortical injuries do not produce measurable 

optic nerve damage and that retrograde trans-synaptic neu-

ronal degeneration does not occur have been challenged for 

over 40 years. More recently, evidence has shown a reduction 

in RNFL thickness in patients with CVAs of the anterior or 

posterior circulation as compared with normal controls.16 This 

study demonstrates thinning of the retinal ganglion cell layer 

after cortical visual impairment. This was measured using 

patients with homonymous hemianopsia and compared the 

laterality of stroke with the corresponding hemiretina. 

The RNFL results demonstrate generalized thinning of 

the RNFL in 33% of patients using the standard deviations of 

the computer-based algorithm of the OCT. These results are 

lower than previously published data on RNFL thinning after 

cerebral infarction. This may be due to lack of information 

regarding time from CVA to examination. It is possible that 

the patients without thinning were imaged within 2 years of 

CVA, making it less likely to demonstrate a pattern reduction of 

the RNFL.9,16,17 There was no difference between affected and 

unaffected sectors of the RNFL; however, the study is limited 

by the small number of patients. Most of the patients in the 

study had normal RNFL thickness in all quadrants, and there-

fore would be unlikely to demonstrate a difference between 

affected and unaffected fibers. The retrospective nature of the 

study did not allow us to determine the time from CVA to 

examination in most patients. Further studies with follow-up 

and known time of CVA are needed. Jindahra et al reported 

more specifically on an identifiable time course from CVA to 

RNFL thinning, and showed that there is more rapid thinning 

in the first 2 years, with continued loss of thickness at a lower 

rate thereafter.17,18 Other studies have shown a decrease in the 

RNFL and inner retina in patients with various neurologic 

diseases of the retrogeniculate pathway, as well as specifically 

pointing out GCC thinning as evidence of trans-synaptic retro-

grade degeneration.9,10,16 With increased use of this technology 

and more use of OCT to detect subtle macular changes related 

to vision loss or effects of medication, new patterns have been 

increasingly observed.

However, there are few studies assessing macular GCC 

thickness as it relates to visual field defects from cortical 

lesions. Here, the effects of cortical damage in ganglion 

cells by trans-synaptic retrograde degeneration is specifically 

addressed in documenting and analyzing the GCC. GCC 

analysis is a more specific measure of inner retinal thinning 

because it is an indirect measure of both the inner plexiform 

layer and the ganglion cell layers of the retina. It is centered 

over the fovea, ie, the physiologic divide for crossed and 

uncrossed fibers to the visual cortex, as opposed to the 

optic nerve in the RNFL algorithm. This makes it unique in 

evaluating for retinal sequelae of post-geniculate pathology, 

specifically hemianopsia from ischemic stroke. In normal 

individuals, GCC thickness is seen as a symmetric ring cen-

tered on the fovea, and the pattern of thinning can be readily 

appreciated. This is a simple, noninvasive test that does not 

rely on patient responses to produce quantifiable measures 

of GCC thinning. The GCC in this study was found to be 

significantly reduced in the affected hemiretina as compared 

with the unaffected hemiretina. This supports the theory that 

retrograde neuronal degeneration can occur in the visual 

pathway and maintains the topographic distribution of the 

ganglion cell layer as projected to the visual cortex.

The GCC is measured using OCT, which is a simple, non-

invasive test that does not rely on patient responses to produce 

quantifiable measures of GCC thinning. This is important 

clinically as an adjunct to visual field testing to confirm a 

visual field defect in a patient who is unable to undergo a 

reliable visual field test or may have other neurologic or 

ophthalmic comorbidities. This is valuable information for 

family members, caregivers, and rehabilitation teams, so that 

they can orient treatment to the unaffected side, as well as for 

clinicians to be aware if a new pattern has emerged on GCC 

testing that was previously indeterminate on visual field and 
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funduscopic examinations. Monitoring the GCC over time 

may allow prediction of the timing of the ischemic event if 

it is unknown, as well as aid in mapping the time course of 

trans-synaptic degeneration. More studies with larger sample 

sizes and a prospective design are necessary to elucidate these 

factors and allow for better diagnosis and treatment. 

The limitations of this study include its small sample size 

and retrospective design. There were no age-matched normal 

controls to compare GCC thickness on the unaffected side 

or to compare RNFL thickness. The authors attempted to 

exclude patients with pathology that could affect the unaffected 

hemiretina; however, because the data analysis was paired, 

each patient acted as their own control. The analysis was geared 

toward determining the difference between the affected and 

unaffected fibers as they are projected to the visual cortex, so 

if there was generalized reduction of GCC, it should not have 

significantly affected the results. Another limitation is the lack 

of information regarding the time course of degeneration. This 

is due to the fact that many patients are unaware of a visual field 

defect and do not seek prompt medical attention. Future studies 

should be conducted in a prospective manner utilizing primary 

care, emergency medicine, and neurology as important referral 

sources to identify these patients as early as possible. 

Conclusion
Occipital ischemia can cause retrograde trans-synaptic axonal 

degeneration that maintains the topographic relationship of 

the retina as projected to the visual cortex. This can be dem-

onstrated by the relationship between GCC reduction on OCT 

and visual field defects in homonymous hemianopsia. This 

study should act more as a proof of theory that this relationship 

exists and is measurable. Larger prospective studies are neces-

sary to define an association and time course more clearly.
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