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Abstract
Objective
Following nerve injury, the projection of posterior visual pathway lesions into the macular ganglion cell
layer (GCL) region indicates retrograde trans-synaptic degeneration (RTSD) as a mechanism of functional
damage.

Our purpose is to assess GCL damage and the impacts of ischemic brain lesions affecting the visual pathway
on macular microvascularization in patients with stroke.

Methods
In a case-control study, we examined 15 ischemic stroke patients who showed visual field defects and 50
healthy controls using the high-resolution optical coherence tomography (OCT) techniques such as spectral
domain-OCT (SD-OCT) to measure retinal nerve fiber layer (RNFL) and GCL thicknesses, and OCT
angiography (OCTA) to assess damage to the macular microvasculature.

Results
In the cases, the correlation was detected among the site of vascular damage, visual field defect, retinal GCL
thinning, and normal RNFL thickness. Further observations were significant reductions in macular
thickness, GCL thickness, outer retinal layer vascular density, and vascular area in deeper retinal layers (p <
0.05).

Conclusion
Our findings suggest that ocular microvasculature abnormalities could serve as diagnostic and/or prognostic
markers in patients with stroke and support the described use of GCL thickness as an image marker of visual
pathway RTSD after brain injury.
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Introduction
Trans-synaptic degeneration may be seen in post-synaptic neurons (anterograde) and pre-synaptic neurons
(retrograde). In the eye, retrograde trans-synaptic degeneration takes place in the retinal ganglion cells that
project to the lateral geniculate nucleus after the death of the neurons that synapse with these cells [1].

Stroke is a significant cause of disability and death worldwide. According to the Spanish Society of
Neurology (SEN), stroke is the second cause of death in Spain (the first in women), the first cause of
acquired disability in adults, and the second cause of dementia. Estimates provided by this society indicate
that every year 110,000-120,000 people will experience stroke, and that 50% of these individuals will die or
be left with disabling sequelae [2].

According to the guidelines of the different European organisations, multiple classifications of stroke exist
depending on criteria such as ischemic/hemorrhagic, brain site, and/or similar cause [3-7].

Ischemic strokes, whereby reduced blood flow causes injury to a given brain region, are a consequence in
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most cases of a systemic disorder involving both macrovascular and microvascular abnormalities. The main
risk factor for both ischemic and hemorrhagic stroke is high blood pressure, followed by dyslipidemia and
diabetes mellitus [8,9].

Fundoscopy allows for the direct visualization of retinal microvascular changes. In chronic hypertensive
patients, fundoscopy gives clinicians an idea of the extent of systemic disease without the need for invasive
tests. Classically, the morphological features of hypertensive retinopathy are stratified according to the
classification guidelines of the International Council of Ophthalmology (ICO). There are some limitations to
this classification system, however, such as structural changes prior to established clinical signs or
interobserver differences.

Since its introduction, spectral domain-optical coherence tomography (SD-OCT) has acquired an important
role in the assessment of neuro-ophthalmological diseases. Using this imaging technique, it is possible to
assess the integrity of neuronal and cellular axons or their diminished presence related to the progression of
some diseases of the visual pathway, as well as to predict visual recovery after surgery in compressive optic
neuropathies. SD-OCT imaging is also an important marker of neurodegeneration and is emerging as a
promising objective tool for multiple sclerosis trials [1,10].

OCT angiography (OCTA) is a new way to examine the microvasculature of the choroid and retina, otherwise
known as broad-spectrum amplitude-decorrelation angiography. This technique detects the diffractive
movement of RBCs as changes in the decorrelation signal to create a three-dimensional map of
vascularization at different levels (retina, superficial choroid plexus, and deep choroid plexus) that allows a
quantitative assessment of the microcirculation. The procedure is non-invasive and does not require
pharmacological mydriasis or IV contrast injection.

The main advantages of SD-OCT and the newer technique OCTA over fundoscopy lie in their ability to detect
possible changes in microvascularization prior to any clinical signs visible in the fundus exam. A further
benefit is that OCT provides numerical values that nullify interobserver differences.

Several studies have shown that in adults due to ageing, there is a decrease in the vascularization of the
different capillary plexuses and an increased avascular area of the fovea. Both these signs can be detected by
OCTA. In patients with a history of stroke and visual field defects, SD-OCT has been able to correlate this
condition with a reduction or loss of ganglion cells. Prospective studies are needed to examine when retinal
microvascularization changes take place in these patients [1,10-13].

The present study was designed to assess retrograde trans-synaptic neuron degeneration (RTSD) in ganglion
cells by OCTA in patients who have suffered a stroke, causing perimetry changes. Our working hypothesis
was that the area of vascularization of the retina and ganglion cell degeneration would differ between stroke
patients and control subjects. As secondary objectives, we determined whether a correlation exists between
retinal nerve fiber layer (RNFL) thickness and stroke, and confirmed the known relationship between
ganglion cell layer (GCL) thickness and visual field defect.

Materials And Methods
For this case-control study, we recruited 15 patients (15 eyes) who had suffered an ischemic stroke and 50
healthy individuals (50 eyes) with no cardiovascular risk factors or other systemic diseases. Both patients
and controls gave their written informed consent to participate in the study, whose protocol fulfilled the
principles of the Declaration of Helsinki.

Cases were subjects aged over 40 years, who had been diagnosed with a stroke of any aetiology and location
in the previous two years, referred to the neuro-ophthalmology unit of the Hospital Clínico San Carlos,
Madrid, Spain, in whom we detected a visual field abnormality using a Humphrey 24.2 (Visual Field
Analyzer, Carl Zeiss Meditec, Dublin, CA) or Octopus TOP 123 (Haag-Streit Diagnostics, Koenig, Switzerland)
perimetry device.

Patients were excluded if they had an ophthalmologic condition that could interfere with the results of the
study including established glaucoma, macular disease (macular degeneration, epiretinal membranes or
other vascular condition), severe amblyopia, or any condition involving media opacity that could interfere
with image quality. Patients were also excluded if they had motor and/or cognitive sequelae determining
their poor collaboration. The cases finally selected were 15 individuals with a history of cerebrovascular
stroke who were under follow up at the neuro-ophthalmology unit and/or neurology department over the
year 2018-2019 fulfilling the inclusion and exclusion criteria.

Cases and controls were subjected to the following tests only once: best-corrected visual acuity (BCVA),
intraocular pressure (IOP) by applanation tonometry (Perkins; Clement-Clarke, Haag-Streit, UK), visual field
using a Humphrey 24.2 or Octopus TOP, and SD-OCT (Cirrus®, Zeiss, Oberkochen, Germany), and
OCTA (RS-3000, Nidek Co., Gamagori, Japan).
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OCTA images of the optic nerve head and macular area were obtained by a single trained examiner. In all
participants, scans were conducted in one eye. The macular area scanned was 4.5 mm × 4.5 mm at a scan
density of 256 A-scans (horizontal) × 256 B-scans (vertical).

Macular thickness was analyzed in a 4.5 × 4.5 mm2 field divided into three concentric “rings”, central,
parafoveal, and perifoveal, each centred at the fovea of diameters 1.0, 3.0, and 4.5 mm, respectively. The two
outer rings were further divided into four quadrants by two orthogonal lines to define nine subfields in total
(Figure 1) [14,15].

FIGURE 1: Representative example of macular vascular density analysis
with Nidek 3000 in a patient with stroke.
1.1: Radial peripapillary capillary plexus (RPCP); Superficial capillary plexus (SCP); Inner retinal plexus (IRP). 1.2:
Deep capillary plexus (DCP). 1.3: Choroid. 1.4: Outer retina.

Statistical analysis
All statistical tests were performed using Windows SPSS 25.0 software (SPSS Inc., Chicago, IL). The
Kolmogorov-Smirnov test was used to check the normality of the distribution of quantitative variables,
which are expressed as the mean and SD. To compare the demographical characteristics of the case and
control groups, we used the Student's t and Chi-squared tests. Data for macular and GCL thickness, vessel
density (VD), and vascular area (VA) in each of the layers examined at the level of the macula were compared
using the Mann-Whitney U test for independent samples in non-parametric tests. Significance was set at p <
0.05.

Results
Cases and controls did not differ significantly in terms of mean age which was 59.7 ± 9.02 years in the stroke
group and 68.36 ± 9.94 years in the control group (p = 0.297), IOP (p = 0.512) or BCVA (p = 0.067).
Proportions of men differed significantly: 34% in the cases and 85% in the controls (p = 0.001) (Table 1).
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Variable Strokes n = 15 Controls n = 50 Signification

Sex cases (% men) 34 85 p = 0.001+

Age (mean + SD) (years) 59,7±9,02 65,36±9,94 p = 0.297*

BCVA (mean + SD) (Snellen) 0,56 ± 0,23 0,69 ± 0,21 p = 0.067*

IOP (mean + SD) (mmHg) 15,20 ± 3,03 15,60 ± 1,81 p = 0.512*

TABLE 1: Demographic and clinical characteristics of the study cases.
Demographic and clinical characteristics of the study cases.

BCVA: Best corrected visual acuity; IOP: Intraocular pressure.

* Student's t test; + Chi-squared test.

Signification p < 0.05

In the stroke patients, probable disease etiologies were hypertension recorded in 60%, followed by
cardioembolic in 15%, and undetermined cause in 25%. The main site affected was the right posterior
cerebral artery (PCA) in 60%, left PCA in 25%; total anterior circulation infarct (TACI) was detected in 15%.
Stoke duration measured as the time elapsed since infarction was 17.8 ± 4.97 (14-25 months). The main
visual field defect was homonymous hemianopia (80%) followed by homonymous quadrantanopia (20%). A
total of 30% of the patients had other sequelae, of which we should mention dysarthria in one and
hemiplegia in two.

The macular OCTA map indicated significantly reduced (p < 0.05) outer retinal layer thicknesses in all
quadrants and upper and lower inner retina in the cases compared to the controls. GCL thickness was also
diminished in the outer (p < 0.05) but not inner retina (Table 2).
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Variables  Controls n = 50 Cases n = 15 Signification

Macular thickness (microns)

Central 272,82±19,77 277±24,36 p = 0.858

Inner temporal 329,03±12,01 316,04±23,78 p = 0.175

Inner superior 324,93±14,23 329,97±12,80 p = 0.006

Inner nasal 344,82±13,28 327,92±25,98 p = 0.037

Inner inferior 340,01±12,30 326,07±14,15 p = 0.003

Outer temporal 298,92±13,98 283,41±14,34 p < 0.001

Outer superior 313,58±12,51 293,70±12,81 p < 0.001

Outer nasal 322,20±13,26 301,66±17,15 p < 0.001

Outer inferior 301,18±15,07 283,45±13,11 p < 0.001

Ganglion cell layer thickness (microns)

Inner TS 69,72±13,72 68,45±22,97 p = 0.537

Inner NS 74,19±14,93 69,65±15,57 p = 0.372

Inner NI 79,64±14,42 69,34±18,49 p = 0.60

Inner TI 75,49±14,56 71,13±25,12 p = 0.929

Outer TS 114,78±8,31 96,12±20,07 p < 0.001

Outer NS 122,07±8,43 103,84±17,95 p < 0.001

Outer NI 112,43±7,72 101,85±20,25 p < 0.001

Outer TI 116,79±6,77 96,80±24,84 p = 0.002

TABLE 2: Macular analysis in healthy controls and patients with stroke using Nidek 3000.
TS: Temporal superior; NS: Nasal superior; NI: Nasal inferior; TI: Temporal inferior; TS: Temporal superior; NS: Nasal superior.

Mann–Whitney U test.

Signification p < 0.05.

In patients with stroke, VD was also significantly reduced (p < 0.05) at the level of all vascular plexuses
(deep, outer retinal, and choroid), as was the vascular area of the radial and deep peripapillary plexuses (p <
0.05) (Table 3).
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  Controls (n = 50) Cases (n = 15) Signification

Vascular density (%)

RPCP+SCP+IPR 6,21±2,57 4,11±2,06 p = 0.01

DCP 26,75±5,82 20,08±5,64 p < 0.001

External retina 42,68±7,97 32,67±7,73 p < 0.001

Choroid 30,14±12,74 21,93±7,47 p = 0.007

Vascular area (mm2)

RPCP+SCP+IPR 3,23±0.47 2,43±0.46 p < 0.001

DCP 7,17±0.60 6,50±0,53 p < 0.001

External retina 8,07±0,84 7,86±0,74 p = 0.417

Choroid 6,86±1,80 7,10±0,52 p = 0.326

TABLE 3: Macular A-OCT Nidek 3000 results in cases with stroke and healthy subjects.
RPCP: Radial peripapillary capillary plexus; SCP: Superficial capillary plexus; IPR: Inner retina plexus; DCP: Deep capillary plexus; mm2: squared
millimetres.

Mann–Whitney U test.

Signification p < 0.05.

Discussion
In all the patients included in this case-control study, visual field defects were correlated with GCL thinning.
This was observed at least one year after the stroke, as reported in other studies [11,12]. Other authors have
reported macular or GCL atrophy in patients who have experienced RTSD of visual pathway neurons in the
absence of another neurological or ophthalmological condition [11,13]. According to Keller J et al and
Jindahra P et al., macular changes seem to occur within the first year of a stroke and remain stable thereafter
[13,16-18].

Our RNFL thickness values showed a lower correlation with visual field defect in our patients than with GCL
thickness. The reason for this could be that neuron somas in the macula are more numerous and are
topographically organized to coincide with the visual field. In contrast, the distribution of fibres of the RNFL
is more complex and it seems more difficult to correlate RNFL thickness with stroke than with ocular
diseases such as glaucoma [13,16,18]. Inconsistent with our findings, significant RNFL thickness differences
have been described in healthy subjects and patients with ischemic brain injury 100.48±13.32 µm versus
75.41 ± 14.53 µm, respectively (p < 0.001) [1].

Following optic nerve damage due to glaucoma via possible anterograde degeneration, there is a clear
correlation between RNFL thinning and perimetric defect. However, the role of GCL in anterograde trans-
synaptic degeneration is not as clear, although some authors argue that GCL changes can be used for the
early diagnosis and/or follow up of glaucoma [19].

Neurological damage caused by other conditions, such as demyelinating or compressive chiasmal tumours,
also leads to acquired RTSD [20-28].

In multiple sclerosis, optic nerve damage can be seen in 25-50% of patients with optic neuritis and some
axonal degeneration [29,30]. A moderate relationship has been also identified between RNFL loss in patients
whose MRI showed some degree of cerebral atrophy. In these patients, generalized GCL thinning has been
observed in multiple studies, especially in patients with a history of optic neuritis. Some authors describe
GCL measurement as a more sensitive marker than RNFL to detect nerve damage even in the absence of a
previous optic neuritis episode [31,32]. This loss of ganglion cells has been also correlated with
compromised visual quality, contrast sensitivity, and even quality of life assessed by several
questionnaires [20-23].

In other neurodegenerative diseases, such as Alzheimer's or Parkinson's, overall GCL thinning has also been
observed. In the case of Parkinson's disease, mainly RNFL thickness and macular thickness are reduced,
especially affecting the inner layers [25,26].

In an OCTA study in patients with arterial hypertension, Pascual-Prieto J et al. detected a decrease in
macular thickness and VD compared to controls. These authors proposed that these findings of generalized
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atrophy could be due to chronic ischemia caused by hypertension [14].

Recently, Jaumandreu L et al. reported reduced peripapillary and macular VD concomitant with reduced
homonymous GCL thickness and visual field defects in patients with lesions in the retrogeniculate visual
pathway [33].

Our study has several limitations. The main limitation is the small number of cases and the fact that these
patients had suffered brain injury long before OCTA and showed heterogeneous clinical presentations. A
limitation of OCTA is that it only measures blood flow contrast or RBC movements. Nevertheless, to the best
of our knowledge, this is the first study to correlate stroke with OCTA images. In future prospective studies,
it would be interesting to assess functional and morphological changes in the macular area and optic nerve
head produced by stroke affecting the posterior visual pathway. 

Macular imaging by OCT may serve as a marker to quantify damage to the posterior visual pathway. This may
be especially useful in patients who are unable to cooperate with functional tests [13,27].

Conclusions
In conclusion, the mapping of posterior visual pathway lesions and their projection into the macular GCL
subfield served to confirm RTSD after brain injury as a mechanism of functional damage. Our findings
support the use of GCL thickness as a biomarker of such lesions, as described in the literature. The
differences detected here between patients with stroke and healthy subjects in vascular area and vessel
density in most layers of the retina provide a new direction for further research.
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