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Abstract

Background To quantify the degree of ganglion cell degeneration through spectral domain optical coherence tomography
(SD-OCT) in adult patients with post-stroke homonymous visual field defect.

Methods Fifty patients with acquired visual field defect due to stroke (mean age=61 years) and thirty healthy controls
(mean age =58 years) were included. Mean deviation (MD) and pattern standard deviation (PSD), average peripapillary
retinal nerve fibre layer thickness (PRNLF-AVG), average ganglion cell complex thickness (GCC-AVG), global loss volume
(GLV) and focal loss volume (FLV) were measured. Patients were divided according to the damaged vascular territories
(occipital vs. parieto-occipital) and stroke type (ischaemic vs. haemorrhagic). Group analysis was conducted with ANOVA
and multiple regressions.

Results pRNFL-AVG was significantly decreased among patients with lesions in parieto-occipital territories compared to
controls and to patients with lesions in occipital territories (p =.04), with no differences with respect to stroke type. GCC-
AVG, GLV and FLV differed in stroke patients and controls, regardless of stroke type and involved vascular territories. Age
and elapsed time from stroke had a significant effect on pPRNFL-AVG and GCC-AVG (p <.01), but not on MD and PSD.
Conclusions Reduction of SD-OCT parameters occurs following both ischaemic and haemorrhagic occipital stroke, but it
is larger when the injury extends to parietal territories and increases as time since stroke increases. The size of visual field
defect is unrelated to SD-OCT measurements. Macular GCC thinning appeared to be more sensitive than pRNFL in detect-
ing retrograde retinal ganglion cell degeneration and its retinotopic pattern in stroke.

Keywords Stroke - Retinal ganglion cell degeneration - Visual field defect - Peripapillary retinal nerve fibre layer
thickness - Ganglion cell complex thickness - Spectral domain optical coherence tomography
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Trans-synaptic retrograde retinal ganglion cell (RGC)
degeneration takes place in the retinal projections to the
lateral geniculate nucleus. It has been observed after the
death of the neurons that synapse with these cells and, in the
Neuro-Ophthalmology Center and Ocular Electrophysiology human visual system, in patients with both congenital and
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degeneration have been shown experimentally in macaque
monkeys after occipital lobectomy [5—-7], in humans through
post-mortem histological examinations [7], and in vivo by
magnetic resonance imaging (MRI) [8]. Addressing the
nature of the acquired lesion, either cortical alone or related
to the retina-cortical projections, enables hypothesizing on
the likelihood of exploiting neural plasticity for recovery
purposes.
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An important issue pertains to the occurrence, in the human
visual system, of trans-synaptic acquired retrograde degenera-
tion following damage to the human post-geniculate visual
pathway. Preliminary evidences from clinical observation
originally suggested that retrograde trans-synaptic degeneration
occurred only in subjects with a prenatal damage to the post-
geniculate pathway [9, 10]. Recently, this type of degeneration
was observed also in the patients with occipital lobe/optic radia-
tion damage due to stroke, as detected by optical coherence
tomography [11-14]. With spectral domain optical coherence
tomography (SD-OCT), it has been shown that thinning of the
peripapillary retinal nerve fibre layer (pRNFL) can occur in
association with both congenital and acquired homonymous
visual field defects (quadrantanopia or hemianopia) [11, 15,
16]. Changes in pRNFL following an acquired occipital stroke
have been detected both within the first year post-stroke, and
then slowly progress over a period of several years [12, 13,
17]. A recent study by de Vries-Knoppert and colleagues on
patients with white matter damage following surgical partial
temporal lobe resection showed a linear association between
brain tissue volume loss and inner retinal layer atrophy, with
area of atrophy determined by the size of damage to the retina-
cortical projections. Importantly, results from this study sug-
gest the existence of different potential patterns of inner retinal
layer atrophy. Acquired retrograde trans-synaptic axonal degen-
eration secondary to small-size lesion is slow, restricted to the
damaged area of its retina-cortical projections and the atrophy
rate slows within a 3-month period. On the contrary, degenera-
tion due to large lesions continues for a prolonged time and
might radiate out of the area of immediate damage [18]. Thus,
in large lesions, the prolonged period of time might give room
to intervene with early visual rehabilitation interventions.

Thinning of the pRNFL, which corresponds to the crossed
and uncrossed projections, implies a loss of RGC but it is not
a direct measurement of cell atrophy. Interestingly, pPRNFL
thickness measurements vary in healthy population due to
some confounding factors, including age, refractive error and
ethnicity [19]. Objective measurements of macular layers,
including RGC layer, can be achieved with retinal segmen-
tation by means of SD-OCT analysis that have been dem-
onstrated to correlate with visual field loss in glaucoma and
other optic neuropathies [20-23]. SD-OCT analysis has been
recently used in case series [10, 16, 24] and in one larger study
[25] to demonstrate trans-synaptic retrograde degeneration
caused by brain lesions of different aetiologies, particularly
vascular and oncological injuries, in different locations from
the chiasm to the primary visual cortex. The pattern of RGC
loss showed the homonymous nature of the lesion, not evi-
denced by pRNFL thickness measurement alone, suggesting
that trans-synaptic retrograde retinal degeneration could be
better demonstrated by measuring the RGC layer thickness
across the macula, rather than the projection of their axons
in the peripapillary area. pRNFL and macular ganglion cell
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complex (GCC) thickness, as measured by SD-OCT, and
visual filed defect, as measured by automated perimetry, are
interrelated: the first ones shows the retinotopic pattern of
retrograde retinal degeneration, thus describing the structural
aspect of the damage; the second shows the part of visual field
to which the patients cannot respond due to his/her impair-
ment, thus describing the functional consequence of such
damage.

Stroke is the second-leading cause of death and the
third-leading cause of death and disability combined at
the global level [26]. The observed decrease in incidence
and improved survival has determined an increase in prev-
alence of stroke sequelae (estimated globally in 2019 at
1240/100,000), which is clearly larger than brain cancer
prevalence (estimated globally in 2019 at 13.5/100,000)
[27]. The retrograde trans-synaptic degeneration in stroke
survivors may be misdiagnosed and is likely underrated,
thus potentially leaving some patients without a complete
appraisal of their sequelae and, as a consequence, limit-
ing their access to tailored rehabilitation. In fact, as evi-
denced in a retrospective analysis [28], only a small minor-
ity of patients (9.6%) was referred to perimetry, and an
even smaller one (2.3%) was submitted to visual function
rehabilitation.

In this perspective, the present study aimed to quan-
tify the degree of retrograde trans-synaptic degeneration
of RGC and their axons at the peripapillary layer level
assessed by means of SD-OCT in stroke survivors, consid-
ering the influence of the extension of damaged vascular
territories (occipital vs. parieto-occipital) and type (ischae-
mic vs. haemorrhagic stroke), as well as the relationship
between the extent of posterior visual pathway damage and
the time elapsed from stroke and the age of the patients.
Results will increase the understanding of the consequences
of acquired brain lesion on visual functioning going beyond
the impact on visual functioning that depends on direct cor-
tical damage, with possible implication for vision restitution
and its rehabilitation.

Methods
Participants

For the present study, we have analysed data of consecu-
tive patients with radiologically confirmed ischaemic and
haemorrhagic stroke, who underwent a neuro-ophthalmo-
logical examination at the Neuro-Ophthalmology Service
of the IRCCS Istituto Auxologico Italiano between May
2012 and May 2014. Patients presenting visual field defects
secondary to stroke involving the post-geniculate pathway
(optic radiation or primary visual cortex) were included
in the study. Exclusion criteria were as follows: cerebral



Neurological Sciences

lesions involving the optic tract or the lateral geniculate
nuclei identified on a neuroradiological report and evi-
dence of a relative afferent pupillary defect; history or
evidence of retinal disease, retinal surgery, ocular trauma,
optic neuropathies, including glaucoma and ocular hyper-
tension; myopia equal to or greater than 6 diopters.

A control group of healthy volunteers was also recruited
from general population, all with no history or evidence of neu-
rological or ophthalmic disorders. All participants gave their
informed consent prior to their inclusion in the study, and the
study conforms to the World Medical Association Declaration
of Helsinki. The study, both with regard the retrospective analy-
sis on stroke patients and on the enrolment of control subjects,
was approved by the Ethical Committee of the IRCCS Istituto
Auxologico Italiano (protocol no. 2018_04_17_03).

Procedure

Patients and controls underwent a full neuro-ophthalmo-
logical examination that included visual field testing by the
Humphrey field analyser Swedish Interactive Threshold
Algorithm 30-2 (Carl Zeiss Meditec, Dublin, CA, USA)
and SD-OCT imaging (RTVue-100 Version 5.1, Optovue
Inc. Fremont, CA, USA). Visual field defects were quanti-
fied by mean deviation (MD, measured in dB) and pattern
standard deviation (PSD, measured in dB).

SD-OCT imaging was used to measure the pPRNFL and the
macular ganglion cell complex (GCC) thickness. The pPRNFL
thickness was measured in both eyes of each subject by optic
nerve head scan pattern protocol. This includes a 3-dimen-
sional optic disc scan for the definition of the disc margin-
based on computer-assisted determination of retinal pigment
epithelium endpoints, an optic nerve head scan to measure
the optic disc parameters and pRNFL thickness within an
area of diameter 4 mm, cantered on the predefined disc. The
measured average pPRNFL (pRNFL-AVG, measured in um)
thickness is automatically given for the total circle.

The GCC protocol was used to obtain measurements of
all macular area, from the inner limiting membrane to the
outer boundary of the inner plexiform layer by means of
1 horizontal line scan 7 mm in length (467 A scans) and
15 vertical line scans 7 mm in length (each 400 A scans)
at 0.5 mm intervals; the centre of the GCC scan is shifted
0.75 mm temporally to improve sampling of the temporal
periphery. One average and two pattern-based parameters
related to GCC loss were automatically calculated: average
GCC thickness (GCC-AVG, measured in pm); focal and
global loss volume (GCC-FLV and -GLV, both measured
in %). GCC-FLYV is the total sum of statistically significant
GCC volume loss divided by the GCC map area; GCC-GLV
represents the sum of negative fractional deviation in the
entire measurements area.

Neuroradiological exams were used to separate patients
according to damaged vascular territories (occipital vs.
parieto-occipital lobe) and to stroke type (ischaemic vs.
haemorrhagic).

Statistical analysis

One-way analyses of variance (ANOVA) was used to test
differences between stroke patients and controls for pPRNFL
and GCC parameters of the mean for right and left eye, i.e.
pRNFL-AVG (um), GCC-AVG (um), GCC-FLV (%) and
GCC-GLC (%). In order for the constant variance assump-
tion to be satisfied, the ANOVAs were performed on the log-
arithm of the peripapillary retinal nerve fibre layer thickness
in microns [10]. Two series of ANOVA were carried out,
the first comparing healthy controls and patients by dam-
aged vascular territory (i.e. occipital vs. parieto-occipital)
and the second comparing healthy controls and patients by
stroke type (ischaemic vs. haemorrhagic). Bonferroni’s post
hoc test was thus implemented when the group difference
reached the significance level, set at 0.05.

Then, multiple regression analyses were performed to
evaluate, among stroke patients, the relationship between
pRNFL-AVG, GCC-AVG, GCC-FLV and GCC-GLYV, and
(1) the log elapsed time in years; (2) MD and PSD calcu-
lated on the Humphrey field analyser. In each analysis, linear
age in years was used as a covariate since it is known that
the pRNFL and GCC thickness declines with age. A third
regression was performed to address the relationship between
SD-OCT parameters and age among healthy controls. The
logarithm of elapsed time was shown to provide a better fit
to the data than a linear or square root relationship [12]. The
assumptions underlying the multiple regression analyses were
checked by the study of the residuals and found to be satisfied.
A significance level of 0.05 was used throughout.

The Statistica Software (Statsoft, version 6.0) was used
to analyse the data.

Results

The stroke sample included 50 participants: 32 of them
were males (mean age=61.1+13.3 years, range =34-86);
the mean time elapsed from stroke was 34 + 64 months
(range = 1-348). Thirty-five patients (70%) presented with
damage in the parieto-occipital vascular territories; they
were approximately 8 years older and their distance from
stroke was 22 months longer. Fourteen (28%) suffered from
a haemorrhagic stroke and thirty-six (72%) from ischaemic
stroke; they were approximately 4 years younger and their
distance from acute event was almost 30 months longer. It has
to be noted that all patients affected by haemorrhagic stroke
reported damage in the parieto-occipital vascular territories.
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Out of the 50 patients herein included, 33 had homonymous
hemianopia and 28 of them had a complete one. The healthy
control group comprised 30 participants (18 males; mean age
58.0+13.9, range 2578 years). Table 1 reports demographic
and clinical data for healthy controls and stroke patients.

In stroke patients, mean MD was—13.6 dB (+-5.7;
range= —4.5 to—18.5 dB), PSD was 14.3 dB (+3.4;
range=3.1-17.2 dB); mean pRNFL-AVG was 95.6 um (+13.2;
range =63.7-126.8 um); mean GCC-AVG was 87.5 um
(£8.7; range=63.2-106.1 um); mean GCC-FLV was 3.1%
(£3.2; range =0-14%) and GCC-GLV was 11.9% (+7.4;
range =0.5-27.7%). Macular GCC thinning, which was local-
ized to the hemiretina corresponding to the affected visual field
defects, allowed to show the retinotopic pattern of retrograde
retinal degeneration in stroke patients. Please see Supplemen-
tary material (Figs. 1 and 2) for an example of visual field and
SD-OCT outputs of a case of post-stroke hemianopia.

Comparison between damages in occipital vs.
parieto-occipital vascular territories

Results from the ANOVA addressing differences between
controls and patients with damages in occipital or parieto-
occipital vascular territories are reported in Table 1. The
ANOVA showed a main effect of group for all parameters.

With regard to pRNFL-AVG, post hoc comparisons
showed a significant difference between controls and
patients with damage in parieto-occipital vascular territo-
ries (p =0.04); no differences were detected between con-
trols and patients with damages in occipital vascular ter-
ritories and between the two subgroups of stroke patients.
With regard to GCC-AVG, GCC-FLV and GCC-GLYV, post
hoc comparisons showed significant differences between
controls and both the two subgroups of stroke patients,
with no difference between the two last (p-values <0.003).

Comparison between damages due to ischaemic vs.
haemorrhagic stroke

Results from the ANOVA addressing differences between
controls and stroke patients who suffered ischaemic vs.
haemorrhagic stroke are reported in Table 1. The ANOVA
showed a main effect of group for all parameters. With
regard to pRNFL-AVG, post hoc comparisons showed
no difference. With regard to GCC-AVG, GCC-FLV and
GCC-GLYV, post hoc comparisons showed significant dif-
ferences between controls and both the two subgroups of
patients, with no difference between the two stroke groups
(p-values <0.001).

Table 1 Descriptive statistics and ANOVA with Bonferroni’s post hoc comparing healthy controls, patients with occipital and parieto-occipital
lesions, as well as healthy controls, patients with sequelae of ischaemic and haemorrhagic stroke

Healthy Stroke site Stroke type
controls
Occipital lesions Parieto-occipital ANOVA F; Bonferroni’s Ischaemic stroke Haemorrhagic =~ ANOVA F;  Bonferroni’s
lesions p-value post hoc stroke p-value post hoc
N 30 15 35 36 14
Age (years) 58.0+13.9 52.7+14.9 60.5+12.7 62.2+12.5 584+13.3
Time from - 19.6+29.9 41.4+79.7 26.8+50.6 55.6+102.2
stroke
(months)
MD (dB) - -16.6+-7.5 —124+-4.1 —-143+-6.0 -11.8+-4.0
PSD (dB) - 13.6+3.4 145+32 142432 143+34
pRNFL-AVG 102.6£10.1 97.0+12.1 948+13.7 F,,;=3.2 HC vs. P-Oc 96.0+13.2 94.1+134 F,,,=32 None
(um) p=0.05 (p=0.04) p=0.05
GCC-AVG 97.3+2.6 89.8+7.2 86.7+88 F,,;=19.3 HC vs. Oc 88.3+7.9 85.8+9.9 F,;,=186 HCvs.IS
(um) p<0.001 (p<0.001) p<0.001 (p<0.001)
HC vs. P-Oc HC vs. HS
(p=0.003) (»p<0.001)
GCC-FLV 0.6+0.5 2.6+2.5 35+32 F,;;=153 HC vs. Oc 3.1+£3.0 37432 F,;,=152 HCvs.IS
(%) p<0.001 (p=0.001) p<0.001 (p=0.001)
HC vs. P-Oc HC vs. HS
(p<0.0001) (p=0.001)
GCC-GLV 3718 9.7+6.2 127+74  F,7;=162 HC vs. Oc 11.2+6.5 135£86 F,7;;=157 HCvs. IS
(%) p<0.001 (p=0.01) p<0.001 (p<0.001)
HC vs. P-Oc HC vs. HS
(p<0.001) (p<0.001)

MD, mean deviation; PSD, pattern standard deviation; pRNFL-AVG, average peripapillary retinal nerve fibre layer; GCC-AVG, average ganglion
cell complex; GCC-FLYV, focal loss volume of the GCC; GCC-GLYV, global loss volume of the GCC; HC, healthy controls; Oc, occipital lobe
lesion; P-Oc, parieto-occipital lobe lesion; 1S, ischaemic stroke; HS, haemorrhagic stroke
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Effect of elapsed time from stroke, age and visual
field defect on pRNFL and GCC among stroke
patients

Tables 2 and 3 report multiple regression analyses address-
ing, respectively, the joint effect of age and elapsed time from
stroke on pRNFL and GCC parameters, and the age-adjusted
effect of visual field defect on pRNFL and GCC parameters.
Taken as a whole, the models show that the degree of optic
nerve degeneration, as defined by pRNFL and GCC param-
eters, is predicted by chronological age and elapsed time from
stroke (Table 2), but not by visual field defect, defined by both
the MD and the PSD in both eyes (Table 3).

Effect of age on pRNFL and GCC among healthy
controls

Finally, for the control group linear regressions were performed
with age as an independent factor and the pRNFL and GCC
parameters in both eyes as dependent variables (Table 4). These
analyses show that in healthy individuals, the age is associated with
PRNFL-AVG, but not with GCC-AVG, GCC-FLV or GCC-GLV.

Discussion

Acquired unilateral ischaemic or haemorrhagic damage fol-
lowing either a circumscribed occipital stroke or a stroke
affecting both the occipital and the parietal vascular territo-
ries, responsible of a contralateral homonymous visual field
loss, is associated with reduction of both pRNFL and macular
GCC thickness as measured by different parameters derived by

Table 3 Effect of visual field defect on pRNFL and GCC parameters
in stroke patients

Covariates  Slope (95% Beta

CI)

t, p-value

-0.06
(=0.62 t0 0.5)

0.17
(-0.80 to
1.15)

-0.05
(=042 to
0.32)

0.36
(=027 to
0.99)

-0.07
(=021 to
0.08)

0.11
(=0.14 to
0.37)

0.03

(—0.28 to
0.34)

—021

(=0.75to
0.32)

pRNFL-AVG MD -0.02 -021,p=038

PSD 0.05 0.36, p=0.7

GCC-AVG MD -0.03 -0.29,p=07

PSD 0.13 1.16,p=0.3

GCC-FLV MD -0.013 -097,p=03

PSD 0.12 0.93,p=04

GCC-GLV MD 0.03 0.22,p=0.8

PSD -0.1 -0.82,p=04

MD, mean deviation; PSD, pattern standard deviation; pRNFL-AVG,
average peripapillary retinal nerve fibre layer; GCC-AVG, average
ganglion cell complex; GCC-FLV, focal loss volume of the GCC;
GCC-GLYV, global loss volume of the GCC

means of SD-OCT analysis. These results confirm, in a large
cohort of patients with posterior visual pathway lesion due to
stroke, the occurrence of thinning of macular GCC, which has

Table 2 Effect of elapsed time

from stroke and age on pRNFL Covariates Slope (95% CI) Beta t, p-value
and GCC parameters in stroke pRNFL-AVG  Time elapsed since stroke (log years) ——8.17 —042 —3.89, p=0.0003
patients (-12.40to—3.94)
Age (years) -0.54 —-0.54 —4.99, p=0.0001
(—0.76 to—0.32)
GCC-AVG Time elapsed since stroke (log years) —3.51 -0.28 —2.58,p=0.01
(—=6.24t0-0.77)
Age (years) —-0.39 -0.62 —-5.62,p=0.0001
(—=0.53t0—-0.25)
GCC-FLV Time elapsed since stroke (log years) 1.60 0.36 3.01, p=0.004
(0.53t0 2.67)
Age (years) 0.11 0.47 4.01, p=0.0002
(0.05 t0 0.16)
GCC-GLV Time elapsed since stroke (log years) 3.12 0.30 2.74, p=0.01
(0.83 t0 5.42)
Age (years) 0.33 0.62 5.65, p=0.0001

(0.21 t0 0.45)

PRNFL-AVG, average peripapillary retinal nerve fibre layer; GCC-AVG, average ganglion cell complex;

GCC-FLYV, focal loss volume of the GCC; GCC-GLYV, global loss volume of the GCC
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Table4 Effect of age on pRNFL and GCC parameters in healthy controls

Covariates  Slope (95% Beta

CD)

t, p-value

pRNFL-AVG Age (years) —0.30
(=0.54

to—0.04)

—-0.05
(=0.11 to
0.02)

—0.001
(—=0.015 to
0.013)

—0.001
(—=0.05 to
0.05)

041  —2.37,p=0.03

GCC-AVG  Age (years) —027 —147,p=02

GCC-FLV Age (years) -0.01 —0.06, p=0.9

GCC-GLV Age (years) —-0.005 -0.01,p=0.09

PRNFL-AVG, average peripapillary retinal nerve fibre layer; GCC-
AVG, average ganglion cell complex; GCC-FLV, focal loss volume of
the GCC; GCC-GLYV, global loss volume of the GCC

not systematically been addressed or observed in heterogene-
ous populations or in case series [10, 16, 17, 24, 25]. Macular
GCC analysis appears to have higher ability in detecting retro-
grade trans-neuronal retinal degeneration than pRNFL, whose
measurements varied in neurologically healthy individuals as
an effect of ageing, as shown in the present study and also pre-
viously suggested by Kim and colleagues [19]. Thinning of
all retinal parameters occurred independently of the type of
stroke, ischaemic or haemorrhagic, and reduction of pRNFL
was influenced by the affected vascular territory, being signifi-
cantly reduced among patients with lesions in parieto-occipi-
tal vascular territories contrasted to healthy controls, but not
among those with lesion confined to occipital vascular territory.
The GCC protocol was used to obtain the macular measure-
ments of the inner retinal thickness which includes the nerve
fibre layer, ganglion cell layer and inner plexiform layer gen-
erating one average and two pattern parameters. The average
and pattern parameters did not differ between the two patients’
subgroups (damaged vascular territories and stroke type).
Macular GCC thinning, which is localized to the portion of
retina corresponding to the affected visual field defects, allows
to show and quantify the retinotopic pattern of trans-synaptic
retrograde degeneration in stroke patients. The findings of
our study support the use of SD-OCT to measure macular
GCC thickness as a reliable imaging marker of retrograde
trans-synaptic degeneration in the visual pathway after stroke.
Our study also confirmed the existence of a negative rela-
tionship between every pRNFL and GCC indexes and the
elapsed time since stroke (in log years), after adjusting for
age. In line with previous evidence [12], pRNFL-AVG has
a rate of decline of 8.17 um per log year; the GCC-AVG
decreases by 3.5 um per log year. This decline differs from
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the rate of thinning found in healthy controls that showed a
pRNFL decrease by ~0.3 um with each year of age but not
significantly changes for GCC measurements. Such evidence
is suggestive of a decelerating rate of loss in stroke patients,
regardless of the stroke type and site, which differs from the
rate of decline found with chronological age (see also [12]).

The size of visual field loss, as indexed by MD and PSD, did
not predict the pRNFL and GCC thickness. This result could
indicate that the amount of RGC degeneration is influenced
by the occurrence of the damage in occipital vascular terri-
tory, whereas the additional involvement of the parietal one had
no impact. Another explanation could be that the visual field
defects in our series were all very similar with a larger number
of complete homonymous hemianopia compared to localized
defect (homonymous quadrantanopia or scotoma). In fact, 33
out of 50 patients herein included had homonymous hemiano-
pia, of whom 28 had complete ones. Furthermore, in contrast to
the study of Keller and colleagues [16], which showed the cor-
respondence between visual field quadrant parameters and areas
of macular atrophy in a small cases series of eight patients (of
whom, five with stroke sequelae), our study included a tenfold
larger group of stroke patients.

It has been suggested that stroke patients with small field
defects due to acquired occipital lesions had less amount of
retinal nerve fibre layer thinning and tended to have stable
results and to show greater visual recovery [12]. These can
be due to less sensitivity of pRNFL analysis to detect some
small changes of magnitude. Our data suggest that retrograde
trans-neuronal degeneration can be better demonstrated by
measuring the RGC layer thickness across the macula, rather
than the projection of their axons within the pRNFL. Map-
ping between lesions in the posterior visual pathway and their
retinal projection can be used to justify a possible mechanism
that helps explain functional consequences and permanent
visual impairment. In cases with lesions circumscribed to
the retrogeniculate pathway, among factors contributing to
variability in the amount of retinal degeneration, it could also
be implicated that there is a protective mechanism mediated
by surviving neurons in spared regions of the visual pathway.

Visual field defects adversely affect daily life activities, such
as reading and driving. Visual field testing must therefore be
performed in all patients with lesions of the visual pathway,
and early testing is of paramount importance in order to plan
rehabilitation of visual function. In fact, the recovery of visual
functions after injury occurring in adulthood is scarce but pos-
sible, in particular in the first few weeks after the insult, with
10% to 50% of patients achieving at least a partial recovery [29,
30]. In addition to this, the results of Schneider and colleagues
[31] showed that residual visual cortex activity in response to
blind field stimulation in the acute phase post-stroke predicts
the degree of retinal GCC thinning 6 months later. These find-
ings indicate an activity-dependent survival of retinal ganglion
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cells after ischaemic damage to the geniculostriate pathway,
thus opening to possible therapeutic interventions.

Current approaches for post-stroke visual rehabilitation
are still unsatisfactory. For instance, a retrospective analysis
showed that only 9.6% of patients with stroke sequelae were
referred to perimetry, and very few patients (2.3%) were sub-
mitted to visual function rehabilitation [28]. However, as shown
in a prospective study, 46.7% of the patients who underwent a
visual rehabilitation showed at least a partial improvement over
a period of time comprised between 2 and 12 weeks [32]. Such
a study included patients who received a variety of treatments
(including visual search training, visual awareness, typoscopes,
substitutive prisms, low vision aids, refraction and occlusive
patches). In this context, the present findings are of relevance
showing the need of an in-depth neuro-ophthalmological exam-
ination of post-stroke visual field defect, in order to address a
so far neglected issue, namely the potential impact of retinal
degeneration to functional adaptation to visual field loss and
responses to different type of treatments.

Our study presents some limitations. First, the inputs on the
effect of age and of distance from acute event have also been
taken with caution due to the cross-sectional design. Second,
the sample was entirely drawn from a single centre, with a
specific expertise in the diagnosis of complex neuro-ophthal-
mological conditions. The degree to which the features of this
sample is comparable to that of patients showing visual field
defects due to stroke cannot be ascertained. Third, we did not
have specific information on the main risk factors for stroke
(e.g. hypertension, cigarette smoking, excessive alcohol con-
sumption, inadequate diet and physical activity or diabetes)
[33]. Moreover, it is unclear whether known risk factors, which
account up to 90% of the population-attributable risk of stroke
[34], might exert any role on retrograde retinal ganglion cell
degeneration. A specific study is needed to ascertain the pres-
ence of such a relationship and whether risk factors impact only
the development of degeneration, only on its progression, or
whether they might impact on both development and progres-
sion of retrograde retinal ganglion cell degeneration. Fourth,
we have no information on thrombolytic therapy implemented
in the acute phase for those patients who attended emergeny
department: thus, we cannot explore its potential impact on
visual outcome. The influence of thrombolytic therapy on vis-
ual field recovery and retinal degeneration deserves attention
in future studies.

Conclusions

In conclusion, the results of this study show that thinning
of SD-OCT parameters occurs independently of the type of
stroke, it is influenced by the extend of the cortical injury
and it is related to time elapsed from the acute event. Macu-
lar GCC thinning appeared to be more sensitive than pRNFL

in detecting retrograde retinal ganglion cell degeneration and
its retinotopic pattern in stroke.

These results are of importance in relation to the early
detection and monitoring of visual field defects in stroke sur-
vivors. Early treatments might prevent, or at least circum-
scribed, retinal degeneration, in turn improving visual restitu-
tion. So far, there is no evidence on whether and how visual
rehabilitation could impact also on retinal functioning, and in
turn the role of retina integrity in visual field recovery. Post-
stroke rehabilitation of visual functions is of great importance
to generate and test hypotheses about therapeutic interven-
tions. For instance, addressing the potential role of risk factors
for stroke on retrograde retinal ganglion cell degeneration will
be of relevance to test new neuroplasticity-enhancing drugs.
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