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ABSTRACT
Background: Retrograde trans-synaptic degeneration (RTSD) refers to the progressive loss of retinal cells following damage to 
the post-geniculate visual pathway. The advent of optical coherence tomography (OCT) has allowed the measurement and quan-
tification of retinal layers, in turn providing compelling evidence of RTSD in stroke patients and highlighting that assessing the 
temporal and functional evolution of RTSD has important clinical implications.
Methods: We conducted a systematic review up until 7th July 2025 to summarize the OCT evidence on post-stroke RTSD. 
Eligible articles on this topic were searched in PubMed, Web of Science, and Scopus databases. Twenty-eight papers, involving 
888 patients and 624 healthy controls, were included, and their results were systematically described and qualitatively analyzed.
Results: Overall, literature shows that RTSD is a frequent outcome of post-chiasmatic strokes. RTSD is operationalized by meas-
uring the thickness of the peripapillary retinal nerve fiber and macular layers. The latter appears to be a more robust structural 
biomarker, showing more consistent findings across studies, with its magnitude better correlating with patients' visual field 
defects. RTSD starts early after the stroke's onset and progresses for several years, with severity depending on lesion location and 
extension. Future investigations are needed to draw more robust conclusions on RTSD temporal dynamics, clarifying the relation 
between structural and functional loss.
Conclusions: Current literature highlights the need to consider the RTSD among the primary outcomes of post-chiasmatic 
stroke, given its implications on clinical management and neurorehabilitation, making the longitudinal assessment of this de-
generative process crucial for prevention.

1   |   Introduction

Stroke is the second leading cause of death and the third lead-
ing cause of combined death and disability worldwide [1]. 

Acquired lesions of the post-chiasmatic visual pathways fol-
lowing stroke, traumatic brain injury, or tumors can result in 
visual field loss such as homonymous hemianopia or quadran-
tanopia, that is, a complete or partial loss of the contralesional 
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visual hemifield in both eyes. These impairments profoundly 
impact daily functioning, interfering with activities such as 
reading, driving, visual searching, and spatial orientation 
[2, 3].

A growing body of evidence has shown that lesions of the 
central visual pathways, in addition to the primary visual 
field defect, also cause retinal degeneration, further damag-
ing patients' vision. This phenomenon, known as retrograde 
trans-synaptic degeneration (RTSD), involves the progres-
sive loss of retinal ganglion cells following disruption of their 
post-synaptic targets [4–6] (Figure  1). Unlike pre-geniculate 
lesions, which cause direct retrograde degeneration of retinal 
axons and cell bodies, post-geniculate lesions lead to indirect 
degeneration through trans-synaptic mechanisms. This pro-
cess is thought to result from the deprivation of neurotrophic 
support and trans-synaptic signaling. Survival of retinal gan-
glion cells may depend on stimulus-evoked activity in the 
primary visual cortex (V1), possibly via direct effects [7], but 
more likely through indirect mechanisms, mediated by the 

integrity of intermediate neurons in the dorsal lateral genic-
ulate nucleus (LGN).

RTSD was initially described in animal models after occipital 
lobectomy [6, 8, 9]. In humans, early histopathological evi-
dence came from rare congenital cases after surgical resection 
of the occipital lobe [5]. However, it remained debated whether 
and to what extent RTSD occurs in adults with acquired post-
chiasmatic lesions, since optic atrophy was not consistently ob-
served [10]. The advent of optical coherence tomography (OCT) 
has enabled the non-invasive investigation of this phenomenon.

Introduced in the early 1990s [11], OCT is a non-invasive imag-
ing technique that gives high-resolution cross-sectional images 
of the retina by analyzing light backscattered from different 
retinal layers. Initial studies using OCT to investigate RTSD 
after stroke focused on measuring reduction in the thickness 
of the peripapillary retinal nerve fiber layer (pRNFL)—com-
posed of unmyelinated retinal ganglion cells axons converging 
to the optic nerve head e.g., [12]. With subsequent technology 

FIGURE 1    |    Schematic representation of the visual pathway and post-stroke retinal retrograde trans-synaptic degeneration (RTSD). The present 
review focuses exclusively on RTSD following post-chiasmatic lesions (i.e., lesions at the level of the primary visual cortex, optic radiation, or lateral 
geniculate nucleus).
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advances, it became possible to segment the macular layers, 
including the ganglion cell layer (GCL) and the inner plexi-
form layer (IPL) (Figure  2). According to the specific OCT 
model, distinct segmentation algorithms and analysis pro-
tocols for retinal layer quantification can be implemented. 
In detail, time-domain OCT (TD-OCT), the earliest genera-
tion, provided total macular thickness measurements with-
out true layer differentiation, due to limited axial resolution 
(~10–15 μm). In contrast, spectral-domain OCT (SD-OCT) is 
characterized by higher resolution (~5–7 μm) and automated 
segmentation software capable of isolating specific inner ret-
inal layers, that is, the ganglion cell–inner plexiform layer 
(GC-IPL), the ganglion cell complex (GCC)—including the 
RNFL, GCL, and IPL, or the broader inner retinal layer (IRL) 
– including the GCC and inner nuclear layer (INL) (Figure 2). 
Again, swept-source OCT (SS-OCT) has improved penetration 
depth and signal-to-noise ratio, enabling more accurate de-
lineation of deep retinal boundaries and volumetric analysis 
(e.g., focal volume loss—FLV and global volume loss—GLV). 
Such analyses allow detailed topographic mapping of retinal 
thickness and volume, facilitating the identification of retino-
topic damage patterns. Finally, OCT angiography (OCT-A) al-
lows the non-invasive visualization of retinal and choroidal 
vasculature [14].

Given these advantages, OCT is considered the gold-standard 
technique for investigating retinal and optic nerve-related 

pathologies, including RTSD [15, 16]. Although the use of 
OCT to explore RTSD in acquired cerebral lesions is steadily 
increasing, a systematic review on this topic is still lacking, 
at variance with similar works in other neurological diseases, 
where systematic analyses on retinal OCT-derived parameters 
have already been conducted [14, 17–19]. The present work 
aims to summarize the current state of the art on OCT as-
sessment of RTSD in post-stroke patients, by reviewing find-
ings on peripapillary and macular parameters, the temporal 
course of degeneration, the influence of stroke characteristics, 
the impact on visual function, and the potential implications 
for rehabilitation.

2   |   Methods

We conducted our systematic review in accordance 
with evidence-based criteria provided by the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA 2020) guidelines. We registered it on 
PROSPERO (International Prospective Register of Systematic 
Reviews—CRD420251134938).

We systematically searched eligible articles on RTSD in the 
PubMed, Web of Science, and Scopus databases. The follow-
ing search string was applied: ‘(optical coherence tomography) 
AND ((visual system) OR (vision) OR (occipital) OR (thalamus) 

FIGURE 2    |    (a) Representative OCT fundus image showing the macular and peripapillary regions. (b) Segmentation of the principal macular lay-
ers as assessed through OCT (adapted from [13]). RNFL= retinal nerve fiber layer; GCL= ganglion cell layer; IPL= inner plexiform layer; INL= inner 
nuclear layer; OPL= outer plexiform layer; ONL= outer nuclear layer. (c) Schematic representation of the retinal structure.
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OR (retina)) AND ((stroke) OR (cerebral infarction) OR (ictus))’. 
No filters regarding publication location or age group of partici-
pants were selected in the search process. Literature search was 
conducted on 7th July 2025.

Two researchers (FC, GG), blinded to each other's choices, in-
dependently extracted and selected articles, using Rayyan, an 
online platform for systematic reviews [20]. Disagreements on 
the eligibility of a study were resolved by consensus after article 
screening and selection. Across the three databases, the search 
yielded 976 papers, which were reduced to 656 after duplicate 
removal. We subsequently excluded studies that did not fit the 
aim of the present review. Specifically, we excluded studies if 
they met at least one of the following criteria:

–	 Reviews, meta-analyses, or conference abstracts;

–	 Studies conducted on animal models or in  vitro 
investigations;

–	 Studies using OCT-A focusing exclusively on vascular 
measurements;

–	 Methodological papers addressing OCT parameters, seg-
mentation algorithms, artificial intelligence/deep learning 
approaches to optimize OCT data acquisition;

–	 Predictive studies investigating retinal changes as markers 
of future stroke;

–	 Studies on pharmacological interventions targeting the eye 
or visual system;

–	 Studies investigating pathologic conditions other than ret-
rochiasmatic stroke, including;
•	 Non-vascular conditions:
•	 Strokes not involving the posterior cerebral artery (PCA) 

territory, thalamus, or occipital cortex, or studies focus-
ing solely on white matter hyperintensities in the ab-
sence of cortical lesions;

•	 Maculopathies or non-retrograde retinal degenerations;
•	 Case studies on rare genetic or mitochondrial diseases;

–	 Studies not written in English;

–	 Studies not published in peer-reviewed journals.

After a full-text eligibility assessment, we excluded 623 articles. 
A total of 28 papers (24 studies on a clinical population and 4 
single-case reports) met the inclusion criteria and were included 
in the qualitative analysis. The PRISMA flowchart is shown in 
Figure 3.

For each included study, the following data were extracted 
and systematically recorded by two reviewers (FC, GG): au-
thors and year of publication; main aim; sample demograph-
ics; study design; clinical characteristics (lesion type, site, and 
timing); visual deficits and OCT model. Table 1 summarizes 
the extracted data. Due to methodological heterogeneity (see 
Table  1), statistical analyses on the extracted data were not 
conducted. Table S1 reports the OCT-related dependent vari-
ables analyzed among reviewed studies. We used the PRISMA 
2020 reporting guideline [21] to draft this manuscript, and the 
PRISMA 2020 reporting checklist when editing, included in 
the Supporting Information.

3   |   Results

The reviewed studies included 888 patients and 624 healthy con-
trols. We report the demographics and clinical characteristics 
of participants in Table 1. Regarding OCT devices, the majority 
of the studies employed SD-OCT (n = 17), followed by SS-OCT 
(n = 6), TD-OCT (n = 2), and OCT-A (n = 1). Two single-case re-
ports did not specify the OCT device used. With respect to pri-
mary OCT outcomes related to RTSD, 13 studies reported both 
macular and peripapillary layers, 5 measured only the pRNFL, 
and 9 considered solely macular thickness (i.e., mRNFL, GCC, 
GC-IPL, or IRL). Only 2 studies measured macula's volume-
related variables, that is, macular focal loss volume (FLV) and 
global loss volume (GLV), and one single-case report did not de-
scribe quantitative data (See Table S1). Furthermore, 11 studies 
provided layer thickness data divided by sectors. Sector-specific 
thickness values, including significant differences, are reported 
in Table S2.

3.1   |   RTSD in Post-Chiasmatic Stroke

3.1.1   |   Peripapillary Retinal Nerve Fiber Layer 
(pRNFL)

Eighteen studies measured the pRNFL thickness in patients 
with post-chiasmatic lesions (Table  S1). Among those with a 
matched control group (Table  2), most reported a significant 
pRNFL thinning in patients compared with healthy partici-
pants. The reduction involved both the ipsilateral and the con-
tralateral eyes relative to the lesion, with highly significant 
differences (i.e., p < 0.001 in several studies) [12, 22–25]. These 
findings are consistent with those studies that did not include a 
control group –such as those comparing RTSD in patients with 
and without visual field defects, or single-case reports—which 
also demonstrated global pRNFL thinning [13, 26–31]. Some ex-
ceptions were observed: Bianchi Marzoli et al. (2023) reported 
that pRNFL thinning varied according to the affected vascular 
territory—significant differences compared with controls were 
found only in patients with parieto-occipital lesions but not oc-
cipital ones [32]. Differently, Cavanaugh et al. (2021) and Herro 
& Lam (2015) found no significant differences in pRNFL thick-
ness [33, 34].

Ten studies further analyzed pRNFL thinning by sectors, 
quadrants, or clock-hour divisions (Table  S2). Most of these 
works reported significant sectorial thinning, with changes 
in distribution patterns depending on the eye, ipsilateral or 
contralateral to the lesion side. Specifically, in ipsilateral eyes, 
thinning predominantly involved the temporal and supero–/
infero-temporal sectors [12, 13, 22, 23, 25, 28, 29], consistent 
with the involvement of the uncrossed optic chiasm fibers. In 
contralateral eyes, thinning was more frequently observed in 
the nasal sectors [12, 22, 25], reflecting the degeneration of 
crossed optic chiasm fibers. However, results were not entirely 
consistent across studies. For instance, Rashid et  al. (2021) 
described predominant thinning in the superior and inferior 
sectors, with no involvement of temporal or nasal regions [27]; 
Goto et al. (2016) and Gunes et al. (2016) reported no signif-
icant differences in the nasal quadrants of contralateral eyes 
[23, 24], and Yamashita et al. (2012, 2016) observed variable, 
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and not always significant, thinning in nasal sectors of con-
tralateral eyes [28, 29].

3.1.2   |   Macular Layer Thickness

Macular layer measurements were reported in 21 studies, 
but with notable heterogeneity in the parameters assessed. 
Specifically, 12 studies focused on the GC-IPL, 10 on the GCC, 
7 on the RNFL, and only one on the GCL and IRL (Table S1). 
Despite this variability, most studies documented significant 
thinning in one or more macular layers in patients compared 

with controls. However, a few exceptions were reported, e.g., 
[35, 36] (Table  2). These findings are consistent with reports 
that did not include a healthy control group—such as single-
case reports or longitudinal investigations—which also consis-
tently demonstrated macular layer thinning in stroke patients 
[13, 26, 27, 29, 31, 34, 36–39].

Nine studies further analyzed macular segmentation by nasal 
and temporal sectors (Table S1). Across these, a consistent pat-
tern emerged: thinning was typically observed in the temporal 
sector of the eye ipsilateral to the lesion and in the nasal sector 
of the contralateral eye when comparing both eyes of the same 

FIGURE 3    |    PRISMA flowchart illustrating the literature search and selection process for systematic review.

 14681331, 2026, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.70566 by C

ochraneItalia, W
iley O

nline L
ibrary on [06/04/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



6 of 20 European Journal of Neurology, 2026

T
A

B
L

E
 1

    
|    

S
um

m
ar

y 
of

 e
xt

ra
ct

ed
 d

at
a.

St
ud

y 
ty

pe
A

rt
ic

le

Sa
m

pl
e

E
xp

er
im

en
ta

l d
es

ig
n

St
ro

ke
 t

yp
e

St
ro

ke
 s

it
e

T
im

e 
fr

om
 s

tr
ok

e
V

is
ua

l d
ef

ic
it

s
O

C
T

 m
od

el
P

at
ie

nt
s

H
ea

lt
hy

 c
on

tr
ol

s

Po
pu

la
tio

n 
st

ud
y

Ji
nd

ha
ra

 
et

 a
l. 

(2
00

9)
26

22
 (m

ed
ia

n 
45

 ye
ar

s)
C

ro
ss

-s
ec

tio
na

l
N

/A
R

et
ro

ge
ni

cu
la

te
 p

at
hw

ay
C

hr
on

ic
 (r

an
ge

: 
0.

3–
67

 ye
ar

s)
19

 a
cq

ui
re

d 
ho

m
on

ym
ou

s 
he

m
ia

no
pi

a
7 

co
ng

en
ita

l 
ho

m
on

ym
ou

s h
em

ia
no

pi
a

TD
-O

C
T

Ji
nd

ha
ra

 
et

 a
l. 

(2
01

2)
38

 (5
9.

92
 ye

ar
s)

 
cr

os
s-

se
ct

io
na

l +
 11

 
lo

ng
itu

di
na

l

23
 (4

3 y
ea

rs
)

C
ro

ss
-s

ec
tio

na
l 

+
 L

on
gi

tu
di

na
l 

(1
1 

pa
tie

nt
s)

C
ro

ss
-s

ec
tio

na
l: 

N
/A

Lo
ng

itu
di

na
l: 

is
ch

em
ic

 (N
 =

 10
), 

ha
em

or
ra

gi
c 

(N
 =

 1)

C
ro

ss
-s

ec
tio

na
l: 

N
/A

Lo
ng

itu
di

na
l: 

re
tr

og
en

ic
ul

at
e 

pa
th

w
ay

 
(N

 =
 10

), 
th

al
am

ic
 (N

 =
 1)

M
ix

ed
(r

an
ge

: 
6 d

ay
s—

67
 ye

ar
s)

C
ro

ss
 se

ct
io

na
l: 

N
/A

Lo
ng

itu
di

na
l: 

7 
ho

m
on

ym
ou

s 
he

m
ia

no
pi

a 
+

4 
sm

al
le

r 
ho

m
on

ym
ou

s V
F 

de
fe

ct
s

TD
-O

C
T

Ya
m

as
hi

ta
 

et
 a

l. 
(2

01
2)

3 
(2

 M
, 6

8.
3 y

ea
rs

)
N

/A
Se

ri
es

 o
f c

as
e 

re
po

rt
s

Is
ch

em
ic

PC
A

C
hr

on
ic

(r
an

ge
: 

12
–3

6 m
on

th
s)

H
om

on
ym

ou
s 

he
m

ia
no

pi
a

SD
-O

C
T

Pa
rk

 e
t a

l. 
(2

01
3)

46
 (2

4 M
, 

55
.1

7 ±
 15

.2
6 y

ea
rs

)
46

 (2
1 M

, 
53

.4
 ±

 13
.8

4 y
ea

rs
)

C
ro

ss
-s

ec
tio

na
l

Is
ch

em
ic

PC
A

 (N
 =

 17
)

M
C

A
 (N

 =
 21

)
A

C
A

 (N
 =

 8)

M
ix

ed
(r

an
ge

: 
1–

30
0 m

on
th

s)

N
/A

SD
-O

C
T

H
er

ro
 &

 
La

m
 (2

01
5)

9 
(8

 M
, 6

5.
2 y

ea
rs

)
N

/A
R

et
ro

sp
ec

tiv
e

Is
ch

em
ic

R
et

ro
ge

ni
cu

la
te

 p
at

hw
ay

M
ix

ed
H

om
on

ym
ou

s 
he

m
ia

no
pi

a
SD

-O
C

T

A
nj

os
 e

t a
l. 

(2
01

6)
12

 (7
 M

, 
66

.6
 ±

 12
.7

 ye
ar

s)
12

 (3
 M

, 
59

.1
 ±

 13
.3

6 y
ea

rs
)

C
ro

ss
-s

ec
tio

na
l

Is
ch

em
ic

PC
A

 te
rr

ito
ry

M
ix

ed
(r

an
ge

: 
3–

15
6 m

on
th

s)

H
om

on
ym

ou
s 

he
m

ia
no

pi
a

SD
-O

C
T

G
ot

o 
et

 a
l. 

(2
01

6)
7 

(3
 M

, 
65

.7
 ±

 12
.4

 ye
ar

s)
49

 (1
5 M

, 
63

.2
 ±

 7.
9 y

ea
rs

)
Lo

ng
itu

di
na

l
Is

ch
em

ic
 (N

 =
 6)

H
ae

m
or

rh
ag

ic
 

(N
 =

 1)

PC
A

 (N
 =

 6)
R

et
ro

ge
ni

cu
la

te
 

pa
th

w
ay

 (N
 =

 1)

C
hr

on
ic

(r
an

ge
: 

3.
5–

19
8.

4 m
on

th
s)

2 
In

fe
ri

or
 q

ua
dr

an
ta

no
pi

a
3 

co
m

pl
et

e 
he

m
ia

no
pi

a
2 

in
co

m
pl

et
e 

he
m

ia
no

pi
a

SD
-O

C
T

G
un

es
 e

t a
l. 

(2
01

6)
45

 (2
5 M

, 
61

.6
 ±

 12
.4

 ye
ar

s)
45

 (2
8 M

, 
59

.6
 ±

 11
.8

 ye
ar

s)
C

ro
ss

-s
ec

tio
na

l
Is

ch
em

ic
PC

A
M

C
A

C
hr

on
ic

(m
ea

n:
 

20
.2

 ±
 29

.1
 m

on
th

s)

N
/A

SD
-O

C
T

Ya
m

as
hi

ta
 

et
 a

l. 
(2

01
6)

7 
(3

 M
, 6

2.
4 y

ea
rs

)
N

/A
C

ro
ss

-s
ec

tio
na

l
Is

ch
em

ic
H

ae
m

or
rh

ag
ic

PC
A

C
hr

on
ic

(r
an

ge
: 1

–7
.7

 ye
ar

s)
6 

ho
m

on
ym

ou
s 

he
m

ia
no

pi
a

1 
qu

ad
ra

nt
an

op
ia

SD
-O

C
T

Ya
m

as
hi

ta
 

et
 a

l. 
(2

01
8)

19
 (9

 M
, 6

0.
5 y

ea
rs

)
56

 (3
0 M

, 
56

.2
 ye

ar
s)

C
ro

ss
-s

ec
tio

na
l

N
/A

R
et

ro
ge

ni
cu

la
te

 
pa

th
w

ay
 (u

ni
la

te
ra

l)
M

ix
ed

(r
an

ge
: 0

.0
8–

8 y
ea

rs
)

H
om

on
ym

ou
s 

he
m

ia
no

pi
a

SS
-O

C
T

Sc
hn

ei
de

r 
et

 a
l. 

(2
01

9)
15

 (1
1 M

, 6
3.

7 y
ea

rs
)

N
/A

Pr
os

pe
ct

iv
e

N
/A

R
et

ro
ge

ni
cu

la
te

 p
at

hw
ay

:
O

cc
ip

ita
l (

N
 =

 9,
 1

 
bi

la
te

ra
l, 

5 
ri

gh
t, 

3 
le

ft)
O

cc
ip

ita
l +

 ot
he

r l
ob

es
 

(N
 =

 6,
 1

 b
ila

te
ra

l, 
2 

ri
gh

t, 
3 

le
ft)

M
ix

ed
(m

ea
n:

 1
0.

1 m
on

th
s)

12
 h

om
on

ym
ou

s 
he

m
ia

no
pi

a
3 

qu
ad

ra
nt

an
op

ia

SD
-O

C
T

(C
on

tin
ue

s)

 14681331, 2026, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.70566 by C

ochraneItalia, W
iley O

nline L
ibrary on [06/04/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



7 of 20European Journal of Neurology, 2026

St
ud

y 
ty

pe
A

rt
ic

le

Sa
m

pl
e

E
xp

er
im

en
ta

l d
es

ig
n

St
ro

ke
 t

yp
e

St
ro

ke
 s

it
e

T
im

e 
fr

om
 s

tr
ok

e
V

is
ua

l d
ef

ic
it

s
O

C
T

 m
od

el
P

at
ie

nt
s

H
ea

lt
hy

 c
on

tr
ol

s

Le
e 

et
 a

l. 
(2

02
0)

21
 (1

1 M
, 6

4 y
ea

rs
)

N
/A

Lo
ng

itu
di

na
l

Is
ch

em
ic

R
et

ro
ge

ni
cu

la
te

 p
at

hw
ay

M
ix

ed
(m

ea
n 

T0
: 

6.
00

 ±
 3.

14
 d

ay
s; 

m
ea

n 
T1

: 
17

6 ±
 6.

82
 d

ay
s)

N
/A

SD
-O

C
T

Ya
m

as
hi

ta
 

et
 a

l. 
(2

02
0)

11
 (5

 M
, 

65
.4

 ±
 11

.4
 ye

ar
s)

40
 (1

9 M
, 

62
.3

 ±
 12

 ye
ar

s)
C

ro
ss

-
se

ct
io

na
l +

 L
on

gi
tu

di
na

l 
(3

 p
at

ie
nt

s)

Is
ch

em
ic

 (N
 =

 9)
H

ae
m

or
rh

ag
ic

 
(N

 =
 2)

PC
A

 (N
 =

 9)
R

et
ro

ge
ni

cu
la

te
 

pa
th

w
ay

 (N
 =

 2)

M
ix

ed
(r

an
ge

: 
1 m

on
th

—
24

.2
 ye

ar
s)

9 
ho

m
on

ym
ou

s 
he

m
ia

no
pi

a 
(6

 
le

ft
, 3

 ri
gh

t)
2 

qu
ad

ra
nt

an
op

ia
 (1

 ri
gh

t 
su

pe
ri

or
, 1

 ri
gh

t i
nf

er
io

r)

SD
-O

C
T

C
av

an
au

gh
 

et
 a

l. 
(2

02
1)

48
 (3

7 M
, 

59
.5

 ±
 10

.2
 ye

ar
s)

N
/A

C
lin

ic
al

 tr
ia

l
N

/A
R

et
ro

ge
ni

cu
la

te
 p

at
hw

ay
M

ix
ed

(r
an

ge
: 

3.
4–

37
3.

5 m
on

th
s)

H
om

on
ym

ou
s 

he
m

ia
no

pi
a

SD
-O

C
T

R
as

hi
d 

et
 a

l. 
(2

02
1)

36
:

13
 V

FD
 (8

 M
, 

70
.4

 ±
 15

.3
)

23
 N

V
FD

 (1
8 M

, 
67

.3
 ±

 9.
0)

N
/A

R
et

ro
sp

ec
tiv

e +
 fo

llo
w

 
up

N
/A

R
et

ro
ge

ni
cu

la
te

 p
at

hw
ay

:
O

cc
ip

ita
l (

N
 =

 14
)

O
cc

ip
ita

l +
 ot

he
r 

lo
be

s (
N

 =
 22

)

C
hr

on
ic

(m
ea

n:
 

24
.2

 ±
 5.

8 m
on

th
s)

13
 V

FD
:

5 
ho

m
on

ym
ou

s 
he

m
ia

no
pi

a
5 

ho
m

on
ym

ou
s 

qu
ad

ra
nt

an
op

ia
,

3 
ho

m
on

ym
ou

s s
co

to
m

a

SD
-O

C
T

Li
an

g 
et

 a
l. 

(2
02

2)
15

9 
(1

20
 M

, 
60

.5
 ±

 11
.4

 ye
ar

s)
10

9 
(4

4 M
, 

58
.5

 ±
 10

 ye
ar

s)
C

ro
ss

-s
ec

tio
na

l
Is

ch
em

ic
PC

A
 (N

 =
 55

)
A

nt
er

io
r c

ir
cu

la
tio

n 
st

ro
ke

 (N
 =

 10
4)

M
ix

ed
(r

an
ge

: 1
–3

72
 d

ay
s)

N
/A

O
C

T-
A

Ye
 e

t a
l. 

(2
02

2a
)

35
 (2

7 M
, 

59
.8

 ±
 10

.7
 ye

ar
s)

23
 (1

7 M
, 

57
.9

 ±
 7.

5 y
ea

rs
)

C
ro

ss
-s

ec
tio

na
l

N
/A

Th
al

am
ic

M
ix

ed
(0

.2
–4

4 m
on

th
s)

N
/A

SS
-O

C
T

Ye
 e

t a
l. 

(2
02

2b
)

35
 (2

4 M
, 

60
.2

6 ±
 9.

37
 ye

ar
s)

31
 (2

0 M
, 

60
.0

3 ±
 6.

71
 ye

ar
s)

C
ro

ss
-s

ec
tio

na
l

Is
ch

em
ic

Th
al

am
ic

 (u
ni

la
te

ra
l)

M
ix

ed
(0

.1
–8

.5
 m

on
th

s)
N

/A
SS

-O
C

T

Bi
an

ch
i 

M
ar

zo
li 

et
 a

l. 
(2

02
3)

50
 (3

2 M
, 

61
.1

 ±
 13

.3
 ye

ar
s)

30
 (1

8 M
, 

58
 ±

 13
.9

 ye
ar

s)
C

ro
ss

-s
ec

tio
na

l
Is

ch
em

ic
 (N

 =
 36

)
H

em
or

rh
ag

ic
 

(N
 =

 14
)

R
et

ro
ge

ni
cu

la
te

 p
at

hw
ay

:
O

cc
ip

ita
l (

N
 =

 15
)

Pa
ri

et
o-

oc
ci

pi
ta

l (
N

 =
 35

)

M
ix

ed
(r

an
ge

: 
1–

34
8 m

on
th

s)

33
 h

om
on

ym
ou

s 
he

m
ia

no
pi

a 
(2

8/
33

 
co

m
pl

et
e 

he
m

ia
no

pi
a)

SD
-O

C
T

D
on

al
ds

on
 

et
 a

l. 
(2

02
3)

15
 (6

4.
2 ±

 3.
5 y

ea
rs

)
N

/A
R

et
ro

sp
ec

tiv
e

N
/A

R
et

ro
ge

ni
cu

la
te

 p
at

hw
ay

:
O

cc
ip

ita
l (

N
 =

 14
)

Pa
ri

et
o-

oc
ci

pi
ta

l (
N

 =
 1)

M
ix

ed
(r

an
ge

: 
16

5–
14

,6
00

 d
ay

s)

6 
qu

ad
ra

nt
an

op
ia

9 
ho

m
on

ym
ou

s 
he

m
ia

no
pi

a

SD
-O

C
T

Fa
hr

en
th

ol
d 

et
 a

l. 
(2

02
4)

Sa
m

e 
as

 
C

av
an

au
gh

 
et

 a
l. 

(2
02

1)
 

m
in

us
 5

 p
at

ie
nt

s; 
n 

=
 43

 (3
7 M

, 
58

.9
 ±

 10
.7

 ye
ar

s)

N
/A

C
lin

ic
al

 tr
ia

l
N

/A
R

et
ro

ge
ni

cu
la

te
 p

at
hw

ay
M

ix
ed

(r
an

ge
: 

3.
4–

37
3.

5 m
on

th
s)

H
om

on
ym

ou
s 

he
m

ia
no

pi
a

SD
-O

C
T

(C
on

tin
ue

s)

T
A

B
L

E
 1

    
|    


(C

on
tin

ue
d)

 14681331, 2026, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.70566 by C

ochraneItalia, W
iley O

nline L
ibrary on [06/04/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



8 of 20 European Journal of Neurology, 2026

St
ud

y 
ty

pe
A

rt
ic

le

Sa
m

pl
e

E
xp

er
im

en
ta

l d
es

ig
n

St
ro

ke
 t

yp
e

St
ro

ke
 s

it
e

T
im

e 
fr

om
 s

tr
ok

e
V

is
ua

l d
ef

ic
it

s
O

C
T

 m
od

el
P

at
ie

nt
s

H
ea

lt
hy

 c
on

tr
ol

s

Pa
n 

et
 a

l. 
(2

02
4)

14
9:

62
 th

al
am

ic
 (4

5 M
, 

58
.5

8 ±
 11

.3
4 y

ea
rs

)
87

 e
xt

ra
-

th
al

am
ic

 (7
3 M

, 
55

.2
2 ±

 10
.0

5 y
ea

rs
)

33
 (2

4 M
, 

55
.9

7 ±
 13

.6
9 y

ea
rs

)
Lo

ng
itu

di
na

l
N

/A
Th

al
am

ic
 (N

 =
 62

)
E

xt
ra

-th
al

am
ic

 (N
 =

 87
)

In
 lo

ng
itu

di
na

l, 
30

 
pe

r p
at

ie
nt

 g
ro

up

M
ix

ed
(r

an
ge

 T
0:

 0
.2

4–
10

.6
2 m

on
th

s; 
ra

ng
e 

T1
: 

7.
11

–2
1.

62
 m

on
th

s)

N
/A

SS
-O

C
T

Ye
 e

t a
l. 

(2
02

4)
46

 (3
3 M

, 
59

.7
4 ±

 10
.0

2 y
ea

rs
)

N
/A

C
ro

ss
-s

ec
tio

na
l

Is
ch

em
ic

Th
al

am
ic

 (u
ni

la
te

ra
l)

M
ix

ed
(r

an
ge

: 
1.

5–
12

 m
on

th
s)

N
/A

SS
-O

C
T

Ba
i e

t a
l. 

(2
02

5)
52

 (4
1 M

, 
56

.9
4 ±

 12
.6

6 y
ea

rs
)

10
5 

(8
5 M

, 
57

.9
8 ±

 9.
44

 ye
ar

s)
C

ro
ss

-s
ec

tio
na

l
N

/A
R

et
ro

ge
ni

cu
la

te
 p

at
hw

ay
M

ix
ed

N
/A

SS
-O

C
T

Si
ng

le
 c

as
e 

st
ud

y
Ta

ni
to

 &
 

O
hi

ra
 (2

01
3)

87
 ye

ar
s,

 M
/

Si
ng

le
-c

as
e 

re
po

rt
Is

ch
em

ic
R

ig
ht

 P
C

A
C

hr
on

ic
(1

0 y
ea

rs
)

Le
ft 

ho
m

on
ym

ou
s 

he
m

ia
no

pi
a

SD
-O

C
T

Sc
hw

ar
tz

, 
M

on
ro

ig
 &

 
Fl

yn
n 

(2
01

7)

60
 ye

ar
s,

 M
/

Si
ng

le
-c

as
e 

re
po

rt
N

/A
N

/A
M

ix
ed

(T
0:

 3
 m

on
th

s; 
T1

: 1
3 m

on
th

s; 
T2

: 1
7 m

on
th

s)

Le
ft 

ho
m

on
ym

ou
s 

he
m

ia
no

pi
a

SD
-O

C
T

M
ic

ie
li,

 B
la

nc
h 

&
 N

ar
ay

an
a 

(2
01

8)

59
 ye

ar
s,

 W
/

Si
ng

le
-c

as
e 

re
po

rt
N

/A
R

ig
ht

 re
tr

og
en

ic
ul

at
e 

pa
th

w
ay

M
ix

ed
(T

0:
 1

00
 d

ay
s; 

T1
: 8

 m
on

th
s; 

T2
: 1

4 m
on

th
s)

Le
ft 

ho
m

on
ym

ou
s 

he
m

ia
no

pi
a

O
C

T

Es
ht

ia
gh

i &
 

M
ic

ie
li 

(2
02

1)
44

 ye
ar

s,
 M

/
Si

ng
le

-c
as

e 
re

po
rt

N
/A

Le
ft 

PC
A

A
cu

te
(1

 m
on

th
)

R
ig

ht
 h

om
on

ym
ou

s 
he

m
ia

no
pi

a
O

C
T

N
ot

e:
 S

tu
dy

 ty
pe

; a
ut

ho
rs

 a
nd

 y
ea

r o
f p

ub
lic

at
io

n;
 sa

m
pl

e 
si

ze
 (d

iv
id

ed
 fo

r p
at

ie
nt

s a
nd

 h
ea

lth
y 

co
nt

ro
ls

, s
pe

ci
fy

in
g 

nu
m

be
r o

f s
ub

je
ct

s,
 se

x 
di

st
ri

bu
tio

n,
 a

nd
 m

ea
n 

or
 m

ed
ia

n 
ag

e ±
 SD

 in
 y

ea
rs

); 
ex

pe
ri

m
en

ta
l d

es
ig

n,
 st

ro
ke

 ty
pe

, 
st

ro
ke

 si
te

, t
im

e 
fr

om
 st

ro
ke

 (r
ep

or
te

d 
as

 m
in

-m
ax

 ra
ng

e 
or

 m
ea

n 
±

 SD
, i

f a
va

ila
bl

e)
; v

is
ua

l d
ef

ic
its

; O
C

T 
m

od
el

 u
se

d.
A

bb
re

vi
at

io
ns

: A
C

A
, a

nt
er

io
r c

er
eb

ra
l a

rt
er

y;
 M

C
A

, m
id

dl
e 

ce
re

br
al

 a
rt

er
y;

 N
/A

, n
ot

 a
pp

lic
ab

le
 o

r n
ot

 a
va

ila
bl

e;
 O

C
T,

 o
pt

ic
al

 c
oh

er
en

ce
 to

m
og

ra
ph

y;
 O

C
T-

A
, O

C
T 

an
gi

og
ra

ph
y;

 P
C

A
, p

os
te

ri
or

 c
er

eb
ra

l a
rt

er
y;

 S
D

-O
C

T,
 sp

ec
tr

al
 

do
m

ai
n 

O
C

T;
 S

S-
O

C
T,

 s
w

ep
t s

ou
rc

e 
O

C
T;

 T
D

-O
C

T,
 ti

m
e 

do
m

ai
n 

O
C

T.

T
A

B
L

E
 1

    
|    


(C

on
tin

ue
d)

 14681331, 2026, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.70566 by C

ochraneItalia, W
iley O

nline L
ibrary on [06/04/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



9 of 20European Journal of Neurology, 2026

T
A

B
L

E
 2

    
|    

O
pt

ic
 N

er
ve

 a
nd

 M
ac

ul
ar

 O
C

T 
pa

ra
m

et
er

s i
n 

pa
tie

nt
s c

om
pa

re
d 

w
ith

 h
ea

lth
y 

co
nt

ro
ls

.

A
rt

ic
le

E
xp

er
im

en
ta

l g
ro

up

O
pt

ic
 n

er
ve

M
ac

u
la

pR
N

FL
 (

μm
)

m
R

N
FL

 (
μm

)
G

C
L 

(μ
m

)
G

C
-I

P
L 

(μ
m

)
G

C
C

 (
μm

)
V

ol
u

m
e 

(%
)

G
lo

ba
l

N
as

al
Te

m
po

ra
l

G
lo

ba
l

N
as

al
Te

m
po

ra
l

G
lo

ba
l

G
lo

ba
l

FL
V

G
LV

A
nj

os
 e

t a
l. 

(2
01

6)
H

ea
lth

y 
co

nt
ro

l
10

2.
58

 ±
 10

.3
N

/A
N

/A
52

.2
1 ±

 4.
33

47
.2

5 ±
 4.

38
N

/A
N

/A
N

/A

Pa
tie

nt
s

H
em

ia
no

pt
ic

 
si

de
79

.3
3 ±

 13
.5

4*
**

45
.0

8 ±
 8.

49
**

25
.9

2 ±
 12

.7
3*

**

C
on

tr
ol

at
er

al
 

ey
e

81
.0

8 ±
 11

.5
2*

**
29

.6
7 ±

 12
.9

6*
**

41
.5

 ±
 8.

47
*

Ba
i e

t a
l. 

(2
02

5)
H

ea
lth

y 
co

nt
ro

l
N

/A
37

.2
2 ±

 3.
55

N
/A

67
.2

6 ±
 5.

43
N

/A
N

/A

Pa
tie

nt
s

37
.8

6 ±
 4.

89
62

.3
 ±

 5.
43

**
*

Bi
an

ch
i 

M
ar

zo
li 

et
 a

l. 
(2

02
3)

H
ea

lth
y 

co
nt

ro
l

10
2.

6 ±
 10

.1
N

/A
N

/A
N

/A
N

/A
97

.3
 ±

 2
.6

0.
6 ±

 0.
5

3.
7 ±

 1.
8

Pa
tie

nt
s

O
cc

ip
ita

l
97

 ±
 12

.1
89

.8
 ±

 7.
2*

**
2.

6 ±
 2.

5*
*

9.
7 ±

 6.
2*

Pa
ri

et
o-


O

cc
ip

ita
l

94
.8

 ±
 13

.7
*

86
.7

 ±
 8.

8*
*

3.
5 ±

 3.
2*

**
12

.7
 ±

 7.
4*

**

Is
ch

em
ic

96
 ±

 13
.2

88
.3

 ±
 7.

9*
**

3.
1 ±

 3*
*

11
.2

 ±
 6.

5*
**

H
em

or
rh

ag
ic

94
.1

 ±
 13

.4
85

.8
 ±

 9.
9*

**
3.

7 ±
 3.

2*
*

13
.5

 ±
 8.

6*
**

G
ot

o 
et

 a
l. 

(2
01

6)
H

ea
lth

y 
co

nt
ro

l
10

7.
02

 ±
 6.

81
N

/A
N

/A

Pa
tie

nt
s 

(c
on

tr
ol

at
er

al
 

ey
e)

T0
97

.2
0 ±

 14
.1

1*

T1
95

.4
9 ±

 13
.4

6*
*

Pa
tie

nt
s 

(ip
si

la
te

ra
l e

ye
)

T0
99

.9
3 ±

 15
.5

3

T1
98

.2
0 ±

 14
.0

2*

G
un

es
 

et
 a

l. 
(2

01
6)

H
ea

lth
y 

co
nt

ro
l

10
7 ±

 7.
55

N
/A

N
/A

Pa
tie

nt
s

Ip
si

la
te

ra
l e

ye
98

 ±
 9.

26
**

*

C
on

tr
ol

at
er

al
 

ey
e

92
.2

 ±
 15

.2
**

*

Ji
nd

ha
ra

 
et

 a
l. 

(2
00

9)
H

ea
lth

y 
co

nt
ro

l
N

/A
10

1.
4 ±

 36
.6

10
0.

8 ±
 35

.4
N

/A

Pa
tie

nt
s

A
cq

ui
re

d
83

 ±
 29

.5
**

*
79

.8
 ±

 35
.1

**
*

C
on

ge
ni

ta
l

73
.4

 ±
 26

**
72

.7
 ±

 33
.2

**
*

Li
an

g 
et

 a
l. 

(2
02

2)
H

ea
lth

y 
co

nt
ro

l
11

6.
1 ±

 12
.1

N
/A

N
/A

N
/A

N
/A

10
1.

4 ±
 6.

7
0.

7 ±
 0.

6
1.

7 ±
 1.

8

Pa
tie

nt
s (

PC
A

 st
ro

ke
)

11
2 ±

 11
.4

96
.9

 ±
 8.

5
1.

5 ±
 1.

6
3.

5 ±
 2

.9

(C
on

tin
ue

s)

 14681331, 2026, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.70566 by C

ochraneItalia, W
iley O

nline L
ibrary on [06/04/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



10 of 20 European Journal of Neurology, 2026

A
rt

ic
le

E
xp

er
im

en
ta

l g
ro

up

O
pt

ic
 n

er
ve

M
ac

u
la

pR
N

FL
 (

μm
)

m
R

N
FL

 (
μm

)
G

C
L 

(μ
m

)
G

C
-I

P
L 

(μ
m

)
G

C
C

 (
μm

)
V

ol
u

m
e 

(%
)

G
lo

ba
l

N
as

al
Te

m
po

ra
l

G
lo

ba
l

N
as

al
Te

m
po

ra
l

G
lo

ba
l

G
lo

ba
l

FL
V

G
LV

Pa
rk

 e
t a

l. 
(2

01
3)

H
ea

lth
y 

co
nt

ro
l

10
0.

48
 ±

 13
.3

2
N

/A
N

/A

Pa
tie

nt
s

Ip
si

la
te

ra
l e

ye
75

.4
1 ±

 14
.5

3*
**

C
on

tr
ol

at
er

al
 

ey
e

74
.0

2 ±
 13

.4
7*

**

Ya
m

as
hi

ta
 

et
 a

l. 
(2

01
8)

H
ea

lth
y 

co
nt

ro
l

N
/A

28
.5

 ±
 5.

3
N

/A
82

.8
 ±

 5.
6

11
1.

4 ±
 8.

4
N

/A

Pa
tie

nt
s

H
em

ia
no

pt
ic

 
si

de
24

.3
 ±

 6.
2*

*
63

.7
 ±

 9.
5*

**
86

.9
 ±

 13
.7

**
*

U
na

ff
ec

te
d 

si
de

25
.8

 ±
 4.

2
73

.1
 ±

 7.
9

99
 ±

 11
.4

Ya
m

as
hi

ta
 

et
 a

l. 
(2

02
0)

H
ea

lth
y 

co
nt

ro
l

N
/A

N
/A

N
/A

N
/A

10
4.

09
 ±

 4.
42

N
/A

Pa
tie

nt
s

H
em

ia
no

pt
ic

 
si

de
83

.0
1 ±

 8.
05

**

U
na

ff
ec

te
d 

si
de

88
.8

8 ±
 8.

43

Ye
 e

t a
l. 

(2
02

2a
)

H
ea

lth
y 

co
nt

ro
l

N
/A

19
.2

86
 ±

 1.
16

2
N

/A
71

.2
77

 ±
 6.

15
6

N
/A

N
/A

Pa
tie

nt
s

17
.3

88
 ±

 1.
75

9*
**

63
.5

77
 ±

 8.
29

8*
*

N
ot

e:
 T

he
 ta

bl
e 

re
po

rt
s p

er
ip

ap
ill

ar
y 

(p
R

N
FL

) a
nd

 m
ac

ul
ar

 p
ar

am
et

er
s (

m
R

N
FL

, G
C

L,
 G

C
-I

PL
, G

C
C

, m
ac

ul
ar

 v
ol

um
e)

 in
 p

at
ie

nt
s' 

ey
es

 a
nd

 c
on

tr
ol

s.
 F

or
 p

at
ie

nt
s,

 w
he

n 
av

ai
la

bl
e,

 v
al

ue
s a

re
 sp

ec
if

ie
d 

fo
r t

he
 ip

si
la

te
ra

l o
r 

co
nt

ra
la

te
ra

l (
to

 th
e 

le
si

on
) e

ye
. W

he
n 

ne
ce

ss
ar

y,
 d

at
a 

ar
e 

al
so

 d
iv

id
ed

 b
y 

le
si

on
 lo

ca
tio

n,
 st

ro
ke

 ty
pe

, t
im

e 
fr

om
 st

ro
ke

, o
r v

is
ua

l f
ie

ld
 d

ef
ec

t. 
N

as
al

 a
nd

 te
m

po
ra

l s
ec

to
r v

al
ue

s a
re

 re
po

rt
ed

 w
he

n 
av

ai
la

bl
e;

 o
th

er
w

is
e,

 o
nl

y 
gl

ob
al

 
va

lu
es

 a
re

 sh
ow

n.
 V

al
ue

s a
re

 re
po

rt
ed

 a
s m

ea
n 

±
 SD

 if
 n

ot
 o

th
er

w
is

e 
in

di
ca

te
d.

 B
ol

d 
va

lu
es

 in
di

ca
te

 st
at

is
tic

al
ly

 si
gn

if
ic

an
t r

ed
uc

tio
ns

 o
f r

et
in

al
 la

ye
r/

vo
lu

m
e 

an
d 

as
te

ri
sk

s r
ef

er
 to

 p
-v

al
ue

 o
f t

he
 c

om
pa

ri
so

n 
be

tw
ee

n 
pa

tie
nt

s' 
an

d 
co

nt
ro

ls
' v

al
ue

s (
if 

re
po

rt
ed

 in
 th

e 
st

ud
y)

.
A

bb
re

vi
at

io
ns

: F
LV

, f
oc

al
 lo

ss
 v

ol
um

e;
 G

C
C

, g
an

gl
io

n 
ce

ll 
co

m
pl

ex
; G

C
-I

PL
, g

an
gl

io
n 

ce
ll—

in
ne

r p
le

xi
fo

rm
 la

ye
r; 

G
C

L,
 g

an
gl

io
n 

ce
ll 

la
ye

r; 
G

LV
, g

lo
ba

l l
os

s v
ol

um
e;

 m
R

N
FL

, m
ac

ul
ar

 re
tin

al
 n

er
ve

 fi
be

r l
ay

er
; N

/A
, n

ot
 a

va
ila

bl
e;

 
pR

N
FL

, p
er

ip
ap

ill
ar

y 
re

tin
al

 n
er

ve
 fi

be
r l

ay
er

.
*p

 <
 0.

05
. 

**
p <

 0.
01

. 
**

*p
 <

 0
.0

01
.

T
A

B
L

E
 2

    
|    


(C

on
tin

ue
d)

 14681331, 2026, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.70566 by C

ochraneItalia, W
iley O

nline L
ibrary on [06/04/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



11 of 20European Journal of Neurology, 2026

stroke patient [22, 28, 31, 33, 37, 38]. However, some studies di-
verged from this pattern; for instance, Bai et al. (2025) reported 
reductions across all macular sectors [35].

3.1.3   |   Global Loss Volume (GLV) and Focal Loss 
Volume (FLV)

Only two studies have examined GLV and FLV parameters 
(Table  2). Differently from nasal/temporal measures that are 
anatomically defined across the vertical meridian, focal and 
global measures are deviation-based and not constrained by 
hemispheric boundaries. Global metrics reflect average macular 
loss in the entire region and thus may dilute asymmetric effects; 
in contrast, focal metrics are more sensitive because they quan-
tify localized deviations. Bianchi Marzoli et al. (2023) reported 
significantly higher GLV and FLV values in patients compared 
with controls, with no differences related to the lesion type 
(ischemic or haemorrhagic) or site (occipital or occipito-parietal) 
[32]. Similarly, Liang et al. (2022) observed a significant increase 
in loss-of-volume indices in patients with ischemic stroke com-
pared to healthy controls [36]. However, their cohort included 
both anterior and posterior vascular territory lesions. Although 
they did not directly compare patients with posterior lesions 
against controls, the absence of significant differences between 
anterior subgroups suggests findings consistent with those re-
ported by [32].

3.2   |   Temporal Dynamics of Retinal Degeneration

Several cross-sectional studies investigated the relation-
ship between retinal thinning and time elapsed since stroke 
(Table 1). By analyzing pRNFL in 3 patients with lesion du-
rations ranging from 12 to 36 months, Yamashita et al. (2012) 
suggested that ganglion cell degeneration emerges within the 
first year after stroke [28]. In a subsequent study, the same 
research group reported a significant linear association be-
tween time after stroke and GC-IPL thinning in hemianopic 
eyes, with thinner layers observed in patients with older le-
sions [29]. Jindahra et  al. (2012) reported that the temporal 
dynamics of pRNFL loss were better explained by logarithmic 
regression, with an average decline of approximately 9 μm/
log(year), a rate significantly higher than the physiological 
age-related decline [40]. Similarly, Park et al. (2013) described 
a logarithmic thinning rate of about 3.3 μm/log(year) [25]. 
Bianchi Marzoli et  al. (2023) confirmed this pattern, report-
ing logarithmic thinning rates of 8.2 μm/log(year) for pRNFL 
and 3.5 μm/log(year) for GCC, both significantly greater than 
those observed in healthy controls [≈0.3 μm/log(year) for 
pRNFL and no significant GCC change] [32]. Donaldson et al. 
(2023) further showed that all chronic stroke patients (time 
since stroke > 30 months) exhibited ≥ 10% relative atrophy of 
the corresponding macular hemifield, with the earliest detect-
able onset of RTSD at 5.5 months [39].

Other studies stratified patients according to predefined tem-
poral cut-offs from stroke onset. Liang et al. (2022) compared 
RTSD in subacute (< 6 months post-stroke) versus chronic 
(> 6 months post-stroke) ischemic stroke patients [36], while 
Ye et al. (2022) divided thalamic stroke patients into subgroups 

based on whether the stroke occurred < 1 month, 1–6 months, 
or > 6 months before evaluation [30]. However, neither study 
found significant group differences in retinal layer thickness. 
Conversely, Bai et  al. (2025) investigated retinal macular 
changes in the acute phase (< 14 days post-stroke), demon-
strating that GC-IPL was already reduced compared to con-
trols. In contrast, mRNFL thickness remained unaffected [35] 
(Table 3).

Only a few studies have examined retinal degeneration lon-
gitudinally in the same cohort of patients (Table 3). Jindahra 
et al. (2012) found that patients with larger homonymous vi-
sual field defects, particularly those without macular sparing, 
exhibited progressive pRNFL thinning, most pronounced 
within the first 1–2 years post stroke (0.9–6.3 μm/100 days). In 
contrast, patients with smaller homonymous visual field de-
fects showed no significant changes [40]. Goto et  al. (2016) 
observed that pRNFL thinning in the contralateral (to the 
lesion) eye was already visible at the baseline (on average, 
after 50 months from stroke). After 24 months of follow-up, 
a significant reduction also appeared in the ipsilateral eye 
[23]. Lee et  al. (2020), assessing patients at two timepoints, 
about 6 days and 6-month post-stroke, reported significant 
pRNFL reductions [13], in line with previous findings [40]. 
Similarly, in three patients, Yamashita et al. (2020) found that 
the mean of GCC values declined progressively over a four-
year follow-up, with annual thinning rates ranging from 2.1 
to 5.6 μm/year [41].

Evidence from thalamic stroke further supports accelerated ret-
inal degeneration when the lesion involves key relay stations of 
the visual pathway. Pan et  al. (2024) showed that, within the 
first year after stroke, patients with thalamic infarctions had 
significantly thinner mRNFL and GC-IPL compared with those 
with extra-thalamic infarctions. Moreover, the annual rate of 
GC-IPL thinning was considerably higher in thalamic than in 
extra-thalamic stroke patients (3.82 vs. 1.90 μm/year) [26].

Finally, two single-case reports described the temporal trajec-
tory of RTSD, suggesting that measurable retinal thinning be-
comes detectable approximately 1 year after stroke. Schwartz 
et al. (2017) reported a patient with left homonymous hemiano-
pia whose OCT scans were regular 3 months post-stroke; early 
GCC thinning appeared at 13 months and further progressed 
by 17 months [37]. Similarly, Micieli et al. (2018) described a pa-
tient with left homonymous hemianopia evaluated at 100 days, 
8 months, and 14 months post-stroke. Retinal layer thickness re-
mained stable until 8 months but showed marked bilateral thin-
ning at 14 months [38].

3.3   |   Stroke Characteristics Related to RTSD

Regarding stroke type, 10 studies included only ischemic le-
sions, 4 included both ischemic and haemorrhagic strokes, and 
14 did not specify the lesion type (Table  1). Bianchi Marzoli 
et al. (2023) directly compared retinal layer thickness between 
ischemic and haemorrhagic strokes, reporting that both groups 
showed significant differences in GCC, FLV, and GLV values 
compared with controls, but no significant differences between 
stroke aetiologies [32].
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Regarding the site of the post-stroke damage, 13 studies spe-
cifically reported involvement of the retrogeniculate pathway 
(including the occipital cortex), 8 involved lesions within PCA 
territory, 2 included both PCA and post-chiasmatic lesions, 4 fo-
cused selectively on thalamic strokes, and one did not specify 
lesion site (Table 1).

Three studies directly compared OCT measures between pa-
tients with PCA strokes and those with lesions in other vascu-
lar territories (Table 4). Park et al. (2013) reported the greatest 
pRNFL loss in PCA infarctions, followed by middle cerebral 
artery (MCA) and anterior cerebral artery (ACA) strokes [25]. 
Similarly, Liang et al. (2022) found that PCA infarcts were as-
sociated with significant GCC thinning compared with anterior 
circulation strokes, although pRNFL differences did not reach 
significance [36]. Gunes et al. (2016) found no significant differ-
ences in OCT measures between PCA and MCA infarcts [24]. 
Focusing on thalamic strokes, Pan et al. (2024) reported greater 
mRNFL and GC-IPL thinning in thalamic lesions compared to 
extra-thalamic strokes [26].

Three studies examined the relationship between lesion size 
and the extent of retinal degeneration. Bianchi Marzoli et  al. 
(2023) found no significant differences between isolated occipi-
tal and occipital-parietal strokes, although raw values suggested 
a trend toward greater thinning in the latter group (Table  4) 
[32]. Conversely, Bai et al. (2025) identified a significant nega-
tive correlation between GC-IPL thickness and lesion diameter 
[35]. Similarly, Ye et al. (2022) reported that thalamic lesion size 
correlated positively with impairment of macular microvascu-
lature and structural RTSD severity—indicating that greater 
lesion extension was associated with more pronounced retinal 
degeneration [30].

3.4   |   Relation Between Visual Field Defects 
and RTSD

Except for 9 studies, all the others reported stroke-related visual 
defects, typically assessed through perimetry (Table  1). Only 
one study directly compared patients with and without visual 
field defects, showing that average GC-IPL and pRNFL thick-
ness were significantly reduced exclusively in patients with con-
current visual field loss [27].

Several studies examined the potential correlation between 
retinal thinning and quantitative measures of visual field 
impairment derived from perimetry, although results were 
inconsistent across reports. Goto et  al. (2016) found that 
pRNFL thickness correlated with mean deviation (MD) and 
hemianopic total deviation (H-TD) in quadrant-specific anal-
yses, but only after 24 months from the initial evaluation [23]. 
Similarly, Yamashita et al. (2020) reported quadrant-specific 
correlations between pRNFL thinning and perimetric vari-
ables (i.e., MD/H-TD values), reporting linear or polynomial 
relationships between GCC thinning and visual field loss in 
the hemianopic eye [41]. Using voxel-based lesion symptom 
mapping, Schneider et al. (2019) demonstrated that lesions in-
volving the ventral primary visual cortex or Meyer's loop were 
associated with greater GCC thinning in region correspond-
ing to the upper visual field, while lesions affecting Baum's 

loop were associated with greater thinning in areas represent-
ing the lower visual field—thus confirming a spatial corre-
spondence between GCC thinning and visual field deviation. 
However, Bianchi Marzoli et al. (2023) and Donaldson et al. 
(2023) found no significant associations for pRNFL or GCC 
thickness [32, 39].

3.5   |   Impact of Visual Training on RTSD: 
the Slowing Effect

To date, the studies by Cavanaugh et al. (2021) and Fahrenthold 
et  al. (2024) are the only investigations exploring whether 
daily visual perception training could slow the progression 
of RTSD following occipital stroke [34, 42]. Patients under-
went approximately 6 months of visual motion discrimination 
training. Two groups were compared according to the spatial 
location of visual stimulus presentation during the task—
within the blind hemifield (target group) or at the correspond-
ing location in the intact hemifield (control group). Outcome 
measures included perimetric MD and retinal layer thickness, 
with a laterality index computed for GC-IPL and pRNFL 
to account for baseline inter-ocular thickness variability. 
Cavanaugh et al. (2021) reported that patients trained within 
the blind hemifield exhibited systematic improvements in MD 
compared with those trained in the intact field, but did not ob-
serve significant training-related effects on retinal thickness 
measures [34]. Subsequently, Fahrenthold et  al. (2024) ana-
lyzed the same sample, excluding five patients with unreliable 
pre- and post-training Humphrey visual fields, and combined 
data from both eyes into a single per-patient measure for both 
perimetric and OCT outcomes, reducing inter-individual vari-
ability in retinal thickness and increasing sensitivity to detect 
change. With these analyses, they found that patients trained 
within the blind hemifield showed improvements in both MD 
and average blind-field sensitivity, while the GC-IPL lateral-
ity index became significantly more positive only in patients 
trained in the intact hemifield, indicating greater progression 
of thinning when the defective hemifield remained untrained. 
No significant changes in pRNFL thickness were found in ei-
ther group, instead. This has been attributed by the authors to 
the anatomical complexity of the RNFL across peripapillary 
zones, its relatively small volume, inter-individual variability, 
and the limited sample size, which may have reduced the abil-
ity to detect potential changes [42]. Overall, these preliminary 
findings underline the potential of perceptual training in the 
blind hemifield for contrasting the progression of RTSD, par-
ticularly at the level of the macular layers.

4   |   Discussion

The present systematic review provides converging evidence 
that RTSD occurs in patients with post-chiasmatic stroke and 
can be reliably detected using OCT.

The degeneration of peripapillary layers was historically the first 
manifestation of RTSD to be documented after post-chiasmatic 
lesions. Indeed, the first OCT study to demonstrate RTSD 
in acquired lesions was by Jindahra et  al. in 2009, reporting 
pRNFL thinning in both congenital and acquired cases, with no 
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significant differences between groups. In the following decade, 
multiple cross-sectional and longitudinal studies confirmed 
progressive pRNFL thinning after stroke, typically showing a 
sectorial pattern reflecting the topographical organization of 
crossed and uncrossed fibers at the optic chiasm. Specifically, 
thinning of the superior and inferior sectors was observed in 
the eye ipsilateral to the lesion (the “non-crossing fiber defect” 
eye), and nasal thinning in the contralateral eye (the “crossing 
fiber defect” eye). For instance, a left occipital lesion causing 
right homonymous hemianopia would correspond to superior 
and inferior pRNFL thinning in the left eye and the nasal thin-
ning in the right eye. Nevertheless, other studies have reported 
discordant findings, including nasal thinning in the ipsilateral 
eye and temporal thinning in the contralateral eye [23, 24, 28]. 
Such variability likely reflects sample heterogeneity and meth-
odological differences in sector division (e.g., 6 vs. 12 sectors 
[22]). Moreover, several reports found no significant differences 
compared with controls, suggesting that pRNFL may not rep-
resent the most sensitive or reliable measure of RTDS [33, 34].

With the advent of SD-OCT, it has also become possible to ex-
plore macular layers, which contain the neuronal cell bodies of 
retinal ganglion cells [19, 43]. Compared with pRNFL, macular 
parameters appear less influenced by confounding factors such 
as age, refractive error, and ethnicity [44], and are less likely to 
be masked by disc swelling or structural anomalies [45]. Indeed, 
multiple studies have demonstrated that macular measure-
ments are more reliable than peripapillary indices for detecting 
nerve fiber damage in homonymous hemianopia [28, 31–33, 41]. 
Although substantial variability exists among studies regarding 
which layers were analyzed and which OCT models were used 
(Table  S1), nearly all investigations documented progressive 
macular thinning after post-chiasmatic lesions. Unlike the com-
plex anatomical organization of peripapillary fibers, macular 
neurons are topographically arranged according to the visual 
field, allowing more straightforward correspondences between 
the nasal and temporal macular sectors and the affected hemi-
field [22, 31, 33, 37]. For instance, a left occipital lesion producing 
right-sided visual field loss would be expected to cause thinning 
in the right eye's nasal macular sectors and the left eye's tempo-
ral sectors. This retinotopic relationship is closely related also 
to the distribution of retinal ganglion cell types, particularly 
parvocellular (P) and magnocellular (M) cells, which differ in 
function and retinal location. P cells, specialized for mediating 
high-resolution color and form vision, are small in size and more 
concentrated in the central retina. Their axons mostly contrib-
ute to the temporal portion of the optic nerve head. In contrast, 
M cells, specialized for the processing of coarser, rapid, transient 
processing of visual information (low spatial frequency, high 
temporal frequency), are larger, more widely distributed across 
the peripheral retina, and their axons course mainly through 
the superior, inferior and nasal sectors of the optic nerve head 
[46–48]. Studies in animal models have shown that following 
occipital lesions, retrograde degeneration affects mainly gan-
glion cells projecting to the parvocellular layers of the LGN, 
while M cells are relatively spared, especially those in the pe-
ripheral retina [49, 50]. This selective damage suggests that 
post-geniculate trans-synaptic degeneration primarily involves 
central retinal regions. Consistent with these findings, studies 
summarized in this review demonstrate a greater thinning of 

the central macular retina where P-cells are most concentrated. 
In contrast, the nasal peripapillary RNFL of contralateral eyes 
is often relatively preserved. This supports the hypothesis that 
RTSD respects the retinotopic distribution of retinal ganglion 
cell subtypes, resulting in a close relationship between the lo-
cation of ganglion cell loss and the retinotopic representations 
damaged in the visual cortex.

Considering the temporal chronometry of RTSD, retinal thin-
ning begins within the first months after stroke, becomes ev-
ident after approximately 1 year, and may continue for several 
years [39]. However, some inconsistent findings are reported, 
such as the study by Bai et al. (2025), which showed retinal de-
generation as early as 14 days post-stroke—that is, with a timing 
much shorter than the typically observed for RTSD. An expla-
nation for this early degeneration is that these retinal changes 
may reflect direct involvement of the LGN or optic tract, as these 
structures receive blood supply from the anterior and lateral cho-
roidal arteries, mimicking the retinal pattern of RTSD even if 
they are instead caused by retinal ischaemia. Accordingly, some 
studies described a linear relationship between time since stroke 
and retinal thinning [29, 41], while others reported a logarithmic 
trajectory characterized by faster initial loss followed by slower 
progression [25, 32, 40]. Estimated thinning rates ranged from 
approximately 3–9 μm/log (year) for the pRNFL and 2–5 μm/
log (year) for the GCC or GC-IPL [25, 32, 39–41]. These values, 
however, are only indicative due to the high variability in sam-
ple characteristics, follow-up times, and methodologies across 
studies. Nevertheless, RTSD progression appears significantly 
faster than physiological age-related thinning observed in 
healthy controls [≈0.3 μm/log(year)] for pRNFL and no signif-
icant GCC change [32, 40]. Longitudinal studies and single-case 
reports align with this pattern, although the rate of degeneration 
may vary according to visual field defect size and the presence 
of macular sparing [40]. Only one study specifically addressed 
the time course of RTSD after a thalamic stroke, showing faster 
retinal degeneration than extra-thalamic lesions [26].

The timing of degeneration may also help explain the discrep-
ant findings between studies. Indeed, given the progressive and 
time-dependent nature of RTSD, the absence of detectable peri-
papillary or macular thinning sometimes reported may be due 
to OCT assessments performed too early after the stroke event, 
before transsynaptic retinal degeneration occurred and, hence, 
became detectable with OCT. Moreover, recent evidence has 
quantitatively investigated the progression of visual field defects 
after stroke, confirming that, in the subacute phase, the spon-
taneous recovery is greater, likely due to the edema resolution 
and post-stroke inflammation. Later, approximately one-third 
of chronic patients continue to show improvement, while a fifth 
get worse. Interindividual variability plays a central role in the 
evolution of the visual field defect. In the subacute stage, wors-
ening may result from a prolonged pathological state or comor-
bidities (e.g., glaucoma, cerebrovascular small vessel disease, or 
systemic vascular risk factors), whereas in the chronic phase it 
is more likely related to progressive RTSD. Initially, this degen-
eration involves visual structures corresponding to the primary 
lesion, but then it may extend over time, potentially contributing 
to a progressive enlargement of the perceptual deficit measured 
by perimetry [51, 52].
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Some evidence suggests that the severity of RTSD may be influ-
enced by lesion characteristics such as location, size, and type. 
Most studies indicated that infarctions in the visual pathway—
particularly to the PCA territory or thalamus—result in more 
pronounced macular and peripapillary thinning than lesions 
in other vascular territories (e.g., ACA and MCA) and extra-
thalamic sites [25, 26, 36]. In contrast, Gunes et al. (2016) did not 
observe significant differences between PCA and MCA strokes, 
possibly due to small sample sizes or variable disease duration 
[24]. Regarding the extent of the injury, Bianchi Marzoli et al. 
(2023) found no differences between lesion circumscribed to the 
occipital lobe, and those extending to parietal areas [32], while 
others reported correlations between lesion volume and retinal 
layer thinning [30, 35]. The only study comparing ischemic and 
haemorrhagic strokes found comparable retinal thinning across 
aetiologies, with no specific effect of stroke type differences be-
tween the two groups in GCC thickness depending on the stroke 
type [32]. These findings suggest that lesion size and location 
influenced RTDS severity.

Finally, the functional consequences of RTSD have been ex-
plored by correlating the retinal layer thickness with the extent 
of campimetric visual field loss, but the results appear incon-
sistent. Some studies found significant correlations between 
perimetric indices and macular or peripapillary parameters 
[7, 23, 41], supporting a spatial correspondence between struc-
tural and functional loss. Other investigations, however, failed to 
detect such associations [32, 39], suggesting that the magnitude 
of visual field impairment does not always predict the degree of 
retinal thinning. Differences in the types of perimetry employed 
and in their spatial correspondence with OCT measurements, 
which in some cases represent only a limited portion of the cen-
tral visual field, may explain these inconsistencies. These dis-
crepancies highlight the need for larger and more representative 
samples, including patients with partial or localized defects (e.g., 
quadrantanopia or scotomas), and for studies integrating OCT-
derived structural indices with perimetric measures to improve 
the characterization and prediction of post-geniculate visual 
dysfunctions.

Assessing the presence and extent of RTSD after post-chiasmatic 
stroke has several important clinical implications e.g., [53]. First, 
OCT provides an objective structural biomarker of posterior vi-
sual pathway damage, complementary to perimetry, and allows 
disease progression to be monitored over time. Furthermore, pe-
rimetry highly depends on patients' cooperation, making it un-
reliable in severely impaired individuals, at variance with OCT, 
which is a passive examination, not requiring overt responses 
from the patient. Second, quantifying RTSD may have prognos-
tic value for rehabilitation. Rehabilitation programs targeting 
blind-field regions that have not yet undergone RTDS may yield 
better outcomes, as these areas likely correspond to preserved 
cortical activity  [7]. Conversely, advanced retinal degenera-
tion may limit the potential for training-induced recovery, un-
derscoring the need for early intervention. Third, RTSD could 
represent a potential therapeutic target for neuroprotective or 
rehabilitative interventions e.g., [54]. Indeed, at present, rehabil-
itation approaches for visual field defects due to post-chiasmatic 
lesions include restorative or compensatory treatments 
[2, 55, 56]. Restitutive treatments based on perceptual learning 

aim to expand the visual field through intensive stimulation 
of the so-called transition zone between intact and blindfield 
regions [57–59]. On the other hand, compensatory treatments 
aim to improve oculomotor strategies by training saccadic eye 
movements [60–64]. More recently, some evidence suggests that 
integrating behavioral training with non-invasive brain stimu-
lation techniques, such as transcranial direct current stimula-
tion [65, 66], transcranial alternating current stimulation [67], 
transcranial random noise stimulation [68] or paired associa-
tive stimulation [69], can enhance training-induced plasticity, 
in turn maximizing the effectiveness of behavioral treatment. 
However, as reviewed here, only two studies to date have inves-
tigated whether visual rehabilitation can also influence the pro-
gression of RTSD measured by OCT. In particular, Fahrenthold 
et al. (2024) demonstrated that an intensive perceptual training, 
consisting of a daily motion direction discrimination task near 
the border of the visual deficit with attention-guiding cues and 
adaptive difficulty, may slow or partially prevent degeneration. 
This effect is thought to result from direct stimulation of sur-
viving retinal cells in areas deprived of cortical input, thereby 
increasing their metabolic activity and that of their surround-
ing supporting cells, such as Muller glia, which contribute to the 
structural stability of the retina [42]. Further studies are needed 
to explore the influence of retinal degeneration on rehabilitation 
efficacy, and viceversa.

Several limitations should be acknowledged. Many studies in-
cluded small and heterogeneous samples, presenting patients 
with variable lesion ages, types, sizes, locations, and comorbid-
ities such as hypertension or diabetes. Most investigations were 
single-centre, limiting the generalizability. Stronger conclusions 
regarding the temporal dynamics of RTDS are precluded by the 
small number of truly longitudinal studies or by variability in 
follow-up timing [13, 23, 37, 40, 41]. Differences in OCT mod-
els, segmentation algorithms, and the analyzed retinal layers 
also limited quantitative comparison across studies. Altogether, 
such variability complicates the interpretation of results and 
limits the strength of conclusions. To address this, future stud-
ies could preferably employ macular rather than peripapillary 
measures, given their closer retinotopic correspondence with 
visual field defects and their lesser susceptibility to confound-
ing factors. In addition, to further improve the interpretation 
of post-chiasmatic stroke effects, it would be interesting to de-
velop an OCT analysis that allows the comparison not only of 
the superior and inferior hemifields, but also of the nasal and 
temporal macular hemifields. In this way, in addition to stan-
dard measures of retinal layer thickness derived from OCT, 
indexes could be also derived that take greater account for inter-
individual baseline thickness variance, as already done recently 
with promising findings for example, [42]. Moreover, future 
studies are also necessary to better understand the relationship 
between RTSD and other secondary consequences of damage to 
the visual pathways as microcystic macular oedema. Notably, to 
our knowledge, this pathology has never been reported follow-
ing isolated LGN lesions, consistent with early animal studies 
and suggesting that central post-geniculate damage alone does 
not produce cystic changes in the retina [70]. Finally, because 
this review focused exclusively on post-chiasmatic stroke, we 
excluded studies including mixed etiologies (e.g., stroke, tumor, 
or traumatic brain injury). These studies, however, found results 
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in line with the present review, reporting a significant degen-
eration of retinal layers, especially at the macular level, when 
lesions involved post-chiasmatic sites [45, 71–73].

As a final note, we highlight that OCT provides indications of 
retinal layer thickness but does not allow for distinguishing 
between retinal ganglion cell death and shrinkage of the cell 
body or dendritic field. However, RTSD has been interpreted as 
a progressive process that ultimately leads to retinal ganglion 
cell loss over time. Studies on the timing of RTSD show that it 
becomes evident within the first months after injury, suggest-
ing that interventions aimed at preserving retinal ganglion cells 
are likely to be most effective when applied early. In contrast, 
once there is a marked thinning of the ganglion cells within a 
given retinotopic sector, it is more conceivable that restoring 
vision at that location would be unlikely, as the afferent visual 
input is substantially reduced or absent. In line with this, a re-
cent study by Fahrenthold et al. (2021) assessing the shrinkage 
of the optic tract ipsilateral to the lesion as an indirect measure 
of RTSD showed that patients with minimal optic tract lateral-
isation achieved greater visual field recovery than those with 
pronounced shrinkage [74]. Therefore, patients with relatively 
preserved cells in the affected hemiretina should be better can-
didates for intensive vision restoration training. In contrast, in 
cases of profound ganglion loss, compensatory strategies should 
be considered.

5   |   Conclusion

The available evidence indicates that post-chiasmatic stroke 
induces retinal degeneration, affecting both peripapillary and 
macular layers. Even if some variability exists across studies, 
for example, in pRNFL findings or correlations with visual field 
defect, these differences may be due to methodological heteroge-
neity, sample characteristics, and the timing of OCT assessment. 
Macular indices, given the stronger topographic correspondence 
with the visual field defect and their lower susceptibility to 
confounding factors, represent the most consistent measure of 
RTSD and should therefore be preferred over the peripapillary 
measures. All together, the present findings support the use of 
OCT as a reliable structural biomarker of post-geniculate neuro-
nal loss and as a potential predictor of visual function recovery. 
Multicentric, longitudinal studies employing standardized OCT 
protocols and integrated functional assessments are warranted 
to refine our understanding of RTSD dynamics, clarify its prog-
nostic implications, and guide the development of targeted neu-
roprotective and rehabilitative interventions.
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Supporting Information

Additional supporting information can be found online in the Supporting 
Information section. Data S1: ene70566-sup-0001-Supinfo01.docx. 
Table S1: Overview of studies and the retinal layer variables they mea-
sured. “+” indicates that the study extracted the variable “−” indicates 
it was not considered and “N/A” indicates data not available. Variables 
include: peripapillary retinal nerve fiber layer (pRNFL), macular ret-
inal nerve fiber layer (mRNFL), ganglion cell layer (GCL), ganglion 
cell–inner plexiform layer (GC-IPL), ganglion cell complex (GCC), inner 
retinal layers (IRL), and global and local volumetric measures (GLV/
FLV). Table  S2: Sectoral analysis of OCT parameters. Sectoral mea-
surements of retinal layer thickness in control and stroke patients across 
studies. When available, values are reported as mean ± SD. Data are di-
vided by quadrants or sectors according to each study's segmentation. 
Columns indicate the right/left eye, ipsilateral/contralateral eye, symp-
tomatic/asymptomatic visual field, anterior/posterior lesions, and time 
point evaluations when available. pRNFL, peripapillary Retinal Nerve 
Fiber Layer; mRNFL, macular Retinal Nerve Fiber Layer; GC-IPL, 
Ganglion Cell–Inner Plexiform Layer; GCC, Ganglion Cell Complex; 
IRL, Inner Retinal Layers; FLV, Focal Loss Volume; GLV, Global Loss 
Volume; S, superior; ST, superior temporal; TS, temporal superior; T, 
temporal; TU, temporal upper; TL, temporal lower; IT, inferior tempo-
ral; I, inferior; IN, inferior nasal; NI, nasal inferior; N, nasal; NL, nasal 
lower; NU, nasal upper; SN, superior nasal; VFD, visual field defect; 
NVFD, non-visual field defect; T0/T1/T2, time-points assessment. 
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