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Purpose: Nonarteritic anterior ischemic optic neuropathy (NAION) is the second most common form of optic neuropathy. 
Most patients show no improvement over time. Until now, there is still no definitive therapy for NAION. The available liter-
atures on the possible treatment of NAION are quite diverse and controversial. Neuroprotection strategies have been sug-
gested as one of the potential treatments for NAION. This review aims to critically evaluate the literature on neuroprotective 
strategy for NAION. 

Methods: This report was written in accordance with PRISMA (Preferred Reporting Items for Systematic Reviews and Me-
ta-Analysis) guidelines. We performed a systematic literature search in Pubmed, Science Direct, Proquest, and Cochrane 
databases. Only neuroprotective agents that directly work in protecting neurons were included. The outcome of interest in 
this review is retinal ganglion cell density and apoptosis for animal studies and retinal nerve fiber layer thickness for human 
studies. 

Results: The systematic search identified 591 studies of which 24 met the eligibility criteria, including 21 animal studies and 
three human studies. Only a few of the studies evaluated the same treatments, showing how diverse neuroprotector treat-
ments are currently being evaluated as NAION treatment. From 21 animal studies, 14 studies showed significantly higher reti-
nal ganglion cell density (1.49- to 2.81-fold) with neuroprotective treatment compared to control group. Two of three human 
studies in this review had also found a beneficial effect of preserving retinal nerve fiber layer thickness in NAION patients. 

Conclusions: This review suggests the potential of neuroprotection as a viable option in the quest for an effective treatment 
strategy for NAION. Further studies, particularly clinical studies, are necessary to establish its efficacy in NAION patients.
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Introduction

Nonar teritic anterior ischemic optic neuropathy 
(NAION) is one of the most common forms of optic neu-
ropathy in adults, with an annual incidence of 2.3 to 10.2 
per 100,000 population in the United States [1–3]. Reported 
incidence in the Asian population was also similar [4,5]. 
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Patients with NAION can have a grim prognosis. Visual 
acuity in NAION patients can vary greatly from no light 
perception to 6 / 6. In untreated patients, NAION usually 
shows no significant improvement over time [1]. Visual 
outcome of NAION patients can be difficult to predict with 
certainty [6]. One study reported that at 12 months after 
onset, 61% eyes had best-corrected visual acuity ≥1.00 in 
logarithm of the minimum angle of resolution [7].

Until now, there is no effective treatment for NAION. 
Few treatment strategies have been proposed, such as optic 
nerve decompression surgery and steroid, but none of these 
treatments can provide strong evidence of efficacy to treat 
NAION eyes [8–10]. Considering NAION as one of the 
most common optic neuropathies, with its unpredictable 
and often poor prognosis as well as the lack of definitive 
treatment, studies aimed at finding a therapy for NAION 
are of high importance. Neuroprotection is defined as a 
therapeutic strategy that aims to keep retinal ganglion cells 
(RGC) both alive and functional [11]. In recent years, neu-
roprotection therapy has been suggested as a potential 
strategy for NAION [12,13]. This review aims to critically 
evaluate the currently available literature on various neu-
roprotective strategies for NAION. 

Materials and Methods

Ethics statements

This review was conducted using the PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Me-
ta-Analysis) guidelines [14]. The study has been registered 
in PROSPERO (No. CRD42022333370). 

Search strategy and study selection

This review included studies that meet the following cri-
teria: (1) the study population included patients diagnosed 
with NAION or an animal model of NAION and (2) the 
study used a neuroprotector strategy that works directly to 
prevent neuronal damage. Our exclusion criteria were as 
follows: (1) full publication was unavailable; (2) case report 
or review; or (3) article not written in English. The review-
ers conducted a comprehensive search on four databases, 
including Pubmed, Science Direct, Proquest, and Cochrane 
Library. The search was performed by four reviewers. The 
search used the following keywords: “neuro-protective,” 
“neuro-protector,” “neuro-enhancement,” “neuro regenera-
tion,” “neuro rescue,” “non-arteritic ischemic optic neurop-
athy,” and “NAION,” including the MeSH (Medical Sub-
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removal

529 Records screened

27 Full-text articles assessed  
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24 Studies included

591 Records identified through
database searching

1 Additional records identified
through hand-searching

502   Records excluded as 
irrelevant to our subject

3 Full-text articles excluded
1 Review article
1 Case series
1   Article whose full text  

was not available

Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) flowchart illustrating the process of article selec-
tion. The article selection process commenced with a comprehensive database search and hand-searching, followed by a screening proce-
dure based on predetermined eligibility criteria. After careful screening and assessment of eligibility, a total of 24 studies were included 
in this review.
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ject Headings) terms when available. The search terms 
were adapted based on the requirements of each database 
and hand-searching bibliographies of relevant studies were 
performed. Results from each database were inserted into 
an online-based systematic review tool, Rayyan [15]. After 
duplicate removal, four reviewers (BMB, EA, RWP, ADN) 
performed the screening process independently using this 
tool without knowing the decision of other reviewers. The 
blinding feature was turned off after the screening process 
was finished. Then, disagreements between reviewers were 
resolved through discussion. The study selection process is 
illustrated in Fig. 1. 

Data extraction and quality assessment

Data from each study are extracted independently by 
four reviewers (BMB, EA, RWP, ADN). Studies were clas-
sified into two groups: animal study (Table 1) [16–36] and 
human study (Table 2) [37–39]. For animal studies, we ex-
tracted the data of RGC density or count as the primary 
outcome and apoptotic RGC count as the secondary out-
come. Meanwhile, for human studies, we used the retinal 
nerve fiber layer (RNFL) thickness as the outcome of in-
terest. Critical appraisal was performed by four reviewers 
with tools appropriate for the type of each study. Risk-of-
bias assessment for animal studies was performed using 
the SYRCLE tool [40] and visualized using the robvis tool 
[41]. SYRCLE tool consists of 10 domains. Each domain 
was evaluated and graded as low risk, unclear, or high risk. 
The risk-of-bias assessment for randomized controlled tri-
als (RCTs) was performed using RoB 2 tool [42], while the 
cohort study was evaluated using Newcastle-Ottawa Scale 
[43]. All critical appraisals were conducted independently 
by each reviewer. Disagreement between the four review-
ers were resolved through discussion. 

Results

The article selection process following the PRISMA 
guideline is described in Fig. 1 [14]. The systematic search 
identified 591 studies of which 24 met the eligibility crite-
ria, including 21 animal studies and three human studies. 
Studies in this review were from 2007 to 2021. This review 
included various neuroprotective treatments for NAION. 
Only a small number of studies evaluated the same treat-St
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ment. Four studies used granulocyte colony-stimulating 
factor (G-CSF), two studies used omega-3 polyunsaturated 
fatty acids (ω-3 PUFA), and two studies used rho-kinase 
inhibitor of different types (E212 and Y-27632). The results 
of the animal studies are presented in Table 1 [16–36].

Fourteen out of 21 animal studies in this review showed 
significantly higher RGC density (1.49- to 2.81-fold) with 
neuroprotective treatment compared to the control group. 
Eleven out of 12 studies that evaluated the apoptotic RGC 
count reported significantly lower numbers (2.0- to 44.9-
fold) in the treated group. Some studies that differentiated 
the analysis for central and mid-peripheral retina reported 
the same result for both analyses. The risk-of-bias assess-
ment results for these studies is moderate. Since many 
studies did not describe their method in detail, the domains 
were dominated by “unclear” results, as pictured in Fig. 2 
below. 

Two of three human studies in this review had also 
found a beneficial effect of preserving RNFL thickness, 
with one of them using erythropoietin and the other citico-
line. One study using levodopa found no significant differ-
ence between treatment and control group. The results of 
human studies are presented in Table 2 [37–39], as well as 
their risk-of-bias assessment results. Both RCTs in this re-
view have a low risk of bias, meanwhile, one cohort was 
rated “poor quality” due to poor comparability between 
the treatment and control group.

Discussion

To the best of our knowledge, this review is the first to 
assess the current literature about neuroprotective strate-
gies in NAION. This review has assessed many treatment 
options that use neuroprotection for NAION eyes. Most 
studies in this review are animal studies, while human 
studies about neuroprotective strategies for NAION are 
still very limited. Overall, neuroprotective treatment had 
shown good potential as a therapy for NAION. Most stud-
ies reported a significantly higher number of RGCs and a 
lower number of apoptotic RGCs in the treatment group. 
These results indicate a good result as the neuroprotective 
strategies have proven to be successful in preserving 
RGCs. 

This review has shown that the currently available liter-
ature about neuroprotective therapy for NAION is very di-Ta

bl
e 

2.
 R

es
ul

ts
 fr

om
 h

um
an

 st
ud

ie
s

St
ud

y
St

ud
y 

ty
pe

In
te

rv
en

tio
n

N
o.

 o
f 

sa
m

pl
es

R
N

FL
 th

ic
kn

es
s

O
ve

ra
ll 

ris
k 

of
 b

ia
s

In
te

rv
en

tio
n 

gr
ou

p
C

on
tro

l g
ro

up
p-

va
lu

e
Ly

ttl
e 

et
 a

l. 
[3

7]
 

(2
01

6)
R

et
ro

sp
ec

tiv
e 

co
ho

rt 
Le

vo
do

pa
: 2

5 
m

g 
ca

rb
id

op
a/

10
0 

m
g 

le
vo

do
pa

 th
re

e 
tim

es
 d

ai
ly

 w
ith

 m
ea

ls
 

fo
r 1

2 
w

k

59
M

ea
n 

re
du

ct
io

n:
 5

7.
1%

M
ea

n 
re

du
ct

io
n:

 6
2.

5%
0.

75
Po

or
 q

ua
lit

y*

N
ik

kh
ah

 e
t a

l. 
[3

8]
 

(2
02

0)
R

C
T

Er
yt

hr
op

oi
et

in
: 1

0,
00

0 
un

its
 o

f 
er

yt
hr

op
oi

et
in

 tw
ic

e 
a 

da
y 

fo
r 3

 d
ay

s
99

M
on

th
 3

: 1
10

 ±
 4

5 
μm

M
on

th
 3

: 1
19

 ±
 3

7 
μm

0.
42

3
Lo

w
 ri

sk
†

M
on

th
 6

: 8
8 

± 
12

 μ
m

M
on

th
 6

: 7
1 

± 
18

 μ
m

0.
04

1‡

Pa
ris

i e
t a

l. 
[3

9]
 

(2
01

9)
R

C
T

C
iti

co
lin

e:
 5

00
 m

g/
da

y 
of

 o
ra

l s
ol

ut
io

n 
ci

tic
ol

in
e 

fo
r a

 6
-m

on
th

 p
er

io
d 

fo
llo

w
ed

 
by

 3
 m

on
th

s o
f w

as
h-

ou
t

36
M

on
th

 6
 –

 b
as

el
in

e:
0.

05
52

 ±
 0

.0
52

9 
lo

g 
μ

M
on

th
 6

 –
 b

as
el

in
e:

–0
.0

51
0 

± 
0.

04
21

 lo
g 

μ
<0

.0
00

1‡
Lo

w
 ri

sk
†

M
on

th
 9

 –
 b

as
el

in
e:

0.
05

99
 ±

 0
.0

51
4 

lo
g 

μ
M

on
th

 9
 –

 b
as

el
in

e:
–0

.0
89

8 
± 

0.
07

28
 lo

g 
μ

<0
.0

00
1‡

R
N

FL
 =

 re
tin

al
 n

er
ve

 fi
be

r l
ay

er
; R

C
T 

= 
ra

nd
om

iz
ed

 c
on

tro
lle

d 
tri

al
.

* N
ew

ca
st

le
-O

tta
w

a 
Sc

al
e;

 † R
oB

 2
 to

ol
; ‡ St

at
is

tic
al

ly
 si

gn
ifi

ca
nt

.



335

BM Budihardja, et al.  Neuroprotective Strategies for NAION

G-CSF

G-CSF

Erythropoietin

MSC

Trabodenoson

Astaxanthin

Rho-kinase inhibitor

Minocycline

Progesterone

N-Butylidenephthalide

PGJ2

Estrogen

Ω-3 PUFA

Levodopa

Citicoline

MSC

Brimonidine

Ω-3 PUFA

Puerarin

Anti-Nogo antibody

Antiapoptosis
Anti-

inflammation

Blood-optic
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Fig. 3. Neuroprotective strategies for nonarteritic anterior ischemic optic neuropathy (NAION). Numerous neuroprotective strategies 
have been proposed as potential treatments for NAION. These strategies exert their effects through various mechanisms, such as antia-
poptosis, stabilization of the blood-optic nerve barrier, anti-inflammation, and neurotrophic mechanisms. Some strategies demonstrate 
neuroprotective effects through multiple mechanisms. However, further research is necessary to explore the efficacy and underlying 
mechanisms of these strategies. G-CSF = granulocyte colony-stimulating factor; ω-3 PUFA = omega-3 polyunsaturated fatty acids; MSC 
= mesenchymal stem cell; PGJ2 = 15-deoxy-Δ12,14-prostaglandin J2.

D1: Sequence generation (selection bias)
D2: Baseline characteristics (selection bias)
D3: Allocation concealment (selection bias)
D4: Random housing (performance bias)
D5: Blinding (performance bias)

D6: Random outcome assessment (detection bias)
D7: Blinding (detection bias)
D8: Incomplete outcome data (attrition bias)
D9: Selective outcome reporting (reporting bias)
D10: Other source of bias
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Fig. 2. Risk-of-bias assessment for all animal studies using SYRCLE [16]. While none of the studies exhibited a high risk of bias, several 
studies presented an “unclear” risk of bias due to lack of detailed description in the methods section. D = domain.
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verse. Many studies chose neuroprotective agents that have 
been previously used for other diseases, from stroke and 
spinal cord injury to other ocular conditions such as other 
optic neuropathies, age-related macular degeneration, and 
glaucoma. While various treatments are currently being 
evaluated, the amount of evidence for each treatment is 
still limited. In this review, the most commonly used neu-
roprotective strategy is by using G-CSF. Two out of four 
studies [17,18] have reported a good result of G-CSF, with 
one additional study [19] that reported a good result only 
when G-CSF is combined with meloxicam. Two studies 
using ω-3 PUFA also reported good results with higher 
RGC count and lower apoptotic RGCs [20,21]. Two studies 
used rho-kinase inhibitors of different types (E212 and 
Y-27632) and both reported significantly higher RGC count 
and lower apoptotic RGCs [22,23]. Other studies in this re-
view used different strategies from each other. Other 
agents who have shown good results in animal studies in-
clude puerarin, trabedonoson, intravitreal mesenchymal 
stem cell, astaxanthin, n-butylidenephthalide, vincamine, 
and PGJ2 (15-deoxy-Δ12,14-prostaglandin J2). Meanwhile, 
erythropoietin and citicoline had shown good results in 
human studies. But since these agents have shown good 
results in one study only, further studies are needed to 
support these findings. This review also included one non-
pharmacological strategy using hyperbaric oxygen treat-
ment that reported lower cell loss and fewer apoptotic 
RGCs in the treatment group which showed a good neuro-
protective effect. 

Mechanism of neuroprotection can vary between each 
agent, with the same goal of minimizing the damage and 
maximizing the recovery of the neural system after the in-
sult to keep the RGCs alive and functional [11,44]. Al-
though most of the mechanisms are not studied specifically 
in NAION, these mechanisms are used as the basis for ex-
ploring the potential of these agents for NAION eyes. Neu-
roprotective strategies in this review and their mechanisms 
are shown in Fig. 3. G-CSF can be used as a neuroprotec-
tive agent due to its anti-inflammation and antiapoptosis 
characteristics. G-CSF works as a cytokine that helps in 
recruiting extrinsic macrophages to tissues. Extrinsic mac-
rophage activation is able to enhance remyelination, elimi-
nate degenerated myelin, and improve axonal regeneration 
as well as neuronal survival. The antiapoptotic action of 
G-CSF works by activating various intracellular signaling 
pathways, mainly by the activation of phosphatidylinosi-

tol-3 kinase/protein kinase B [16,17,19]. Another neuropro-
tective agent, ω-3 PUFA, works also by reducing inflam-
mation. The ω-3 PUFA is able to direct the polarization of 
macrophage, from the proinflammatory to the proresolving 
M2 phenotype, therefore reducing the level of proinflam-
matory cytokines. Besides its anti-inflammation effect, ω-3 
PUFA also have a protective effect on the blood-optic 
nerve barrier by inhibiting matrix metalloproteinase pro-
duction and activity. In addition, ω-3 PUFA can also pro-
mote the expressions of neurotrophins, inhibit apoptosis, 
and improve cell survival [20,21]. Erythropoietin also of-
fers neuroprotective effects through multiple mechanisms, 
including antiapoptotic, anti-inflammatory, and antioxidant 
effects. It also indirectly gives neuroprotection by improv-
ing blood flow to the damaged tissue [38]. Citicoline works 
by inhibiting the apoptotic pathway that is induced by glu-
tamate [45]. It can also work as a neuroprotector due to its 
ability to stimulate phospholipid and dopamine [46]. Mean-
while, the mechanism by which levodopa can act as a neu-
roprotector in NAION is still uncertain. It has been pro-
posed that levodopa can improve visual acuity in NAION 
eyes by counteracting the reduced levels of dopamine in 
the retina, which helps in protecting the RNFL [37].

This systematic review has several limitations that needs 
to be taken in to account. First, many studies included in 
this review did not describe their method section in great 
detail, resulting in less-than-ideal risk-of-bias assessment 
results that are presented in Fig. 2. Second, the number of 
human studies included in this review is very limited com-
pared to animal studies. Since an evidence-based treatment 
for NAION is still unavailable to date, researchers have 
created rodent models of NAION. This model closely imi-
tates the human form of NAION and is used to understand 
the pathophysiology of this disease and to test potential 
treatments [47]. Although animal interventional studies are 
useful to explore the potential of a new treatment option, 
differences between animal studies and human studies 
should always be taken into consideration. In animal stud-
ies, the disease is often induced, intervention is given at a 
known time point regarding the induction, and the popula-
tion is usually homogenous [40]. This also applies to ani-
mal studies of NAION. In humans, NAION is affected by 
many factors, different from the NAION model which is 
induced by a photodynamic thrombosis. Many comorbidi-
ties can be found and should be taken into account when 
conducting a study on humans. The time between the on-
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set of disease to treatment can be long and undeterminable 
in humans. Furthermore, the amount of medication given 
may be insufficient for the damage. In humans, possible 
side effects should be considered more carefully, including 
possible secondary glaucoma or treatment-induced infec-
tion [48]. Considering all of these differences, it is logical 
that treatment that is effective in rats might not show the 
same effect in humans. Therefore, while animal studies are 
still an essential step in NAION therapy studies, transla-
tional human studies are needed to truly evaluate the effi-
cacy and safety of neuroprotective strategies for NAION. 
Thirdly, this review has not provided results regarding the 
visual function. This review only reported the neuropro-
tective effect by measuring the RGC and RNFL, but it has 
not reported the efficacy of these neuroprotective strate-
gies using a measure of visual function, such as visual 
acuity, visual field examination, or visual evoked potential. 
Although RGC and RNFL can portray the neuroprotective 
effect of each therapy, the efficacy should also be evaluat-
ed with functional assessment, since the aim of neuropro-
tection is not only to keep RGCs alive but also functional 
[11]. Lastly, this review did not include specific criteria for 
the duration between treatment and outcome measurement 
which makes the comparison between each strategy diffi-
cult. Nonetheless, this review has provided a comprehen-
sive view of various neuroprotector treatment strategies for 
NAION including both animal and human studies that can 
be useful for future research in the pursuit of an effective 
treatment for NAION patients. With more research in the 
area, reviews with specific neuroprotective strategy might 
be more useful in the search for an effective therapy for 
NAION. 

Conclusion

In conclusion, some neuroprotective treatments have 
shown encouraging results in its ability to preserve RGCs 
in animal model and human. However, many steps are still 
needed to prove the efficacy of each of these neuroprotec-
tive treatments for NAION. High-quality translational 
studies to study the efficacy in humans are needed, as well 
as studies that evaluate the safety and applicability of each 
of these neuroprotective treatments. Studies that evaluate 
the efficacy of these treatments using visual function pa-
rameters are also highly important. 
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