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Background. This meta-analysis is aimed at assessing the peripapillary vessel density (VD) and structural outcomes using optical
coherence tomography angiography (OCTA) in patients with nonarteritic anterior ischemic optic neuropathy (NAION).
Methods. A comprehensive search of PubMed, Embase, Cochrane Library, and Web of Science databases for literature
comparing VD and structural outcomes in patients with NAION and controls was performed. Mean differences (MDs) and its
95% confidence interval (CI) were calculated for continuous estimates. Review Manager (V5.30) was used for analysis. Results.
Fourteen published studies met the requirement. The radial peripapillary capillary (RPC) whole enface VD measured by OCTA
was significantly lower in patients with NAION compared to that of the controls (MD =-10.51, P < 0.00001). The RPC inside
disc VD was significantly decreased in the NAION group than that in the control group (MD =-8.47, P <0.00001). For RPC
peripapillary VD, there was a statistically significant difference between patients with NAION and the controls (MD = -12.48, P
<0.00001). The peripapillary retinal nerve fibre layer (p-RNFL) thickness was significantly lower in patients with NAION in
comparison to the controls (MD =-22.18, P=0.004). The ganglion cell complex (GCC) thickness in the macular zone of
NAION patients was remarkably reduced compared to that in the controls (MD =-17.18, P =0.0002). Conclusions. The
findings suggested that the peripapillary VD and RNFL thickness were attenuated, and the macular GCC thickness was reduced
in patients with NAION. OCTA4, in the future, may facilitate the diagnosis and monitoring of patients with NAION.

1. Introduction

Nonarteritic anterior ischemic optic neuropathy (NAION) is
a visually threatening optic neuropathy characterised by sud-
den and rapidly painless vision loss, altitudinal visual field
defect, and optic disc oedema [1]. NAION is estimated to
occur in 2.3-10.3 per 100,000 individuals in the middle-
aged and elderly population [2, 3]. Although the underlying
mechanism of NAION remains unknown, the available evi-

dence reveals that it may be associated with perfusion defi-
ciency of the optic nerve head (ONH) microcirculation that
is predominantly supplied by the short posterior ciliary arter-
ies [4-6]. The probable risk factors that increase the onset of
NAION include hypertension, hypercholesterolemia, diabe-
tes mellitus, nocturnal hypotension, and obstructive sleep
apnoea [7-10].

Currently, several imaging modalities have been
employed to detect optic disc microvasculature in NAION
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[11]. Among these imaging techniques, fundus fluorescein
angiography (FFA) is currently the standard procedure to
recognize the impaired ONH blood flow in NAION [12].
However, FFA is an invasive procedure and does not quanti-
tatively assess optic disc vascular structures at different layers
[13]. As for laser Doppler velocimetry, delayed ONH blood
flow has been found in patients with NAION; however, it
cannot provide quantitative assessment of the vasculature
in the ONH [14]. Optical coherence tomography angiogra-
phy (OCTA) is a new, noninvasive imaging technology that
can quantify the blood flow within the retina and choroid
without needing fluorescein dye injection [15]. Several stud-
ies conducted by OCTA have demonstrated decreased vessel
densities in the ONH and radial peripapillary capillary (RPC)
in the eyes with NAION [16-18]. Prior studies also revealed
that the reduced vessel density of the peripapillary retina was
significantly correlated with the peripapillary retinal nerve
fibre layer (p-RNFL) thickness and visual field mean defect
[19, 20]. However, to our knowledge, there has been no
meta-analysis comprehensively investigating the peripapil-
lary vessel density and structural features related to patients
with NAION.

Therefore, the current meta-analysis was carried out to
address this issue and provide robust evidence for ophthal-
mologists to properly manage patients with NAION.

2. Materials and Methods

2.1. Search Strategy. This meta-analysis was performed fol-
lowing the Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) statement [21], and no ethical
approval was needed. Two independent investigators com-
prehensively searched the electronic databases including
PubMed, Embase, Cochrane Library, and Web of Science
from inception through 31 May 2020 to identify relevant lit-
erature. To achieve maximum numbers of articles, the fol-
lowing search terms were used: ((((OCTA) OR (OCT
angiography)) OR (optical coherence tomographic angiogra-
phy)) OR (optical coherence tomography angiography))
AND (((Non-arteritic Anterior Ischemic Optic Neuropathy)
OR (non-arteritic anterior ischemic optic neuropathy)) OR
(NAION)). English-language articles were regarded as
eligible. All discrepancies were resolved by deliberation with
each other or discussion with the third author.

2.2. Study Selection. Studies were included in this meta-
analysis if they met the following criteria: (1) they are original
articles; (2) they are studies comparing patients with NAION
(including acute and nonacute (equivalent to chronic)
NAION) with healthy controls; (3) OCTA data were pro-
vided as mean + standard deviation (SD); and (4) primary
outcomes included radial peripapillary capillary (RPC) whole
enface vessel density (VD), RPC inside disc VD, RPC peripa-
pillary VD, p-RNFL thickness, and macular ganglion cell
complex (GCC) thickness.

The exclusion criteria were as follows: (1) case series,
abstracts, posters, animal studies, reviews, comments, and
meta-analyses; (2) study objective did not meet the inclusion
criteria; (3) duplicate publication from the same study; (4)
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study outcomes could not be extracted; and (5) study results
were unclearly reported.

2.3. Data Extraction and Quality Assessment. Two indepen-
dent authors (Ling Ling and Kaibao Ji) independently
extracted the data from the included studies, and disagree-
ments were resolved by discussion with the third author.
The following data were collected from the included articles:
first author, location, publication year, study design, sample
size, mean age, sex ratio, type of OCTA, primary outcomes,
and quality of a study. The quality assessment of the included
studies was performed according to the Newcastle-Ottawa
scale, which provided a score range of 0 to 9 points, with a
higher score (>5) indicating better quality [22].

2.4. Statistical Analysis. The Review Manager Software Ver-
sion 5.30 (Cochrane Collaboration, Oxford, UK) was used
for analysis. Mean differences (MDs) and its 95% confidence
interval (CI) were calculated for continuous estimates. Het-
erogeneity among studies was performed using the chi-
square statistic test and I statistic test. I* values of 25%,
50%, and 75% represented mild, moderate, and high hetero-
geneity, respectively. A fixed-effect model was employed
when no significant heterogeneity existed among studies;
otherwise, the random-effect model was used. Potential
publication bias was assessed by the funnel plot. P < 0.05
was considered a significant difference.

3. Results

3.1. Literature Search Results. The selection process of litera-
ture retrieval and screening is presented in Figure 1. A total of
265 potential articles were initially searched from the data-
bases (PubMed: 110, Web of Science: 50, Embase: 105, and
Cochrane Library: 0), of which 87 duplicated articles were
excluded. In addition, 154 articles were excluded after
reviewing the titles and abstracts. The residual 24 articles
were in detail screened for the full text; three studies had
unqualified data, three did not meet the inclusion criteria,
and for the other four studies, data could not be extracted.
Finally, fourteen articles [19, 20, 23-34], with a total of 783
eyes (313 in the NAION group and 470 in the control group),
were included in the meta-analysis.

The basic characteristics of the included articles are
summarized in Table 1, and the quality assessment results
of the included studies are reported in Table 2.

3.2. Main Results

3.2.1. Peripapillary Vessel Density Analysis in Patients with
NAION and the Controls. All fourteen studies, including
783 eyes (313 in the NAION group and 470 in the control
group), reported on the RPC whole enface vessel density.
The pooled mean difference (MD) for RPC whole enface ves-
sel density (VD) between the NAION and control groups was
-10.51 (95% CI: -12.63 to -8.39, P < 0.00001, Figure 2), with
significant heterogeneity across studies (chi*=197.43, P <
0.00001, I* =93%, Figure 2), showing that the RPC whole
enface VD was lower in the NAION group. The subgroup
analyses were also performed in this group. The pooled
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FIGURE 1: The selection process of literature retrieval and screening.

results indicated that the RPC whole enface VD was signifi-
cantly lower in the acute NAION and nonacute NAION
groups than that in the control groups (MD =-10.38, 95%
CI: -14.16 to -6.59, P <0.00001; MD =-11.33, 95% CI:
-12.59 to -10.06, P <0.00001, respectively, Figure 3), but
there was substantial heterogeneity among the studies in
the acute NAION subgroup (chi? = 133.0, P < 0.00001, I* =
96%, Figure 3).

In addition, five studies, including 280 eyes (115 in the
NAION group and 165 in the control group), reported on
the RPC inside disc VD of their participants. The summary
MD in the RPC inside disc VD between these two groups
was -8.74 (95% CI: -11.93 to -5.00, P < 0.00001, Figure 4),
revealing that RPC inside disc VD was lower in patients with
NAION, but a high heterogeneity was established among the
studies for this outcome (chi® = 37.76, P < 0.00001, I* = 89%,
Figure 4). The subgroup results also demonstrated that RPC
inside disc VD was remarkably lower in the acute NAION
group than that in the control group (MD =-7.57, 95% CI:
-10.88 to -4.27, P < 0.00001, Figure 5), with substantial het-
erogeneity across studies (chi? = 12.35, P =0.002, I* = 84%,
Figure 5).

Furthermore, seven studies, including 368 eyes (155 in the
NAION group and 213 in the control group), calculated the
RPC peripapillary VD between the groups. The difference
was significant between the two groups (MD = —-12.48, 95%
CI: -15.59 to -9.37, P < 0.00001, Figure 6), but there was high
heterogeneity among the studies of this outcome (chi* = 40.52
, P =0.002, I = 85%, Figure 6). The summary MD in the sub-
group analysis was significantly lower in the nonacute NAION
subjects than that in the control subjects (MD = -13.07, 95%
CI: -17.20 to -8.93, P < 0.00001, Figure 7), but there was sub-
stantial heterogeneity found among the studies (chi® = 35.40,
P < 0.00001, I* = 89%, Figure 7).

3.2.2. Peripapillary Structure Analysis in Patients with
NAION and the Controls. In terms of peripapillary structure,
we analysed the p-RNFL thickness, showing that the pooled
MD in the NAION group was significantly decreased than
that in the control group (MD = -22.18, 95% CI: -37.27 to
-7.10, P=0.004, Figure 8), with high heterogeneity
(chi? = 288.17, P < 0.00001, I* = 97%, Figure 8). In subgroup
analysis, the p-RNFL thickness of the acute NAION group
was comparable to that of the control group (MD = —4.56,
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TaBLE 1: The basic characteristics of the included studies.
Mean age . Number Gender OCTA RPC.
Study Place Study design scan size Outcomes
(years) of eyes (M/F) type
(mm)
558+ 10.6 Cross- Cases: 33 RPC whole enface VD, RPC inside
Fard et al. [19] Iran 51' 541 9' 5 sectional Controls: None Optovue 4.5%4.5 disc VD, RPC peripapillary VD, p-
D study 81 RNFL thickness
Mastropasqua USA 68.1+4.3  Case-control g(a);etsrzoﬁ 9/13 Optovue 4.5x 4.5 RPC whole enface VD, RPC
et al. [20] 63.9+7.0 study 23 “oam P ' " peripapillary VD, p-RNFL thickness
. Prospective  Cases: 10 .
Abri Aghdam Iran 56.80 + 6.81 observational Controls: 4/6 Optovue 4.5x 4.5 RPC whole enface VD, RPC inside
et al. [23] 27.90+ 11.70 e P 7% disc VD, RPC peripapillary VD
study 10
. Cross- Cases: 37
Aghsaei Fard Iran 55.46 +11.38 sectional Controls: 216 Ontovue 4.5x 4.5 RPC whole enface VD, p-RNFL
et al. [24] 55.26 + 15.69 study 54 C22/32 P ' " thickness, macular GCC thickness
Cross- Cases: 25 o
Al-Nashar and Eovpt 60.2+3.5 sectional Controls: 14/11 Optovue 4.5%4.5 RPC whole enface VD, RPC inside
Hemeda [25] 8YP 60.2+3.5 ©o1am P oo disc VD
study 25
Retrospective  Cases: 26 FAZ-S, FAZ-D, FSVD, RPC whole
Augstburger France 66.9 +10.1 case—cintrol Cont1:015' 16/8 Optovue 3% 3 enface VD, RPC peripapillary VD, p-
et al. [26] 66.0+9.2 o 16/8 P RNFL thickness, macular GCC
study 24 .
thickness
Cross- Cases: 31
54.1+11 . 16/15 RPC whole enface VD, p-RNFL
: 4.5x4.5 >
Fard et al.[27] USA 5844103 sectional Controls: 35/42 Optovue X thickness
study 77
Cross- Cases: 29
55.2+11.8 . 14/15 RPC whole enface VD, p-RNFL
: 4.5x4.5 i
Fard et al. [28] Iran 470+ 111 sectional Controls: 21/27 Optovue thickness, macular GCC thickness
study 48
Prospective  Cases: 15
66.4+14.2 . - 8/3 RPC whole enface VD, p-RNFL
Hataetal. [29]  Japan 61.3+19.1 observational Controls: 6/8 Optovue 3 X3 thickness
study 19
5904107 Prospective  Cases: 13 6/7 RPC whole enface VD, RPC
Liuetal [30]  Taiwan 51' 4+1 4'1 observational ~Controls: 711 Optovue 4.5%4.5 peripapillary VD, p-RNFL thickness,
T study 18 macular GCC thickness
. . 59.90 + 10.70 Cr9ss— Cases: 10 4/6 .RP(.Z whole enface VD, RPC
Liuetal [31]  Taiwan sectional Controls: Optovue 4.5x4.5 peripapillary VD, p-RNFL thickness,
55.74 +£14.51 14/13 .
study 27 macular GCC thickness
Pierro et al. Ttal 46.9 £ 12.5 seirtiocjrsl;l gz;e;:o}:. 9% 1 on 45x45 RPCwholeenface VD, p-RNFL
32] Y 475183 S Y P R thickness
study 15
Sharmaetal. o 69 (61-82) szzzrzgﬁfrrﬁl ((::;;frsoli 32 o ovse 45x45 RPCwhole enface VD, RPC inside
[33] &ap 68 (52-82) * None P oo disc VD
study 19
Cross- Cases: 41
. 56.4 +8.38 . 14/16 RPC whole enface VD, RPC inside
: 4.5 x 4. >
Songetal. [34]  China 55 57\ g 9g Se;?l‘ér;al Cor;té"ls' 1218 OPtovue 45X45 T 4 VD, RPC inside disc VD

95% CI: -63.11 to 54.00, P = 0.88, Figure 9), but patients with
nonacute NAION had significantly thinner p-RNFL than the
controls (MD = 30.59, 95% CI: -35.58 to -25.60, P < 0.00001,
Figure 9), and the heterogeneity in both subgroups was high
(chi® =216.13, P <0.00001, I* = 99%; chi* =15.81, P=0.01,
I? = 62%, respectively, Figure 9).

In addition, as to macular structure, we reported on mac-
ular GCC thickness between the NAION and control groups.
There was significant thinning of GCC in the NAION group

compared with the controls, with the MD of -17.18 (95% CI:
-26.34 to -8.03, P=0.0002, Figure 10) between the two
groups and high heterogeneity among the studies
(chi2 =50.63, P <0.00001, I* =92%, Figure 10). Then, the
subgroup analysis indicated that GCC thickness of the nona-
cute NAION group was significantly lower than that of the
control group (MD =-20.41, 95% CI: -28.27 to -12.54, P <
0.00001, Figure 11), and the heterogeneity was significant
(chi* =17.79, P=10.0005, I* = 83%, Figure 11).
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TaBLE 2: NOS for assessing study quality.

Study Selection Comparability Exposure Total score
Fard et al. [19] 3 2 3 8
Mastropasqua et al. [20] 3 2 3 8
Abri Aghdam et al. [23] 3 0 3 6
Aghsaei Fard et al. [24] 3 2 3 8
Al-Nashar and Hemeda [25] 3 2 3 8
Augstburger et al. [26] 3 1 3 7
Fard et al. [27] 3 2 3 8
Fard et al. [28] 3 2 3 8
Hata et al. [29] 3 2 3 8
Liu et al. [30] 3 2 3 8
Liu et al. [31] 3 2 3 8
Pierro et al. [32] 2 2 3 7
Sharma et al. [33] 3 2 3 8
Song et al. [34] 3 2 3 8
NAION Control Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% Cl 1V, random, 95% Cl

Abri Aghdam K, 2018~ 4846 4.44 10 5672 085 10  7.0%  -8.26 [-11.06, -5.46]

Aghsaei Fard M, 2020 43.99 6.89 37 5838 257 54  7.3% -1439[-1671,-12.07] T

Al-Nashar HY, 2020 447 21 25 565 29 25  7.7% -11.80[-13.20,-10.40] -

Augstburger E, 2018 4599 56 26 573 33 24 72% -11.31[-13.84,-8.78] —

Fard MA, 2017 300 6 31 423 23 77 7.3% -1220[-14.37,-10.03] —_

Fard MA, 2018 481 57 29 628 35 48  7.3% -1470[-17.00,-12.40] T

Fard MA, 2019 459 58 33 565 34 81 7.4% -10.60 [-12.71,-8.49] -

Hata M, 2017 50 47 15 62 44 19 68% -12.00[-15.09,-891] e

Liu CH, 2017 439 64 13 536 34 18  63%  -9.70 [-13.52,-5.88] _—

Liu Chun-H, 2017 4307 52 10 5304 289 27  6.6%  -9.97 [-13.37,-6.57] —

Mastropasqua R, 2018 46 4 22 56 323 74% -10.00 [-12.07,-7.93] "

Pierro L, 2020 40 1 15 45 1 15 79%  -500[-5.72,-428] -

Sharma S, 2017 535 37 6 643 24 19  68% -10.80 [-13.95,-7.65] e

Song Y, 2017 5207 7.68 41 5868 316 30  7.1%  —-6.61[-9.22,-4.00] —

Total (95% Cl) 313 470 100.0% -10.51 [-12.63, -8.39] >

Heterogeneity: Tau” = 14.67; Chi’ = 197.43, df = 13 (P < 0.00001); I’ = 93% t t t t

-20 -10 0 10 20

Test for overall effect: Z = 9.73; (P < 0.00001)

Favours (NAION)

Favours (control)

FIGURE 2: Forest plot showing RPC whole enface vessel density in NAION groups and control groups. RPC: radial peripapillary capillary.

NAION Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% Cl IV, random, 95% Cl
1.2.1 Acute NAION vs. control
Abri Aghdam K, 2018 48.46 4.44 10 56.72 0.85 10 16.3% -8.26 [-11.06, -5.46] -
Al-Nashar HY, 2020 44.7 2.1 25 565 29 25 17.4% -11.80 [-13.20, -10.40] -
Fard MA, 2018 48.1 5.7 29 628 3.5 48 16.7% -14.70 [-17.00,-12.40] —
Hata M, 2017 50 4.7 15 62 44 19 159%  -12.00 [-15.09, -8.91] -
Pierro L, 2020 40 1 15 45 1 15 17.7% -5.00 [-5.72, -4.28] -
Sharma S, 2017 535 3.7 6 643 24 19 159% -10.80[-13.95,-7.65] —
Subtotal (95% Cl) 100 136 100.0% -10.38 [-14.16, -6.59] -
Heterogeneity: Tau® = 20.92; Chi’ = 133.00, df = 5 (P < 0.00001); I’ = 96%
Test for overall effect: Z = 5.37; (P < 0.00001)
1.2.2 Nonacute NAION vs. control
Aghsaei Fard M, 2020 43.99 6.89 37 58.38 2.57 54 157% -14.39[-16.71,-12.07] — =
Augstburger E, 2018 4599 5.6 26 573 33 24 14.4% -11.31[-13.84,-8.78] —
Fard MA, 2017 30.1 6 31 423 23 77 16.9% -12.20 [-14.37,-10.03] =
Fard MA, 2019 459 58 33 565 34 81 17.3% -10.60 [-12.71, -8.49] -
Liu CH, 2017 439 64 13 536 34 18 8.3% -9.70 [-13.52, -5.88] -
Liu Chun-H, 2017 43.07 5.2 10 53.04 2.89 27 9.8% -9.97 [-13.37,-6.57] -
Mastropasqua R, 2018 6 4 22 56 323 17.7% -10.00 [-12.07,-7.93] -
Subtotal (95% Cl) 172 304 100.0% -11.33 [-12.59, -10.06] ‘
Heterogeneity: Tau” = 1.23; Chi’ = 10.63, df = 6 (P < 0.10); I” = 44%
Test for overall effect: Z = 17.58; (P < 0.00001)
-10 -5 0 5 10
Favours (NAION) Favours (control)

FIGURE 3: Forest plot for RPC whole enface vessel density between two subgroup analyses. RPC: radial peripapillary capillary.



6 BioMed Research International
NAION Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95% Cl 1V, random, 95% CI
Abri Aghdam K, 2018 41.64 491 10 5458 435 10 175% -12.94[-17.01,-8.87] -
Al-Nashar HY, 2020 429 35 25 495 17 25 221%  -6.60 [-8.13, -5.07] -
Fard MA, 2019 42 88 33 565 34 81 19.5% -1450[-17.59,-1141]  — =
Sharma S, 2017 532 1.6 6 58 35 19 214% = -4.80[-6.83,-2.77] =
Song Y, 2017 4877 818 41 533 544 30 194%  -4.53[-7.70,-1.36] —_—
Total (95% Cl) 115 165 100.0%  -8.47 [-11.93, -5.00] -
Heterogeneity: Tau” = 13.50; Chi’ = 37.76, df = 13 (P < 0.00001); I” = 89% o o o 1 2

Test for overall effect: Z = 4.79; (P < 0.00001)

Favours (NAION) Favours (control)

FIGURE 4: Forest plot comparing RPC inside disc vessel density in NAION patients and controls. RPC: radial peripapillary capillary.

Mean difference
1V, random, 95% Cl

Mean difference
IV, random, 95% Cl

NAION Control
Study or subgroup Mean SD Total Mean SD Total Weight
2.2.1 Acute NAION vs. control
Abri Aghdam K, 2018 41.64 4.91 10 54.58 4.35 10 25.6%
Aghsaei Fard M, 2020 429 35 25 495 1.7 25 38.3%
Sharma S, 2017 532 1.6 6 58 35 19 36.1%
Subtotal (95% CI) 41 54 100.0%

Heterogeneity: Tau’ = 6.81; Chi’ = 12.35, df = 2 (P < 0.002); I” = 84%
Test for overall effect: Z = 4.49; (P < 0.00001)

2.2.2 Nonacute NAION vs. control
Fard MA, 2019 42 88
Subtotal (95% Cl)

Heterogeneity: Not applicable

Test for overall effect: Z = 9.19; (P < 0.00001)

33
33

56.5 3.4 81 100.0%

81 100.0%

~12.94 [-17.01, -8.87)
-6.60 [-8.13, -5.07]
~4.80 [-6.83, -2.77)
757 [-10.88, -4.27]

‘+**

~14.50 [-17.59, -11.41]
-14.50 [-17.59, -11.41]

10 20

Favours (NAION) Favours (control)

FI1GURE 5: Forest plot for RPC inside disc vessel density in two subgroup analyses. RPC: radial peripapillary capillary.

NAION Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% Cl IV, random, 95% Cl
Abri Aghdam K, 2018 49.47 5.42 10 62.75 2.76 10 13.7% -13.28[-17.05,-9.51] -
Augstburger E, 2018 46.16 6.3 26 63.77 2.7 24 152% -17.61 [-20.26,-14.96] —
Fard MA, 2019 483 74 33 621 46 81 15.1% -13.80 [-16.52,-11.08] —
Liu CH, 2017 483 7.7 13 61.6 3 18 12.7% -13.30[-17.71,-8.89] -
Liu Chun-H, 2017 47.58 6.64 10 61.41 2.87 27 13.0% -13.83[-18.09,-9.57] -
Mastropasqua R, 2018 52 5 22 59 3 23 15.5% -7.00 [-9.42, -4.58] —_—
Song Y, 2017 53.03 9.19 41 61.98 3.23 30 14.7% -8.95[-11.99,-5.91] _—
Total (95% Cl) 155 213 100.0% -12.48 [-15.59, -9.37] -

Heterogeneity: Tau’ = 14.72; Chi’ = 40.52, df = 6 (P < 0.00001); I* = 85%
Test for overall effect: Z = 7.86; (P < 0.00001)

Favours (NAION) Favours (control)

FIGURE 6: Forest plot indicating RPC peripapillary vessel density between patients with NAION and the controls. RPC: radial peripapillary

capillary.
NAION Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, random, 95% Cl 1V, random, 95% Cl
3.2.1 Acute NAION vs. control
Abri Aghdam K, 2018 49.47 5.42 10 62.75 2.76 10 100.0% -13.28 [-17.05, -9.51] t
Subtootal (95% Cl) 10 10 100.0% -13.28 [-17.05, -9.51]
Heterogeneity: Not applicable
Test for overall effect: Z = 6.90; (P < 0.00001)
3.2.2 Nonacute NAION vs. control
Augstburger E, 2018 46.16 6.3 26 63.77 2.7 24 21.0% -17.61[-20.26,-14.96] —*—
Fard MA, 2019 483 74 33 621 4.6 81 20.9% -13.80[-16.52,-11.08] -
Liu CH, 2017 483 77 13 6L6 3 18 182% -1330[-17.71,-8.89]
Liu Chun-H, 2017 47.58 6.64 10 61.41 2.87 27 185% -13.83[-18.09,-9.57] -
Mastropasqua R, 2018 52 5 22 59 323 21.3% -7.00 [-9.42, -4.58] —
Subtootal (95% Cl) 104 173 100.0% -13.07 [-17.20,-8.93] <@
Heterogeneity: Tau’ = 19.34; Chi’ = 35.40, df = 4 (P < 0.00001); I* = 89%
Test for overall effect: Z = 6.19; (P < 0.00001)
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FI1GURE 7: Forest plot for RPC peripapillary vessel density between two subgroup analyses. RPC: radial peripapillary capillary.
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NAION Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% Cl 1V, random, 95% Cl
Aghsaei Fard M, 2020 77.03  23.4 37 109.19 123 54 10.1% -32.16 [-40.38, -23.94] -
Augstburger E, 2018 70.89 152 26 95.67 10.76 24 10.1% -24.78 [-32.04, -17.52] -
Fard MA, 2017 59.8 163 31 982 103 77 10.2% -38.40 [-44.58, -32.22] -
Fard MA, 2018 157.8  27.5 29 1015 6.8 48 9.9% 56.30 [46.11, 66.49] -
Fard MA, 2019 655 21.1 33 102.5 6.7 81 10.1% -37.00 [-44.35, -29.65] -
Hata M, 2017 62.6 144 15 1025 137 19 10.0% -39.90 [-49.44, -30.36] -
Liu CH, 2017 79.3 27.8 13 98.3 7.6 18 9.4% -19.00 [-34.51,-3.49] -
Liu Chun-H, 2017 75.2 12.59 10 99.37 6.85 27 10.1% -24.17 [-32.39, -15.95] -
Mastropasqua R, 2018 78 113 221092 162 23 10.1% -31.20 [-39.33, -23.07] -
Pierro L, 2020 85 16 15 115 10 15 10.0% -30.00 [-39.55, -20.45] -
Total (95% Cl) 231 386 100.0% -22.18 [-37.27, -7.10] -
Heterogeneity: Tau® = 570.26; Chi’ = 288.17, df = 9 (P < 0.00001); I” = 97% t t t t
Test for overall effect: Z = 2.88; (P < 0.004) -50 -25 0 25 50
Favours (NAION) Favours (control)

FIGURE 8: Forest plot of p-RNFL thickness in patients with NAION and the controls. p-RNFL: peripapillary retinal nerve fibre layer.

NAION Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% Cl 1V, random, 95% ClI
4.2.1 Acute NAION vs. control
Fard MA, 2018 157.8 275 29 1015 68 48 33.3% 56.30 [46.11, 66.49] —
Hata M, 2017 62.6 14.4 15 1025 13.7 19 33.3% -39.90 [-49.44, -30.36] —
Pierro L, 2020 85 16 15 115 10 15 333% -30.90 [-39.55, -20.45] —
Subtotal (95% Cl) 59 82 100.0%  -4.56 [-63.11,-54.00] = o —
Heterogeneity: Tau’ = 2652.69; Chi” = 216.13, df = 2 (P < 0.00001); I” = 99%
Test for overall effect: Z = 0.15; (P < 0.88)
4.2.2 Nonacute NAION vs. control
Aghsaei Fard M, 2020 77.03 234 37 109.19 123 54 145% -32.16 [-40.38, -23.97] -
Augstburger E, 2018 70.89 15.2 26  95.67 10.76 24 159% -24.78 [-32.04, -17.52] -
Fard MA, 2017 59.8 163 31 982 103 77 17.5% -38.40 [-44.58, -32.22] -
Fard MA, 2019 65.5 211 33 102.5 6.7 81 15.8% -37.00 [-44.35,-29.65] -
Liu CH, 2017 793 27.8 13 98.3 7.6 18 7.2% -19.00 [-34.51, -3.49] -
Liu Chun-H, 2017 75.2 12.59 10 99.37 6.85 27 145% -24.17 [-32.39, -15.95] -
Mastropasqua R, 2018 78 113 221092 162 23 14.6% -31.20 [-39.33,-23.07] -
Subtotal (95% Cl) 172 304 100.0% -30.59 [-35.58, -25.60] L 2
Heterogeneity: Tau’ = 27.13; Chi’ = 15.81, df = 6 (P < 0.01); I” = 62%
Test for overall effect: Z = 12.01; (P < 0.00001)
t t t t
-50 -25 0 25 50
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FI1GURE 9: Forest plot for p-RNFL thickness in two subgroup analyses. p-RNFL: peripapillary retinal nerve fibre layer.

Mean difference
1V, random, 95% Cl

Mean difference
1V, random, 95% Cl

NAION Control

Study or subgroup Mean SD Total Mean SD Total Weight

Aghsaei Fard M, 2020  75.04 15 37 99.09 5.7 54 21.4%
Augstburger E, 2018 60.66 10.7 26 84.08 84 24 21.3%
Fard MA, 2018 917 10.7 29 965 53 48 21.9%
Liu CH, 2017 75.3 10.3 13 1025 29.7 18 14.3%
Liu Chun-H, 2017 107 6.55 10 117 9.71 27 21.2%
Total (95% Cl) 115 171 100.0%

Heterogeneity: Tau” = 95.30; Chi’ = 50.63, df = 4 (P < 0.00001); I” = 92%
Test for overall effect: Z = 3.68; (P < 0.0002)
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FIGURE 10: Forest plot of macular GCC thickness in NAION patients and controls. GCC: ganglion cell complex.

3.2.3. Publication Bias. Funnel plots summarized the poten-
tial publication bias of RPC whole enface VD, RPC inside
disc VD, RPC peripapillary VD, and macular GCC thickness
among the studies. The results revealed that the distribution
of studies was not an obvious asymmetry, indicating the
absence of significant publication bias (Figures 12-15).

4. Discussion

To the best of our knowledge, this is the first meta-analysis to
investigate the peripapillary microvascular and structural
changes using OCTA in patients with NAION and control
subjects. Fourteen eligible studies including 783 eyes were
analysed in this meta-analysis. In the review, we pooled the

mean RPC whole enface, RPC inside disc, and RPC peripa-
pillary vessel densities of study participants, as well as their
p-RNFL and macular GCC thicknesses. Our data figured
out that there were significantly reduced peripapillary vessel
density, p-RNFL thickness, and macular GCC thickness in
patients with NAION compared to that of control subjects.
And the funnel plots suggested no obvious publication bias.

Recently, some studies have used OCTA to assess the
peripapillary microvascular in NAION eyes, suggesting
reduced vessel densities of the RPC in the eyes with NAION,
as well as reduced p-RNFL thickness [16-19]. Our current
evidences reinforced the findings of the previous studies
[35-37]. However, substantial heterogeneity was shown in
our meta-analysis. Three studies contributed to the major
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NAION Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% Cl 1V, random, 95% CI
5.2.1 Acute NAION vs. control
Fard MA, 2018 91.7 10.7 29 965 53 48 100.0% -4.80 [-8.97, -0.63] t
Subtotal (95% Cl) 29 48 100.0% -4.80 [-8.97, -0.63]
Heterogeneity: Not applicable
Test for overall effect: Z = 2.25; (P = 0.02)
5.2.2 Nonacute NAION vs. control
Aghsaei Fard M, 2020  75.04 15 37 99.09 5.7 54  28.6% -24.05[-29.12,-18.98] — =
Augstburger E, 2018 60.66 10.7 26 84.08 84 24 28.3% -23.42[-28.73,-18.11] — = —
Liu CH, 2017 753 103 13 1025 297 18 15.1% -27.20 [-42.02,-12.38] ¢
Liu Chun-H, 2017 107 655 10 117 971 27 281% -10.00 [-15.47, -4.53] —
Subtotal (95% Cl) 86 123 100.0% -20.41[-28.27, -12.54] i
Heterogeneity: Tau” = 49.61; Chi” = 17.79, df = 3 (P < 0.0005); I” = 83%
Test for overall effect: Z = 5.09; (P < 0.00001)
72'0 71'0 0 l’O 2’0
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F1GURre 11: Forest plot for macular GCC thickness in two subgroup analyses. GCC: ganglion cell complex.
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bias. RPC: radial peripapillary capillary; VD: vessel density.

07 i
|

e)

11 )
|

o) :o
52 o
= |
53] 1
© 34 I
|
|
|
41 |
|
|
S |

20  -10 0 10 20
MD

F1GURE 13: A funnel plot of RPC inside disc VD in NAION patients
and controls indicating the absence of significant publication bias.
RPC: radial peripapillary capillary; VD: vessel density.

heterogeneity of the RPC whole enface VD—Abri Aghdam
et al. [23], Pierro et al. [32], and Song et al. [34]. The I* mea-
surement for this item significantly declined from 93% to
44% (chi®> =17.97, P =0.06), after the removal of the above

study that reported RPC inside disc VD in the nonacute
NAION subgroup; therefore, no heterogeneity was observed.
The MDs were still significant after the removal of these two
studies—Fard et al. [19] and Pierro et al. [32], but the sample
numbers were relatively small within the groups. As to RPC
peripapillary VD, two studies contributed majorly to the het-
erogeneity of this analysis—Mastropasqua et al. [20] and
Song et al. [34]. The I* measurement for this parameter sig-
nificantly declined from 85% to 34% (chi* =6.10, P=0.19)
after removing the above two studies, subsequently resulting
in decreased heterogeneity from 89% to 43% (chi® = 5.30, P
=0.15) in the nonacute NAION subgroup. No heterogeneity
was found in the acute NAION subgroup, as merely one
study reported the data. The MD estimates of this parameter
were still significantly different after the two studies were
excluded from analysis, suggesting results were robust.
Previous studies revealed that the peripapillary RNFL
and GCC thicknesses decreased in the NAION eyes [38,
39]. In addition, reduced peripapillary VD was significantly
correlated with p-RNFL thickness loss and visual field defect
[20, 24, 40]. Here, we also reported decreased p-RNFL thick-
ness and macular GCC thickness in patients with NAION
compared with controls, but with significant heterogeneity.
We observed that the mean p-RNFL thickness was the lowest
in Fard et al. [27]; however, the mean p-RNFL thickness was
the highest in Fard et al. [28]. This may contribute to the high
heterogeneity of the studies. The apparent heterogeneity
decreased from 97% (chi®>=288.17, P <0.00001) to 49%
(chi?=13.71, P=0.06) after excluding these two studies,
and the pooled result was similar (P =0.004; P <0.00001,
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FIGURE 15: A funnel plot of macular GCC thickness in patients with
NAION and the controls suggesting no significant publication bias.
GCC: ganglion cell complex.

respectively). In subgroup analysis, the p-RNFL thickness in
the acute NAION group was significantly reduced compared
to that of the controls (P=0.88; P <0.00001, respectively)
after removing Fard et al. [28], and the heterogeneity signif-
icantly decreased from 99% (chi® =216.13, P <0.00001) to
52% (chi® =2.07, P = 0.15). Meanwhile, the heterogeneity in
the nonacute NAION subgroup also decreased from 62%
(chi®? =15.81, P=0.01) to 48% (chi®>=9.57, P=0.09) after
removing Fard et al. [27], but the pooled result was similar
(P <0.00001; P<0.00001, respectively) [27]. In addition,
two other studies contributed significant heterogeneity to
GCC thickness [28, 31]. Homogeneity was reached after
removing these two studies together (chi®=0.22, P=0.89,
I? =0.0%). The homogeneity was achieved in the nonacute
NAION subgroup analysis after excluding the study—Liu
et al. [31].

All the above results suggested that the reduced peripa-
pillary VD with NAION was unlikely to be due to the selec-
tion bias. We speculated some other factors, for instance,
mean age of patients with NAION, percentage of male or

female, sample size, geographical area, and ethnic differences,
which may have contributed to the high heterogeneity in our
analysis.

There are several potential limitations to be considered in
our meta-analysis. Firstly, the sample size included in the
study was comparatively small and the quality of the evi-
dence was relatively low. Secondly, the pooled estimates
should be interpreted carefully, as high heterogeneity existed
in this meta-analysis. Thirdly, the source of heterogeneity
could not be fully determined as a result of insufficient data
to perform comprehensive metaregression. Finally, although
we did not register the protocol of our study in the PROS-
PERO database, no corresponding protocols of this subject
were found in the database. Future prospective and large-
scale cohort studies or intervention trials should be carried
out to validate our results.

In conclusion, our findings showed that the peripapillary
vessel density and RNFL thickness were attenuated in
patients with NAION when compared with controls. Fur-
thermore, we revealed that the macular GCC thickness was
also reduced in patients with NAION. OCTA, in the future,
may become a useful technique in the diagnosis and moni-
toring of patients with NAION.

Data Availability

All data are fully available without any restrictions.

Conflicts of Interest

The authors have no competing interests.

Authors’ Contributions

Ling Ling and Wentian Zhou did the conceptualization; Kai-
bao Ji and Qinglin Zhang performed data curation and anal-
ysis; Liping Xie and Feifei Gao helped in the software; Kaibao
Ji and Yiqiao Xing performed the validation; Wentian Zhou
did the supervision; Ling Ling and Kaibao Ji wrote the origi-
nal draft; Ling Ling and Wentian Zhou wrote, reviewed, and
edited the manuscript. Ling Ling and Kaibao Ji contribute
equally to this work.

Acknowledgments

This study was supported by the National Natural Science
Foundation of China (grant no. 81660159), the Key Research
Development Foundation of Jiangxi Province (grant no.
20171BBG70098), the Health Development Planning Com-
mission Science Foundation of Jiangxi Province (grant no.
20201074), and the Key Education Department Foundation
of Jiangxi Province (grant no. 190162).

References

[1] L. A. Levin and H. V. Danesh-Meyer, “Hypothesis: a venous
etiology for nonarteritic anterior ischemic optic neuropathy,”
Archives of Ophthalmology, vol. 126, no. 11, pp. 1582-1585,
2008.



10

(2]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

T. Chen, D. Song, G. Shan et al., “The association between dia-
betes mellitus and nonarteritic anterior ischemic optic neurop-
athy: a systematic review and meta-analysis,” PLoS One, vol. 8,
no. 9, article e76653, 2013.

Y. Wu, L. M. Zhou, H. Lou, J. W. Cheng, and R. L. Wei, “The
association between obstructive sleep apnea and nonarteritic
anterior ischemic optic neuropathy: a systematic review and
meta-analysis,” Current Eye Research, vol. 41, no. 7, pp. 987-
992, 2016.

S.S. Hayreh, K. M. Joos, P. A. Podhajsky, and C. R. Long, “Sys-
temic diseases associated with nonarteritic anterior ischemic
optic neuropathy,” American Journal of Ophthalmology,
vol. 118, no. 6, pp. 766-780, 1994.

E.J. Atkins, B. B. Bruce, N. J. Newman, and V. Biousse, “Trans-
lation of clinical studies to clinical practice: survey on the treat-
ment of nonarteritic anterior ischemic optic neuropathy,”
American Journal of Ophthalmology, vol. 148, no. 5, p. 809, 2009.
S. S. Hayreh, “Management of ischemic optic neuropathies,”
Indian Journal of Ophthalmology, vol. 59, no. 2, pp. 123-136,
2011.

D. M. Cestari, E. D. Gaier, P. Bouzika et al., “Demographic,
systemic, and ocular factors associated with nonarteritic ante-
rior ischemic optic neuropathy,” Ophthalmology, vol. 123,
no. 12, pp. 2446-2455, 2016.

M. S. Lee, D. Grossman, A. C. Arnold, and F. A. Sloan, “Inci-
dence of nonarteritic anterior ischemic optic neuropathy:
increased risk among diabetic patients,” Ophthalmology,
vol. 118, no. 5, pp. 959-963, 2011.

S. L. Bernstein, M. A. Johnson, and N. R. Miller, “Nonarteritic
anterior ischemic optic neuropathy(NAION) and its experi-
mental models,” Progress in Retinal and Eye Research,
vol. 30, no. 3, pp. 167-187, 2011.

N. R. Miller, “Current concepts in the diagnosis, pathogenesis,
and management of nonarteritic anterior ischemic optic neu-
ropathy,” Journal of Neuro-Ophthalmology, vol. 31, no. 2,
pp. el-e3, 2011.

E. Rechtman, A. Harris, R. Kumar et al., “An update on retinal
circulation assessment technologies,” Current Eye Research,
vol. 27, no. 6, pp. 329-343, 2009.

S. Oto, G. Yilmaz, S. Cakmakci, and P. Aydin, “Indocyanine
green and fluorescein angiography in nonarteritic anterior
ischemic optic neuropathy,” Retina, vol. 22, no. 2, pp. 187-
191, 2002.

K. Ghasemi Falavarjani, J. J. Tian, H. Akil, G. A. Garcia, S. R.
Sadda, and A. A. Sadun, “Swept-source optical coherence
tomography angiography of the optic disk in optic neuropa-
thy,” Retina, vol. 36, Supplement 1, pp. S168-S177, 2016.

N. J. Collignon-Robe, G. T. Feke, and J. F. Rizzo, “Optic nerve
head circulation in nonarteritic anterior ischemic optic neu-
ropathy and optic neuritis,” Ophthalmology, vol. 111, no. 9,
pp. 1663-1672, 2004.

L. Ling, F. Gao, Q. Zhang et al., “Optical coherence tomogra-
phy angiography assessed retinal and choroidal microvascula-
ture features in patients with retinitis pigmentosa: a meta-
analysis,” BioMed Research International, vol. 2019, Article
ID 6723917, 8 pages, 2019.

N. Balducci, M. Morara, C. Veronese et al., “Optical coherence
tomography angiography in acute arteritic and non-arteritic
anterior ischemic optic neuropathy,” Graefe's Archive for Clin-
ical and Experimental Ophthalmology, vol. 255, no. 11,
pp. 2255-2261, 2017.

(17]

(18]

(19]

(20]

(21]

[22]

(23]

(24]

(25]

(26]

(27]

(28]

[29]

(30]

BioMed Research International

G. Rebolleda, L. Diez-Alvarez, Y. Garcia Marin, V. de Juan,
and F. J. Mufioz-Negrete, “Reduction of peripapillary vessel
density by optical coherence tomography angiography from
the acute to the atrophic stage in non-arteritic anterior ischae-
mic optic neuropathy,” Ophthalmologica, vol. 240, no. 4,
pp. 191-199, 2018.

E. D. Gaier, M. Wang, A. L. Gilbert, J. F. Rizzo, D. M. C. DM,
and J. B. Miller, “Quantitative analysis of optical coherence
tomographic angiography (OCT-A) in patients with non-
arteritic anterior ischemic optic neuropathy (NAION) corre-
sponds to visual function,” PLoS One, vol. 13, no. 6, article
€0199793, 2018.

M. A. Fard, S. Yadegari, H. Ghahvechian, S. Moghimi,
R. Soltani-Moghaddam, and P. S. Subramanian, “Optical
coherence tomography angiography of a pale optic disc in
demyelinating optic neuritis and ischemic optic neuropathy,”
Journal of Neuro-Ophthalmology, vol. 39, no. 3, pp. 339-344,
2019.

R. Mastropasqua, L. Agnifili, E. Borrelli et al., “Optical coher-
ence tomography angiography of the peripapillary retina in
normal-tension glaucoma and chronic nonarteritic anterior
ischemic optic neuropathy,” Current Eye Research, vol. 43,
no. 6, pp. 778-784, 2018.

D. Moher, A. Liberati, J. Tetzlaff, and D. G. Altman, “Preferred
reporting items for systematic reviews and meta-analyses: the
PRISMA statement,” BM]J, vol. 339, no. jul21 1, p. b2535, 2009.
Y. Yao, R. Li, J. Du, L. Long, X. Li, and N. Luo, “Interleukin-6
and diabetic retinopathy: a systematic review and meta-analy-
sis,” Current Eye Research, vol. 44, no. 5, pp. 564-574, 2019.
K. Abri Aghdam, M. Ashraf Khorasani, M. Soltan Sanjari et al.,
“Optical coherence tomography angiography features of optic
nerve head drusen and nonarteritic anterior ischemic optic
neuropathy,” Canadian Journal of Ophthalmology, vol. 54,
no. 4, pp. 495-500, 2019.

M. A. Fard, M. Salabati, R. Mahmoudzadeh et al., “Automated
evaluation of parapapillary choroidal microvasculature in
ischemic optic neuropathy and open angle glaucoma,” Investi-
gative Opthalmology & Visual Science, vol. 61, no. 3, p. 35,
2020.

H. Y. Al-Nashar and S. Hemeda, “Assessment of peripapillary
vessel density in acute non-arteritic anterior ischemic optic
neuropathy,” International Ophthalmology, vol. 40, no. 5,
pp. 1269-1276, 2020.

E. Augstburger, P. Zéboulon, C. Keilani, C. Baudouin, and
A. Labbé, “Retinal and choroidal microvasculature in nonarteri-
tic anterior ischemic optic neuropathy: an optical coherence
tomography angiography study,” Investigative Ophthalmology
& Visual Science, vol. 59, no. 2, pp. 870-877, 2018.

M. A. Fard, Y. Suwan, S. Moghimi et al., “Pattern of peripapil-
lary capillary density loss in ischemic optic neuropathy com-
pared to that in primary open-angle glaucoma,” PLoS One,
vol. 13, no. 1, article e0189237, 2018.

M. A. Fard, J. Jalili, A. Sahraiyan et al., “Optical coherence
tomography angiography in optic disc swelling,” American
Journal of Ophthalmology, vol. 191, pp. 116-123, 2018.

M. Hata, A. Oishi, Y. Muraoka et al., “Structural and func-
tional analyses in nonarteritic anterior ischemic optic neurop-
athy: optical coherence tomography angiography study,”
Journal of Neuro-Ophthalmology, vol. 37, no. 2, pp. 140-148,
2017.

C. H. Liu, L. Y. Kao, M. H. Sun, W. C. Wu, and H. S. Chen,
“Retinal vessel density in optical coherence tomography



BioMed Research International

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

angiography in optic atrophy after nonarteritic anterior ische-
mic optic neuropathy,” Journal of Ophthalmology, vol. 2017,
Article ID 9632647, 7 pages, 2017.

C. H. Liu, W. C. Wu, M. H. Sun, L. Y. Kao, Y. S. Lee, and H. S.
Chen, “Comparison of the retinal microvascular density
between open angle glaucoma and nonarteritic anterior ische-
mic optic neuropathy,” Investigative Ophthalmology ¢ Visual
Science, vol. 58, no. 9, pp. 3350-3356, 2017.

L. Pierro, A. Arrigo, E. Aragona, M. Cavalleri, and F. Bandello,
“Vessel density and vessel tortuosity quantitative analysis of
arteritic and non-arteritic anterior ischemic optic neuropa-
thies: an optical coherence tomography angiography study,”
Journal of Clinical Medicine, vol. 9, no. 4, article 1094, 2020.

S. Sharma, M. Ang, R. P. Najjar et al.,, “Optical coherence
tomography angiography in acute non-arteritic anterior isch-
aemic optic neuropathy,” The British Journal of Ophthalmol-
0gy, vol. 101, no. 8, pp. 1045-1051, 2017.

Y. Song, J. Y. Min, L. Mao, and Y. Y. Gong, “Microvasculature
dropout detected by the optical coherence tomography angi-
ography in nonarteritic anterior ischemic optic neuropathy,”
Lasers in Surgery and Medicine, vol. 50, no. 3, pp. 194-201,
2018.

Y. H. Wang, J. Ma, L. Y. Gan et al., “Optic nerve morphology
and vessel density in eyes with different phases of non-
arteritic anterior ischemic optic neuropathy,” Zhonghua Yan
Ke Za Zhi, vol. 55, no. 9, pp. 677-686, 2019.

C. Bellusci, G. Savini, M. Carbonelli, V. Carelli, A. A. Sadun,
and P. Barboni, “Retinal nerve fiber layer thickness in nonar-
teritic anterior ischemic optic neuropathy: OCT characteriza-
tion of the acute and resolving phases,” Graefe's Archive for
Clinical and Experimental Ophthalmology, vol. 246, no. 5,
Pp. 641-647, 2008.

E. Wright Mayes, E. D. Cole, S. Dang et al., “Optical coherence
tomography angiography in nonarteritic anterior ischemic
optic neuropathy,” Journal of Neuro-Ophthalmology, vol. 37,
no. 4, pp. 358-364, 2017.

D. Aggarwal, O. Tan, D. Huang, and A. A. Sadun, “Patterns of
ganglion cell complex and nerve fiber layer loss in nonarteritic
ischemic optic neuropathy by Fourier-domain optical coher-
ence tomography,” Investigative Ophthalmology & Visual Sci-
ence, vol. 53, no. 8, pp. 4539-4545, 2012.

M. A. Fard, M. Afzali, P. Abdi, M. Yasseri, K. B. Ebrahimi, and
S. Moghimi, “Comparison of the pattern of macular ganglion
cell-inner plexiform layer defect between ischemic optic neu-
ropathy and open-angle glaucoma,” Investigative Ophthalmol-
ogy & Visual Science, vol. 57, no. 3, pp. 1011-1016, 2016.

Y. Jia, J. M. Simonett, ]. Wang et al., “Wide-field OCT angiog-
raphy investigation of the relationship between radial peripa-
pillary capillary plexus density and nerve fiber layer
thickness,” Investigative Ophthalmology & Visual Science,
vol. 58, no. 12, pp. 5188-5194, 2018.

11



	Optical Coherence Tomography Angiography Assessment of the Peripapillary Vessel Density and Structure in Patients with Nonarteritic Anterior Ischemic Optic Neuropathy: A Meta-Analysis
	1. Introduction
	2. Materials and Methods
	2.1. Search Strategy
	2.2. Study Selection
	2.3. Data Extraction and Quality Assessment
	2.4. Statistical Analysis

	3. Results
	3.1. Literature Search Results
	3.2. Main Results
	3.2.1. Peripapillary Vessel Density Analysis in Patients with NAION and the Controls
	3.2.2. Peripapillary Structure Analysis in Patients with NAION and the Controls
	3.2.3. Publication Bias


	4. Discussion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

