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[Abstract] Objective To investigate cone density and retinal microvascular distribution characteristics in
idiopathic epiretinal membrane (IERM) by utilizing multimodal imaging techniques. =~ Methods A self-controlled
study was conducted. Twenty-eight patients (56 eyes) with unilateral IERM diagnosed at the Department of
Ophthalmology, Zhejiang Provincial People’s Hospital from November 2023 to April 2025 were enrolled. Patients”
best-corrected visual acuity (BCVA) was recorded. Cone density in the 2.4 mm X 2.4 mm macular area was
quantitatively measured using confocal scanning laser ophthalmoscopy (CSLO). The vascular density in both the
superficial vascular complex (SVC) and deep vascular complexes (DVC), along with the foveal avascular zone
(FAZ) area and perimeter within the 6 mmX6 mm macular region, were assessed by optical coherence tomography
angiography (OCTA). Visual acuity, cone density, and retinal microvascular parameters were compared between the
IERM group and the fellow-eye group. The correlations between each variable and the mean macular cone density

were analyzed. This study complied with the Declaration of Helsinki. The study protocol was approved by the Ethics
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Review Committee of Zhejiang Provincial People’s Hospital (No. KY2024038). Informed consent was obtained from
all participants before undergoing any examination. Results The BCVA (logMAR) in the IERM group was 0. 40
(0.30, 0.52), which was significantly poorer than 0.10 (0.00, 0.20) in the fellow-eye group, showing a
statistically significant difference (Z = - 4.546, P <0.001). The mean cone densities in the macular region,
superotemporal, inferotemporal, superonasal, and inferonasal regions in the IERM group were significantly higher
than those in the fellow-eye group (¢=5.453, 5.272, 4.815, 5.959, 5.698; all P<0.001). The SVC vascular
density in the IERM group was significantly higher than that in the fellow-eye group, while the FAZ area and
perimeter were significantly lower, and the differences were statistically significant (¢=2.300, -3.465, -2.729, all
P<0.05). No significant difference was observed in DVC vascular density between the two groups (¢1=-1.898, P=
0.123). Correlation analysis showed that the mean macular cone density was positively correlated with BCVA (r =
0.363, P=0.006) and negatively correlated with FAZ area (r=-0.297, P =0.048), but was not significantly
correlated with SVC vascular density, DVC vascular density, or FAZ perimeter (r=-0.003, -0.216, -0.197; all
P>0.05) in IERM eyes. Conclusions In IERM eyes, cone density and SVC vascular density are increased, FAZ

area is decreased, and cone density is negatively correlated with FAZ area. CSLO combined with OCTA may facilitate

a comprehensive evaluation of retinal microstructure.
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Figure 1 Schematic diagram of mean cone cell density measuring regions in the macular
area of an eye with IERM  A: An 8° macular CSLO image merged on a 60° fundus
photograph of the same eye B: The 2.4 mm X 2.4 mm fovea-centered CSLO cone image was
divided into four quadrants: superotemporal, inferotemporal, superonasal and inferonasal (red
dashed lines) C: Cone boundaries were segmented and mean cone density was automatically

calculated in the macular region using the built-in CSLO software. In this case, with an axial

length of 23.45 mm, the cone density in the superotemporal quadrant was 35 652 cells/mm?

IERM; idiopathic epiretinal membrane; CSLO: confocal scanning laser ophthalmoscopy
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Figure 2 Schematic diagram of vascular segmentation regions in the macular area of an
eye with IERM

inferotemporal, superonasal, and inferonasal quadrants measured by OCTA  C: The FAZ area

A, B: Vessel density values of SVC and DVC in the superotemporal,

and perimeter of this eye were 0.024 mm’ and 0.634 mm, respectively (red solid line)
TERM: idiopathic epiretinal membrane; OCTA: optical coherence tomography angiography;

SVC: superficial vascular complex; DVC: deep vascular complex; FAZ: foveal avascular zone
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Table 1 Comparison of average cone cell density between the IERM group and the fellow-eye group (x#s, cells/mm’)

451 HR % HHE X WL WH &l N
IERM A 28 36 471.79+7 502. 72 36 751.21+7 967. 49 36 257.57+7 464. 17 36 644.35+7 412. 06 36 234.05+7 315.25
X0 1 26 28 28 722.65+9 233.89 29 131.95+9 396. 62 28 799.89+9 532.82 28 573.29+9 095. 36 28 385.45+9 048. 02
t {8 5.453 5.272 4.815 5.959 5.698
P1H <0.001 <0.001 <0.001 <0.001 <0.001

G (WOXT ¢ K29 )  TERM A7 5 1 35 BE i 5

Note: (Paired ¢-test) IERM: idiopathic epiretinal membrane
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Table 2 Comparison of retinal microvascular related parameters between the

IERM group and the fellow-eye group (xzs)

415 % SVCIMEHEE (%) DVCMAEEE (%) FAZEH (mm®)  FAZ JHK (mm)
IERM 41 28 41.18+7.42 42.61+9.25 0.21+0.17 1.91+0. 99
XHMARL 28 38.07+5.20 46. 82+6. 42 0.35+0. 11 2.42+0. 47
o fH 2.300 -1.898 -3. 465 -2.729
P1H 0. 032 0.123 0. 002 0.013
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Note: (Paired i-test) IERM: idiopathic epiretinal membrane; SVC: superficial vascular complex;

DVC: deep vascular complex; FAZ: foveal avascular zone
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Figure 3 Scatter plots of the correlation between mean cone cell density in the macular area and
various indicators (n = 28) A: The mean cone cell density in the macular area was positively
correlated with BCVA (r,=0.363, P=0.006; Spearman rank correlation analysis) B: The mean cone
cell density in the macular area was negatively correlated with FAZ area (r=-0.297, P=0.048; Pearson
correlation analysis)  The solid line represented the regression fit line, and the dashed lines indicated the
95% confidence interval ~BCVA: best-corrected visual acuity; FAZ: foveal avascular zone; IERM:

idiopathic epiretinal membrane
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(AR HEE N 9% F)

BEH - AEHE - R

AR%LE A3 4808 5 2 IR iR g

AMD ; 4F % A1 56 P ¥ BEAS P (age-related macular degeneration)

ANOVA ; J5 2243 #7 (analysis of variance)

BUT ;. JH 5 % 24 15 [H] ( breakup time of tear film)

DR : 4% bR 9 0L % 5% 72 ( diabetic retinopathy)

EAU . SE5G 1 [ B G 8 M 45 4 I 4% (experimental autoimmune uveitis )

EGF . 3 f7 - K A F (epidermal growth factor)

ELISA . i 15 50 2 W B 1 %2 ( enzyme-linked immunosorbent assay )

ERG : P ’ 5 e, [ ( electroretinogram )

FFA . %¢ 6 % HR R 1148 1 52 (fundus fluorescein angiography)

FGF . i £F 4t 2 i £ 4 K] ¥ (fibroblast growth factor )

GFP: ﬁﬁﬁ)lﬂﬁ |t| ( green fluorescent prolein)

IFN-y:vy T # % (interferon-y)

IL: F 4l i & (interleukin)

IOL: A T f R 4K (intraocular lens)

IRBP ;Y 1] 32 1A 4 5 25 W 5 45 5 25 [ (interphotoreceptor retinoid
binding protein)

LASIK : #E 53 B #f B 5 A7 5 B8 R (laser in situ keratomileusis )

ICGA . W5| Wk 23 1L 45 ¥ 5% (indocyanine green angiography)

LECs : it R IR L f2 41 Bt (lens epithelial cells)

miRNA ; {7V RNA ( microRNA)

MMP . 3 5t 45 J& 2& 1 ¥ ( matrix metalloproteinase )

mTOR: i FL zh ¥ X & A % X 0 & X ( mammalian target of

rapamyecin )

MTT ; P4 2548 0 e £E ( methyl thiazolyl tetrazolium)
NF : B 5% 5 P F (nuclear factor)
OCT ; Ya2= A1 T 87 )2 49 (optical coherence tomography)
OR . f# Lt (odds ratio)
PACG : Ji & 1 ) #1075 Y6 R ( primary angle-closure glaucoma)
PCR : A i 4% 3 X i ( polymerase chain reaction)
RGCs : P I JIE 755 4 Jii ( retinal ganglion cells)
POAG . JiL % 1 JF ff A1 %5 JEHR ( primary open angle glaucoma)
RB : #8 I} I B 41 Jitg 98 ( retinoblastoma)
RPE . #0  I {4 F _[- JZ (retinal pigment epithelium)
RNV . #1 W f5 8 A 1L % ( retinal neovascularization)
RP : 4 ¥ 5 €2, 3 75 4 (retinitis pigmentosa)
ST t: FEAH K 53 W U5 ( Schirmer 1 test)
shRNA ;%7 % J¢ RNA (short hairpin RNA)
siRNA . /N T3 RNA (small interfering RNA)
a-SMA ; oI WAL ZE H (a-smooth muscle actin)
TAO ; R B AH 5 HR 9% ( thyroid-associated ophthalmopathy )
TGF . 7 b 4= £ A F (transforming growth factor)
TNF ; J}if 98 R FE R F (tumor necrosis factor)
UBM ; #8 7 A= ¥ B 3 5% (ultrasound biomicroscope)
VEGF : IfiL % P % 4 K I F (vascular endothelial growth factor)
VEP . #5875 & B 037 ( visual evoked potential )
(T )





