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Ganglion Cell Layer Thickness after Anti-Vascular Endothelial Growth Factor
Treatment in Retinal Vein Occlusion
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Purpose: To evaluate the effect of repeated intravitreal injections of anti-vascular endothelial growth factor (anti-VEGF) on the
thickness of the ganglion cell layer (GCL) in patients with retinal vein occlusion.

Methods: The present retrospective study included 60 patients with branch retinal vein occlusion and central retinal vein occlu-
sion who received more than 3 anti-VEGF injections. GCL thickness was measured using spectral-domain optical coherence
tomography. GCL thickness measurements were made at 9 Early Treatment Diabetic Retinopathy Study grid regions. We eval-
uated correlations between changes in the GCL thickness and other factors such as intraocular pressure, times of injection, and

changes in central macular thickness (CMT).

Results: As a result of multiple intravitreal anti-VEGF treatments, GCL thickness was significantly decreased from 42.99 + 5.39
t0 38.99 + 5.53 (p < 0.001). Changes in GCL thickness were correlated with CMT and the number of injections (p = 0.02 and p
= 0.048, respectively). However, multivariate analysis showed the change in mean GCL thickness in the retinal vein occlusion

(RVO) was strongly associated only with CMT (p < 0.001).

Conclusions: As a result of multiple intravitreal injections of anti-VEGF, GCL thickness decreased significantly in RVO patients

and changes in GCL thickness and CMT were correlated.
J Korean Ophthalmol Soc 2016;57(1):63-70
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SD—OCT measurement
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Figure 1. Automatic segmentation of retina by SD-OCT. (A) Segmentation editor view of retina by SD-OCT Spectralis software ver-
sion 0.6. A segmentation line marks and belongs to either a certain retinal structure (ILM, ELM, PRI, PR2, RPE, BM) or the outer
boundary of a retinal or sub-retinal layer (RNFL, GCL, IPL, INL, OPL, ONL, CHO). (B) Thickness map of GCL, RNFL, and IPL.
ILM = internal limiting membrane; RNFL = retinal nerve fiber layer; GCL = ganglion cell layer; IPL = inner plexiform layer; INL
= inner nuclear layer; OPL = outer plexiform layer; ELM = external limiting membrane; PR1 = first photoreceptor layer; PR2 =
second photoreceptor layer; RPE = retinal pigment epithelium; BM = Bruch's membrane; CHO = choroid; ETDRS = Early
Treatment Diabetic Retinopathy Study; SD-OCT = spectral domain optical coherence tomography; ONL = outer nuclear layer.
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Statistical analyses
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Table 1. Baseline characteristics of patients
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Table 3. Correlation of changes in GCLT with other variables

Variables r p—value*
Age (years) 0.129 0.326
Changes in IOP 0.082 0.535
Changes in CMT 0.392 0.002
No. of injections 0.256 0.048

GCLT = ganglion cell layer thickness; IOP = intra ocular pres-
sure; CMT = central macular thickness.
*Spearman correlation test.

BRVO CRVO Total p-value
No. of patients (eyes) 35 25 60 -
Male/female 14/21 13/12 27/33 0.434"
Age (years) 62.54 + 8.52 64.28 + 10.67 63.27 + 9.43 0.509
Follow up period (months) 19.54 + 17.41 22.44 + 17.16 20.75 £ 17.22 0.467"
No. of injections 5.26 + 2.59 6.48 + 10.67 5.77 + 3.27 0.329
Initial IOP (mm Hg) 14.02 + 2.37 16.28 + 2.59 14.97 + 2.69 0.001
Initial CMT (um) 385.83 + 135.94 463.56 + 158.92 418.22 + 149.72 0.062"
Initial average GCLT (um) 42.30 + 4.78 43.94 + 6.12 42.99 + 5.39 0.161"

Values are presented as mean + SD unless otherwise indicated.

BRVO = branch retinal vein occlusion; CRVO = central retinal vein occlusion; IOP

ness; GCLT = ganglion cell layer thickness.
*Chi-square test; ‘Mann-Whitney test.

Table 2. Changes in GCL and CMT before and after treatment

= intraocular pressure; CMT = central macular thick-

Total (BRVO + CRVO)

Pre-treatment Post-treatment p—value*

GCLT
Fovea (um) 22.20 + 10.02 18.25 + 8.25 0.038
SC (um) 54.47 +7.93 50.02 +£ 9.97 <0.001
SP (um) 37.37 +£5.95 34.42 + 7.57 0.003
NC (um) 54.97 + 7.46 50.97 + 8.18 <0.001
NP (um) 41.55 + 5.48 40.43 + 5.80 0.099
IC (um) 54.15 + 11.34 47.98 + 13.24 <0.001
IP (um) 35.60 + 6.46 33.20 +£ 6.72 0.003
TC (um) 49.85 + 8.38 41.87 + 8.59 <0.001
TP (um) 38.05 + 6.72 33.78 + 7.08 <0.001
Average 42.99 + 5.39 38.99 +5.53 <0.001
CMT (um) 418.22 + 149.72 306.93 + 89.02 <0.001

Values are presented as mean + SD unless otherwise indicated.
GCL = ganglion cell layer; CMT = central macular thickness; BRVO

= branch retinal vein occlusion; CRVO = central retinal vein occlu-

sion; GCLT = ganglion cell layer thickness; SC = superior-central; SP = superior-peripheral; NC = nasal-central; NP = nasal-peripheral;

IC = inferior-central; IP
*Paired r-test.

= inferior-peripheral; TC =
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temporal-central; TP =

temporal-peripheral.
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Table 4. Multivariate regression analysis~ of variables associated with GCL thickness

Variables 95% CI'

R—square* p—value*

Changes in CMT

0.0264-0.0577

0.048 <0.001

GCL = ganglion cell layer; CI = confidence interval; CMT = central macular thickness.
"Multivariate regression analysis after univariate regression 10% selection, backward elimination.

Figure 2. Changes in GCL thickness after multiple anti-VEGF injections in BRVO. Right eye of a 60-year-old woman with BRVO.
(A) Initial fundus photography and SD-OCT image with retinal hemorrhage at ST area and cystoid macular edema. (B) Initial thick-
ness map of GCL in BRVO patient. (C) Fundus photography and SD-OCT image after 7 anti-VEGF injections show reduction of
retinal hemorrhage and macular edema. (D) Thickness map of GCL in BRVO patient after 7 anti-VEGF injections. ETDRS = Early
Treatment Diabetic Retinopathy Study; GCL = ganglion cell layer; VEGF = vascular endothelial growth factor; BRVO = branch
retinal vein occlusion; SD-OCT = spectral domain optical coherence tomography; ST = superotemporal.

5 9015l 7HasttHZZE p=0.002, r 0.048) (Table 3).
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Figure 3. Changes in GCL thickness after multiple anti-VEGF injections in CRVO. Right eye of a 54-year-old man with CRVO. (A)
Initial fundus photography and SD-OCT image with diffuse retinal hemorrhage at ST area and cystoid macular edema. (B) Initial
thickness map of GCL in CRVO patient. (C) Fundus photography and SD-OCT image after 4 anti-VEGF injections show reduction
of retinal hemorrhage and macular edema. (D) Thickness map of GCL in CRVO patient after 4 anti-VEGF injections. ETDRS =
Early Treatment Diabetic Retinopathy Study; GCL = ganglion cell layer; VEGF = vascular endothelial growth factor; CRVO =
central retinal vein occlusion; SD-OCT = spectral domain optical coherence tomography; ST = superotemporal.
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= Z2XE =

UOHHMH A0 F2IMZLH HHIAIFR FAF =

MZEEMZESS FH Het

SH: yorgoimay Xt BHE AL HHIAFE FUS0] LeF MAENZY FYe F=XI YOIEIXt of3iCt,
CH&tat B Sofd Az X2 7|g=0| gle 60FQl Yo Nom A StXH Y2 X H 4 S Xt 35% 350 UorE Al FoimH 4
BIX} 25 259N 2 HAO 2 BIFCE 33| 0|A 9] S2|X|L HIHIAIZE ZRI&S A8 8IS ME 2 spectral domain optical coherence
tomography (SD-OCT)E O0[|Zot0 Y MPHEMEZS FHE =Yoot HlWSIUCE YUMBAENESS = 919 Early
Treatment Diabetic Retinopathy Study (ETDRS) ZAXHgrid) S0 22t S H Q. 1 He= LH0|, KA F=9| 3l ofet
o M3 FAULE/AC Ha S HAEHO| =KX= LorE UL,
Ao UHEA0l FE[ALY HHIAIRE A & LeF MAENEZE S it SH= 4299 + 539 um0i|M 3899 + 553 umz Rolot
UAE HUCHp<0.001), Y2 MAHMNESS S Hel=e SHYUFAL Heel R AU T St 0] AUUCE
(respectively, p=0.02, p=0.048). otX|2t CtHE MY HEA A SHYUFAL HEPH0| X2 = Lof MAHEMEZS S
Haoto] FeS 0|X|lE QU0 Z LIEFNCHp<0.001),
ZAE: YorYoimAf StXto A BHFE X0 SeHU SREUULIHEIX Fele & UoF MFHEMESY S FYotA 2ot
Ol SNYYSFAL He7t 71 2 g2 7Ixle Aoz el
(CLHBIOtTHEES| K| 2016;57(1):63-70)
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