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Purpose: This study aimed to assess the short-term changes of macular microstructures following anti-VEGF and anti-inflammatory
therapies in patients with macular edema secondary to retinal vein occlusion (RVO-ME).

Patients and Methods: In this retrospective study, 70 eyes of 70 patients with RVO-ME were divided into the anti-VEGF (Group A,
35 eyes) and anti-inflammatory (Group B, 35 eyes) treatment groups. All patients underwent best-corrected visual acuity (BCVA)
assessment, intraocular pressure (IOP) assessment, slit lamp, fundus fluorescein angiography (FA), scanning laser ophthalmoscopy
(SLO), and spectral-domain optical coherence tomography (SD-OCT). Group A received intravitreal injection of 0.05 mL anti-VEGF
antibodies (Lucentis® or Aflibercept™) monthly for 3 consecutive months, while Group B received 0.7 mg dexamethasone (Ozurdex™)
single intravitreal injection. BCVA and SD-OCT biomarkers were recorded at baseline and 3 months after the first injection. Changes
of BCVA and SD-OCT biomarkers following these treatments were compared between the two groups.

Results: BCVA and SD-OCT biomarkers, except choroidal thickness, in both groups were significantly improved after treatment (all P <0.01).
At 3 months, the height of serous retinal detachment (SRD) was markedly lower (P = 0.006), with significantly less hyperreflective dots (HRD,
P =0.037) in Group B compared with Group A. Other SD-OCT biomarkers and BCVA were not significantly different between the two groups
(all P>0.05).

Conclusion: Anti-VEGF and anti-inflammatory therapies are both effective in RVO-ME, with improvement in BCVA and SD-OCT
biomarkers. Anti-inflammatory therapy may be more effective than anti-VEGF therapy in SRD and HRD resolution.
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Introduction
Retinal vein occlusion (RVO) is one of the most common visual impairments due to abnormal retinal vessels. The
incidence rates of CRVO and BRVO are 0.1-0.3% and 0.4-2.7%, respectively.' ® Macular edema (ME) is a predominant
complication in patients with RVO, which manifests as blurred and deformed vision.”'® The majority of CRVO patients
have macular edema, and 5-15% BRVO patients develop ME. In total, RVO-ME is estimated to affect 1.36—4.47 million
individuals in the world.®"!

Multiple therapies are available for RVO-ME. Over the past decade, intravitreal drugs have become the first-line
treatment of ME. Anti-VEGF drugs have shown excellent efficacy in treating ME in RVO patients in the BRAVO and
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CRUISE trials.'*'® Haller et al also demonstrated the great effect of DEX in improving visual acuity and macular
anatomy in RVO patients with ME through 12 months of observation.'* However, criteria for choosing anti-VEGF (AVF)
or anti-inflammatory (AIM) therapy remain unspecified.

At present, spectral-domain optical coherence tomography (SD-OCT) is the most effective non-invasive examination
method for assessing macular edema and enables ophthalmologists to recognize structural biomarkers of the macula.
Each microstructure for morphological categorization of the macula can be distinguished by OCT. Moreover, as shown
previously, disorganization of retinal inner layers (DRIL), external limiting membrane (ELM) disruption, ellipsoid zone
(EZ) disruption, hyperreflective dot (HRD) amounts, and serous retinal detachment (SRD) height are all predictors of
BCV after treatment.'>'® Eldeeb et al demonstrated that the change of DRIL extent is firmly correlated with BCVA
improvement or decline.'” Additionally, studies have proposed that HRD might be activated microglia, so their number
may indicate the inflammatory level in ME patients.?’ Evaluating OCT biomarkers after AVF and AIM is important for
selecting the optimal treatment for patients with RVO-ME.

In this study, we evaluated SD-OCT-derived microstructural parameters in the macula to compare changes in SD-
OCT-related biomarkers of RVO-ME after AVF and AIM.

Patients and Methods

Study Design

This was a retrospective, comparative and randomized study, carried out at the the First Affiliated Hospital of Zhengzhou
University. Patients with RVO-ME who received intravitreal injections from November 28, 2018 to May 14, 2021 were
included. The study was approved by the institutional review board (ID: 2021-KY-0423) and conducted following the
Declaration of Helsinki. Because of anonymization and the retrospective design, the institutional review board waived
the need for written informed consent.

Study Population

Seventy eyes of 70 patients with RVO-ME were enrolled in this study. Among these cases, 33 and 37 were classified as
non-ischemic and ischemic, respectively. Ischemic was defined as the presence of 5 disc areas of retinal non-perfusion in
BRVO, and 10 disc areas of retinal non-perfusion in CRVO.'%*' The study included 35 patients treated with AVF
(Lucentis or Eylea) injection and 35 administered AIM (Ozurdex) injection. Treatment-naive ME patients due to RVO
with CMT >250pum who received 3 AVF injections or 1 AIM injection at baseline, with a minimum follow-up of 4
months (from initial RVO-ME diagnosis) were included. Those with other retinal diseases (diabetic retina disease,
myopia and rhegmatogenous retinal detachment), glaucoma, refractive interstitial turbidity (cataract or vitreous opacity),
eye tumor, and optic nerve diseases were excluded.

Clinical Study Protocol

Patients were treated with anti-VEGF injections (Group A) or anti-inflammatory injections (Group B) according to
EURETINA.'® Group A patients received injections of 0.05 mL AVF antibodies monthly for three consecutive months
according to the 3+pro re nata (PRN) schedule. Patients in Group B received a 0.7-mg DEX injection in the first month.
All patients had exhaustive ophthalmic examinations, including BCVA, I0P, OCT, SLO, and FFA assessments, before

and three months after the first injection.”*?*

Image Analysis

OCT images were acquired using 6-mm line (vertical and horizontal) scans centered on the fovea by SD-OCT in high
resolution mode (Heidelberg Spectralis OCT, Heidelberg Engineering, Germany). Within a 2 mm radius of the fovea, the
discontinuous length of each retinal layer structure (inner layer, ELM and EZ), total areas of the intraretinal cyst (IRC),
hyperrefiective dot (HRD) number, serous retinal detachment (SRD) height and the presence of fovea bulge were
manually measured by the same experienced ophthalmologist twice (Xuefei Ding), and the averages were used for
analysis.
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DRIL was defined as a condition in which boundaries between the ganglion cell-inner plexiform layer (GCL-IPL)
complex, inner nuclear layer (INL) and outer plexiform layer (OPL) could not be recognized in OCT images24
(Figure 1Aa; and a,). ELM is a linear conflux of adherens junctions between Muller cells and photoreceptors, which
serves as a barrier between the inner retina and the subretinal area (Figure 1Ab). The EZ is displayed as the second
hyperreflective band in OCT scans, and represents a biomarker of photoreceptors® (Figure 1Ac). IRC manifests as
a stretched and circular low-reflection area in the neural retina® (Figure 1B). SRD is displayed as a non-reflective cavity
in the subretinal with no shadow of artifact in the B-scan of OCT?’ (Figure 1C). Foveal bulge (FB) appears as a bulge at
the central in the EZ line®® (Figure 1D). HRDs were defined as particles with 20-40-um diameters and equal or higher
reflectivity than the RPE* (Figure 1E). All scans were processed with Image J 1.48 (National Institutes of Health, USA).

Statistical Analysis

Statistical analysis was performed with SPSS 26.0 (SPSS. Inc., USA). A normality test was used for all variables. Data were
expressed as mean+SD with normal distribution, or as medium (interquartile range) otherwise. Data conforming to normal
distribution were compared by a parametric test, while non-normally distributed data were compared with a non-parametric
test. Paired #-test and the Wilcoxon signed-rank test were applied to evaluate changes in all biomarkers and BCVA in the same
group. Independent samples #-test and the Mann—Whitney test were used to compare baseline data and treatment effects
between the two groups. Spearman correlation analysis was performed to assess all parameters, and multiple linear regression
was performed for changes of BCVA and eligible biomarkers of the macula, respectively. P<0.05 was considered statistically
significant.

Results

Patient Characteristics

In this study, 70 eyes of 70 patients with ME secondary to RVO were included. Considering the different drugs, the patients
were divided into Group A (AVF) and Group B (AIM). There were 17 (48.5%) male patients in Group A and 20 (57.1%) in
Group B. Mean ages in Groups A and B were 53.69+12.29 years and 51.26+14.21, respectively. Totally 19 (54.2%) cases
were branch retinal vein occlusion (BRVO) in Group A versus 18 (51.4%) in Group B. Totally 16 (45.7%) cases belonged to
the non-ischemic type in Group A versus 17 (48.5%) in Group B. There were no significant differences (all P>0.05)
between the two groups in all patient characteristics. Baseline characteristics of OCT images were shown in Table 1.

BCVA

Mean BCVA values in both groups at baseline and after treatment are listed in Table 2. After injection, BCVA values in
Groups A and B were significantly improved (both P<0.001). Compared with pretreatment values, mean BCVA
increased from 0.79+0.50 to 0.22 (0.31) in group A, and from 0.93£0.64 to 0.40 (0.60) in Group B. BCVA values
after injection had no significant differences between the two groups.

Biomarkers of SD-OCT Images
All optical biomarkers derived from SD-OCT images are shown in Table 2. The inter-measurement correlation
coefficients were all higher than 0.950 (P<0.05). Both groups showed significantly improved CMT, CT, SRD height,
total area of IRC, length of disruption structures (DRIL, ELM and EZ), and amounts of HRDs after injection (all
P<0.01).
After treatment, CMT, CT, DRIL, ELM disruption, EZ disruption, IRC and FB were not significantly different
between the two groups (P=0.162, P=132, P=0.454, P=0.451, P=0.303, P=0.829 and P=0.388; respectively).
However, the number of HRDs after injection was significantly different between group A and group B (P=0.
037<0. 05). Furthermore, the HRDs in group A (48. 43+21. 80) was significantly higher than it in group B (38. 29+17.
98). Similarly, the change of SRD was significantly different between the two groups (P=0. 006), with a mean change
in SRD of 112. 00 (238.00) pm for group A and 0. 00 (162.00) um for group B.
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Figure | Representative SD-OCT image of a patient with ME before treatment. (A) DRIL and the disruption of ELM and EZ are shown as a, b, and c respectively. (B) Inter-
retinal cysts (IRC) were surrounded by white curve. (C) White line shows height of serous retinal detachment (SRD). (D) Foveal bulge (FB) is absent in the yellow circle. (E)
Red arrows show hyperreflective dots (HRDs).
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Table | Baseline Characteristics of the Patients

Group A (AVF) Group B (AIM) P-value
n 35 35
Age (years) 53.69+12.29 51.26+14.21 0.765%
Gentle (male/female) 17718 20/15 0.316°
Pathology (ischemia/Non-ischemia) 19716 18/17 0.500¢
Type (CRVO/BRVO) 16/19 17/18 0.500°
BCVA (logMAR) 0.79+0.50 0.93+0.64 0.312°
CMT (um) 524.00 (375.00) 589.00 (438.00) 0.860°
CT (um) 224.26+55.71 237.94+51.41 0.289*
SRD (um) 112.00 (238.00) 0.00 (162.00) 0.117°
IRC (umz) 53931.64 (118138.08) 50754.46 (197085.05) 0.788°
DRIL (pm) 911.00 (936.00) 821.26+536.95 0.791°
ELM (um) 722.00 (963.00) 724.00 (574.00) 0.689°
EZ (pm) 631.00 (1024.00) 597.00 (756.00) 0.892°
HRD (meants) 64.91£19.92 58.11+19.30 0.152*
FB (n, %) 4,114 8,228 0.171°¢
Notes: *Independent sample t-test, "Mann—Whitney test, “Pearson’s chi-square test.
Table 2 Variation of BCVA and Optical Biomarkers After Anti-VEGF or Anti-Inflammatory Treatment
Group A Group B Intergroup P-value
After Injection
Baseline After Injection | P-value | Baseline After Injection | P-value
BCVA (logMAR) | 0.79+0.50 0.22 (0.31) 0.000* 0.93+0.64 0.40 (0.60) 0.000* 0.136¢
CMT (um) 524.00 (375.00) 260.83+84.94 0.000* 589.00 (438.00) 247.20+115.80 0.000* 0.162¢
CT (um) 224.26+55.71 230.40+48.21 0.007° 237.94+51 .41 248.54+51.40 0.010° 0.132¢
SRD (um) 112.00 (238.00) 0.00 (0.00) 0.000" 0.00 (162.00) 0.00(0.00) 0.001* 0.006¢
IRC (um?) 53931.64 (118138.08) 0.00 (0.00) 0.000" 50754.46 (197085.05) 0.00 (0.00) 0.000° 0.829¢
DRIL (um) 911.00 (936.00) 436.00 (715.00) 0.000* 821.26+536.95 150.00 (751.00) 0.000* 0.454¢
ELM (um) 722.00 (963.00) 158.00 (417.00) 0.000* 724.00 (574.00) 211.00 (698.00) 0.000* 0.451¢
EZ (um) 631.00 (1024. 00) 152.00 (349.00) 0.000* 597.00 (756.00) 272.00 (633.00) 0.000* 0.303¢
HRD (upm) 64.91+19.92 48.43+21.80 0.000° 58.11+19.30 38.29+17.98 0.000° 0.037¢
FB (n, %) 4,114 9,257 0.109¢ 8,228 7,200 0.500° 0.388°

Notes: *“Wilcoxon signed-rank test, ®Paired t-test, “Pearson’s chi-square test, dMann—Whi':ney test, “Independent sample t-test.

Correlations Between BCVA Improvement After Treatment and Changes of OCT

Biomarkers

Spearman correlation analysis was performed to identify the associations of changes of OCT biomarkers after treatment
with ABCVA. ACMT and ASRD height were correlated to ABCVA (coefficients of 0.32 and 0.38, respectively; both
P<0.05). However, AHRDs was not significantly correlated with ABCVA (coefficient of 0.01, P >0.05).

Furthermore, multivariate linear regression analysis of ACMT and ASRD height with ABCVA in all patients showed
that ASRD was the most powerful predictor of ABCVA (standard p=0. 34, °=0.12, forward stepwise method).

Correlations of ACMT After Treatment and Changes of OCT Biomarkers

Spearman correlation analysis was conducted in all patients to identify the effect of CMT improvement on microstruc-
tures in the macula. AIRC, ASRD, AELM and AEZ were significantly correlated with ACMT (coefficients of 0.49, 0.56,
0.31 and 0.50, respectively; all P<0.05). In addition, multivariate linear regression analysis showed that AIRC and ASRD
were significant predictors of ACMT (standard B values of 0.31 and 0.67, respectively; r°=0.53, forward stepwise
method).
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Discussion

Several studies have investigated the modification of microstructures in ME after intravitreal injection.?®3%33
Meanwhile, very little is known about the differences between anti-VEGF and anti-inflammatory therapies in healing
the microstructures of eyes with RVO-ME. This study included 70 cases of RVO-ME and compared the effects of anti-
VEGEF and anti-inflammatory treatments on microstructural disruption of the macula. The results demonstrated that both
anti-VEGF and anti-inflammatory therapies were effective in improving BCVA and macular anatomic outcomes in
patients with RVO-ME in the short term. Additionally, anti-inflammatory therapy was more likely than anti-VEGF
therapy to perform well in treating SRD and HRDs.

In a literature review, we found that AIM drugs perform better than AVF drugs in treating SRD in DME patients.
Ceravolo et al reported that 88% of patients treated with DEX had a complete resolution of SRD. In addition, Demircan
et al concluded that SRD height decrease is significantly greater in patients injected DEX than those injected
ranibizumab.?**%3” However, few studies have focused on differences between the AIM and AVF responses of SRD
height caused by RVO. We evaluated SRD changes in patients with RVO-ME to explore whether SRD could be
a biomarker guiding a proper treatment. Consistent with previous reports, this study demonstrated that DEX treated
RVO-ME patients had improved SRD compared with the AVF group (P<0.05). In Group B, the cure rate of DEX for
SRD reached 100%, and SRD height in Group B decreased from 0.00 (162.00) pm to 0.00 (0.00) pm. The mechanism of
SRD formation is nonetheless still uncertain, although previous studies have proposed several reasons. The liquid balance
of the retina is maintained by the blood-retinal barrier (BRB), including internal and external barriers. On the one hand,
the internal barrier of the retina is formed by capillary endothelial cells and the associated tight junctions, which could be
injured by ischemia. As a result, lipids and proteins leaked from the capillaries accumulate in the subretinal fluid, forming
SRD. On the other hand, RPE, the external barrier of the retina, might be impaired by retinal venous disorders. When
pro-inflammatory mediators are released in response to ischemia, RPE would be impaired by inflammatory factors,
including VEGFE.*"** RPE dysfunction causes choroidal vessel leakage and a reduction of RPE transport function,
promoting the formation of SRD. Damage to Miiller cells could also lead to increased VEGF.* Noma et al showed that
VEGF and soluble intercellular adhesion molecule-1 (SICAM-1) might contribute to the development of SRD.*® Ozurdex
is a slow-release dexamethasone system in the vitreous cavity. Not only do corticosteroids reduce vascular permeability
and protect the RPE by inhibiting inflammatory factors, such as VEGF, IL-6 and MCP, they also promote the production
of the tight junction protein BRB.*' Therefore, the inflammatory pathway plays an important role in the formation of
SRD, which can be regarded as an optic biomarker of anti-inflammatory therapy.

Another note of caution is that HRDs responded better to treatment in group B compared to group A (P=0.037). HRDs in
Group B changed from 58.11+19.30 to 38.29+17.98. Consistent with this study, Do et al demonstrated the superiority of
DEX in the treatment of HRDs.** HRDs are defined as particles with 20-40pm diameters and equal or higher reflectivity
than the RPE, differing from exudation. The origin of HRDs is controversial. At present, some scholars believe that HRDs in
RVO-ME are a manifestation of activated microglial migration under inflammation, as was shown in animal models.*
Others proposed that HRDs are lipid extravasation or degenerated RPE cells.** HRDs could rapidly disappear after injection,
which indicated that they are not related to lipid extravasation. Moreover, in the early stage of the disease, HRDs were
observed gathering in the inner layers of the retina. With the prolonged duration of ME, HRDs moved to the external layers
of the retina, corresponding to the migration of microglia.*>** Consequently, we inferred that proinflammation plays a critical
role in the conformation of HDRs. Anti-inflammatory has better ability to decrease the number of HRDs than anti-VEGF.
However, the effect of reduced HRDs numbers on treatment effect needs further discussion.

We also assessed other microstructures of the macula. In both groups, DRIL, disruption of ELM, and disruption of the
EZ were all improved after treatment. Multiple studies have reported that these biomarkers of the macula are associated
with prognostic visual acuity. ELM works as a barrier to high-molecular weight polymers, which form the junctional
complex between photoreceptors and Miiller cells. The EZ reflects the integrity of photoreceptors. In agreement with
previous studies, this analysis found positive correlations between ACMT and AELM and AEZ. On one hand, thickened
macula stretched ELM, creating physical damage. On the other hand, Jain et al showed ICAM-1 levels, increased in
patients with higher macular thickness, are significantly correlated with the disruption of ELM and IS-OS. As mentioned
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above, we inferred that the disruptions of ELM and EZ might be consistent with CMT. Furthermore, ELM and EZ affect
each other in the pathogenesis of ME. Saxena et al revealed that ELM restoration occurs before the EZ, defining ELM as
a novel retinal barrier maintaining the water-liquid balance of the retina.'” The EZ consists of bountiful mitochondria,
which provide energy to photoreceptors. When ELM and EZ are disrupted, the energy balance and liquid balance would
be broken. Consequently, the visual function of patients could decline. We found that both AVF and AIM could decrease
CMT, with no significant differences between the two treatments. As CMT decreased, the traction from ME on ELM and
EZ was relieved. The disruptions of ELM and EZ would be no longer aggravated and begin the repair process. Therefore,
similar to CMT, the recoveries of ELM and EZ disruptions had no significant differences between the two treatment
groups. However, the duration and extent of ELM and EZ disruptions play important roles in final visual defect and
visual acuity.

DRIL is defined as the condition in which boundaries between the ganglion cell-inner plexiform layer (GCL-IPL)
complex, inner nuclear layer (INL) and outer plexiform layer (OPL) could not be recognized. Sun et al proposed that
DRIL might reflect a phenomenon in which bipolar axons snap as they pull from the macular edema. When cells located
in inner layers are disrupted, the ability of signal transduction decreases, leading to visual function decline.*® Besides the
mechanical stresses of the macular edema, foveal avascular zone enlargement and capillary nonperfusion contribute to
DRIL.">*” However, with CMT reduction the traction of ME to the inner layers of the retina was reduced, which relieves
DRIL to some extent. The persistence of hypoxia and ischemia in the macula negatively affects the recovery of DRIL.
Consequently, unlike ELM and EZ, DRIL was not significantly correlated with CMT.

The present study had some notable limitations, with the first being the retrospective design. Next, patients with ME
due to RVO were not submitted to optical coherence tomography angiography (OCTA), and the situation of the perfusion
in each layer of the macula could not be assessed, as well as the associations of prognostic BCVA with OCTA parameters.
Further studies could perform OCTA in patients with ME to observe the relationships among anatomical damages,
perfusion and visual function. Furthermore, the follow-up period was not long enough. The present conclusion just
reflected the short-term changes of optical biomarkers. Moreover, RVO is a vascular disease associated with systematic

48,49

metabolic factors, so aqueous humor samples, vitreous fluid samples, and serum samples should also be collected

and analyzed.

Conclusions

In conclusion, both anti-VEGF and anti-inflammatory could facilitate the restoration of macular edema. SRD and HRDs
resolution may be better in eyes treated with anti-inflammatory therapy. Finally, ELM and EZ disruptions are signifi-
cantly correlated with CMT.
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