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Background: Retinal vein occlusion (RVO) commonly causes macular edema and visual impairment. 
Anti-VEGF therapy and laser photocoagulation are established treatments, while OCT objectively 

evaluates macular edema and treatment response.  To compared the functional and anatomical outcomes of anti-VEGF Aim:
intravitreal injection and laser photocoagulation in patients with RVO.  A prospective randomized comparative study Methods:
was conducted among 44 patients with RVO-associated macular edema. Participants were randomly allocated into two equal 
groups of 22 patients each. Group A received intravitreal anti-VEGF therapy, while Group B underwent laser photocoagulation. 
Best-corrected visual acuity (BCVA), intraocular pressure, central macular thickness (CMT), macular volume, and resolution of 
macular edema were assessed at baseline and during 12 months of follow-up using clinical examination and OCT. Results: 
Baseline demographic and ocular characteristics were comparable between the groups. At 12 months, mean BCVA improved 
from 0.42 ± 0.18 to 0.16 ± 0.11 logMAR in the anti-VEGF group and from 0.45 ± 0.20 to 0.27 ± 0.15 logMAR in the laser group 
(p=0.002). Mean CMT decreased from 421.5 ± 68.3 to 215.7 ± 36.2 µm with anti-VEGF and from 428.7 ± 71.2 to 268.4 ± 45.8 µm 
with laser (p=0.001). Complete macular edema resolution occurred in 100% and 81.8% of eyes, respectively (p=0.048). 
Resolution was achieved signicantly earlier with anti-VEGF therapy (78.2 ± 31.4 vs. 125.6 ± 42.3 days; p=0.001).  Conclusion:
Anti-VEGF therapy produced signicantly greater and faster functional and anatomical improvement than laser 
photocoagulation in RVO-associated macular edema.
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1. INTRODUCTION
Retinal vein occlusion (RVO) is one of the most common retinal 
vascular disorders and an important cause of visual impair-
ment, particularly among older adults. It results from obstru-
ction of retinal venous circulation, leading to venous congestion, 
retinal hemorrhages, increased vascular permeability, macular 
edema, retinal ischemia, and, in severe cases, neovascular 
complications [1,2]. RVO is broadly classied into branch 
retinal vein occlusion (BRVO) and central retinal vein occlusion 
(CRVO), depending on the site of venous obstruction [3]. Macu-
lar edema is the principal cause of visual deterioration in 
patients with RVO and is therefore a major therapeutic target [4]. 
Optical coherence tomography (OCT) provides a non-invasive, 
high-resolution assessment of retinal morphology and enables 
quantitative evaluation of central macular thickness, intra-
retinal uid, subretinal uid, and structural changes associated 
with edema [5,6]. Intravitreal anti-vascular endothelial growth 
factor (anti-VEGF) therapy has emerged as an important treat-
ment for RVO-associated macular edema by reducing vascular 
permeability and improving retinal thickness and visual fun-
ction [7,8]. However, repeated injections may be required, crea-
ting challenges related to treatment burden, follow-up comp-
liance, cost, and potential injection-related complications [9]. 
Laser photocoagulation has historically been used in the 
management of RVO, particularly in selected cases of macular 
edema and retinal ischemia, and remains relevant in appro-
priately selected patients [10,11]. Although laser treatment can 
reduce retinal leakage and may stabilize vision, its anatomical 
and functional effects may differ from those achieved with anti-
VEGF therapy [12]. OCT-based assessment provides an obje-
ctive method for comparing these treatment modalities and 
monitoring anatomical response over time [13]. Evaluating 
changes in central macular thickness alongside visual out-
comes can therefore provide useful evidence regarding treat-
ment effectiveness [14,15]. The present study was undertaken to 
comparatively evaluate the effects of these two treatment app-
roaches on retinal morphology and macular edema using OCT.

2. METHODOLOGY
The study was conducted as a prospective, comparative, 

randomized clinical trial in the Upgraded Department of 
Ophthalmology, N.S.C.B. Medical College & Hospital, Jabalpur, 
Madhya Pradesh, India, over 18 months from July 2024 to 
December 2025. Patients aged ≥18 years with conrmed 
branch or central retinal vein occlusion (BRVO/CRVO), asso-
ciated macular edema, central macular thickness (CMT) ≥250 
µm on spectral-domain optical coherence tomography (SD-
OCT), and best-corrected visual acuity (BCVA) between 20/30 
and 20/200 (logMAR 0.2–1.0) were eligible. Patients were 
required to have adequate media clarity, provide written infor-
med consent, and comply with scheduled follow-up. Patients 
with other retinal vascular diseases, recent vitreoretinal surgery, 
epiretinal membrane or vitreomacular traction, recent intra-
vitreal injection or laser treatment, signicant media opacity, 
glaucoma or IOP >21 mmHg, pregnancy or lactation, active 
ocular infection or inammation, uncontrolled hypertension, or 
recent myocardial infarction or stroke were excluded.

Eligible patients presenting to the outpatient, inpatient, and 
emergency ophthalmology services were recruited. A total of 
44 patients were included and randomly allocated in a 1:1 
ratio using a computer-generated random sequence and 
sealed-envelope allocation concealment. Group A (n=22) 
received intravitreal anti-VEGF therapy, consisting of 
bevacizumab 1.25 mg, ranibizumab 0.5 mg, or aibercept 2 
mg according to clinical discretion, while Group B (n=22) 
underwent laser photocoagulation using focal, grid, or 
sectoral techniques based on retinal ndings. PRN anti-VEGF 
retreatment was performed when CMT remained >250 µm or 
BCVA declined by ≥5 ETDRS letters, with a minimum 4-week 
interval and maximum six injections. Laser retreatment was 
performed at 4–6 weeks when persistent edema or clinically 
signicant retinal abnormalities were present.

Baseline assessment included BCVA, refraction, slit-lamp 
examination, IOP measurement, fundus examination, and 
SD-OCT using the Cirrus HD-OCT system. Follow-up asses-
sments were performed on Days 7, 28, 56, 84, 180, 270, and 
365. Primary outcomes were changes in BCVA and CMT from 
baseline to 12 months. Secondary outcomes included 
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macular edema resolution, macular volume changes, number 
of treatments, time to resolution, adverse events, ≥10-letter 
visual improvement, and visual stability.

Data were entered into Microsoft Excel and analyzed using 
IBM SPSS Statistics Version 23.0. Continuous variables were 
expressed as mean ± SD, while categorical variables were 
presented as frequencies and percentages. Appropriate 
parametric or non-parametric tests were applied following the 
Shapiro-Wilk test. Statistical signicance was considered at 
p<0.05, with 95% condence intervals. Ethical approval was 
obtained from the Institutional Ethics Committee, and written 
informed consent was obtained from all participants.

3. RESULTS

Table 1. Baseline Demographic Characteristics

Both groups were comparable at baseline regarding age, sex, 
eye involvement, and RVO subtype, with no signicant 
differences (all p>0.05). Mean age was 58.4 ± 8.3 years vs. 
59.8 ± 7.9 years, with BRVO predominating in both groups 
(72.7% vs. 77.3%). 

Table 2. Systemic Risk Factors at Baseline

Hypertension was the most common risk factor, followed by 
diabetes and dyslipidemia/hypercoagulable states.  

Figure 1. Systemic Risk Factors at Baseline

Table 3. Baseline Ocular Characteristics

Baseline BCVA, IOP, CMT, and macular volume were compa-
rable between groups, with no signicant differences (all 
p>0.05).

Figure 2. Baseline Ocular Characteristics

Table 4. Best-Corrected Visual Acuity (BCVA) Over 12 Months

BCVA improved progressively in both groups, with greater 
improvement after anti-VEGF therapy. At Month 12, logMAR 
improved from 0.42 to 0.16 with anti-VEGF versus 0.45 to 0.27 
with laser. The difference was signicant at Months 6, 9, and 
12 (p=0.028, 0.004, and 0.002), with greater overall 
improvement in the anti-VEGF group (p=0.022). 

Figure 3. Longitudinal Changes in BCVA (logMAR)

Table 5. Categories of Visual Acuity Response at 12 Months

Clinically meaningful visual improvement favored anti-VEGF 
therapy, with ≥10 ETDRS-letter improvement in 90.9% vs. 
72.7% and ≥5 letters in 95.5% vs. 81.8% of patients. 

Figure 4. Categories of Visual Acuity Response at 12 Months
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Characteristic Group A: Anti-
VEGF (n=22)

Group B: Laser 
(n=22)

p-value

Age (years)

Mean ± SD 58.4 ± 8.3 59.8 ± 7.9 0.463

Gender

Male, n (%) 14 (63.6%) 13 (59.1%) 0.742

Female, n (%) 8 (36.4%) 9 (40.9%)

Eye involved

Right eye, n (%) 12 (54.5%) 11 (50.0%) 0.743

Left eye, n (%) 10 (45.5%) 11 (50.0%)

Type of RVO

BRVO, n (%) 16 (72.7%) 17 (77.3%) 0.642

CRVO, n (%) 6 (27.3%) 5 (22.7%)

Risk factor Group A: Anti-
VEGF (n=22)

Group B: 
Laser (n=22)

p-
value

Hypertension, n (%) 16 (72.7%) 15 (68.2%) 0.707

Diabetes mellitus, n (%) 10 (45.5%) 11 (50.0%) 0.743

Type 2 diabetes, n (%) 9 (90.0%) 10 (90.9%) 1.000

Dyslipidemia/hypercoag
ulable states, n (%)

12 (54.5%) 13 (59.1%) 0.718

Current smoker, n (%) 6 (27.3%) 5 (22.7%) 0.819

Former smoker, n (%) 8 (36.4%) 9 (40.9%)

Never smoker, n (%) 8 (36.4%) 8 (36.4%)

Coronary artery disease, 
n (%)

5 (22.7%) 4 (18.2%) 0.695

Previous stroke, n (%) 3 (13.6%) 2 (9.1%) 0.647

Hyperhomocysteinemia, 
n (%)

4 (18.2%) 3 (13.6%) 0.682

CMT (µm), Mean ± SD 421.5 ± 68.3 428.7 ± 71.2 0.693

Macular volume (mm³), 
Mean ± SD

11.8 ± 2.1 12.2 ± 2.3 0.546

Parameter Group A: Anti-
VEGF (n=22)

Group B: 
Laser (n=22)

p-
value

BCVA (logMAR), Mean ± 
SD

0.42 ± 0.18 0.45 ± 0.20 0.598

IOP (mmHg), Mean ± SD 16.3 ± 2.8 16.7 ± 2.5 0.555

Time point Anti-VEGF Mean 
± SD (logMAR)

Laser Mean ± 
SD (logMAR)

p-
value

Baseline 0.42 ± 0.18 0.45 ± 0.20 0.598

Week 1 0.40 ± 0.18 0.44 ± 0.21 0.421

Week 4 0.36 ± 0.16 0.40 ± 0.19 0.351

Week 8 0.32 ± 0.15 0.37 ± 0.17 0.234

Month 3 0.28 ± 0.14 0.35 ± 0.18 0.089

Month 6 0.22 ± 0.13 0.32 ± 0.17 0.028

Month 9 0.18 ± 0.12 0.29 ± 0.16 0.004

Month 12 0.16 ± 0.11 0.27 ± 0.15 0.002

Change from baseline −0.26 ± 0.12 −0.18 ± 0.13 0.022

Response category Anti-VEGF 
n (%)

Laser n 
(%)

p-
value

Improvement ≥10 ETDRS letters 20 (90.9%) 16 (72.7%) 0.112

Improvement ≥5 ETDRS letters 21 (95.5%) 18 (81.8%) 0.148

Stable vision 1 (4.5%) 4 (18.2%) 0.153

Deterioration >4 ETDRS letters 0 (0%) 0 (0%) —
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Table 6. Central Macular Thickness Over 12 Months

OCT showed a signicantly greater CMT reduction with anti-
VEGF therapy from Week 1 onward (p=0.041). At Month 12, 
CMT was 215.7 ± 36.2 µm with anti-VEGF versus 268.4 ± 45.8 
µm with laser (p=0.001), with greater percentage reduction 
(48.8% vs. 37.4%; p=0.001). 

Figure 5. Longitudinal Changes in CMT (µm)

Table 7. Percentage of Eyes with Macular Edema Resolution

Macular edema resolved earlier and more frequently with 
anti-VEGF therapy. By Month 12, resolution was achieved in 
100% of anti-VEGF eyes versus 81.8% of laser-treated eyes 
(p=0.048). The difference was also signicant at Month 9 
(95.5% vs. 68.2%; p=0.013). 

Figure 6. Percentage of Eyes with Macular Edema Resolution

Table 8. Time to First Achievement of CMT <250 µm

The time to achieve OCT-dened macular edema resolution 
was signicantly shorter with anti-VEGF treatment than with 
laser (78.2 ± 31.4 vs. 125.6 ± 42.3 days; p=0.001). Anti-VEGF 
achieved resolution approximately 47 days earlier, with a 
large treatment effect (Cohen's d=1.38).

Figure 7. Time to First Achievement of CMT <250 µm

4. DISCUSSION
The present prospective randomized comparative study eva-
luated anti-VEGF intravitreal injection and laser photo-
coagulation for retinal vein occlusion (RVO)-associated macu-
lar edema using visual and OCT outcomes. Forty-four patients 
were followed for 12 months, with 22 receiving anti-VEGF and 
22 laser treatment. Baseline characteristics were comparable. 
Hypertension was present in 72.7% and 68.2%, while diabetes 
occurred in 45.5% and 50.0% of the anti-VEGF and laser 
groups, respectively. Baseline BCVA was 0.42 ± 0.18 versus 
0.45 ± 0.20 logMAR, and CMT was 421.5 ± 68.3 versus 428.7 ± 
71.2 µm, respectively.

Anti-VEGF produced signicantly greater functional improve-
ment. Mean BCVA improved by 0.26 logMAR compared with 
0.18 logMAR with laser (p=0.022). At Month 12, BCVA was 0.16 
versus 0.27 logMAR (p=0.002), while ≥10 ETDRS-letter gain 
occurred in 90.9% versus 72.7%. These ndings were consis-tent 
with Lip et al. (2018) [16], who evaluated 66 treatment-naïve RVO 
patients and reported signicant visual improvement at 12 
months, with 77% showing signicant VA improvement and 52% 
achieving at least three-line improvement.

OCT ndings further favored anti-VEGF. At Month 12, CMT 
decreased to 215.7 ± 36.2 µm versus 268.4 ± 45.8 µm (p=0.001). 
The reported CMT reduction was 205.8 ± 46.1 µm with anti-
VEGF and 160.3 ± 48.2 µm with laser (p=0.007), corresponding 
to 48.8% and 37.4% reductions (p=0.001). Lip et al. [16] similarly 
reported reduction in median CRT from 531 µm to 245 µm 
(p<0.001), with 76% achieving a dry fovea at one year.

Conversely, Pikkel et al. (2016) [17], in 65 patients with ischemic 
CRVO, found no signicant differences in macular thickness 
(p=0.110) or visual acuity changes (p=0.111) among treatment 
groups. The difference from the present study may reect their 
inclusion of ischemic CRVO only, whereas the present study 
included both BRVO and CRVO. In the present study, CMT <250 
µm was achieved in 78.2 ± 31.4 days with anti-VEGF versus 
125.6 ± 42.3 days with laser (p=0.001), while complete edema 
resolution at 12 months occurred in 100% versus 81.8% 
(p=0.048).

Azad et al. (2014) [18] evaluated 30 BRVO eyes and found no 
signicant difference in BCVA or CFT at six months (p>0.05), 
although ≥3-line gain occurred in 60%, 40%, and 20% of 
ranibizumab-plus-laser, bevacizumab-plus-laser, and laser-
alone groups. Zou et al. (2022) [19], reviewing 20 studies 
involving 1,387 patients, found no signicant BCVA or CMT 
advantage for combination therapy over anti-VEGF alone, al-
though injection numbers were reduced in BRVO (WMD=−0.69, 
p=0.005). Karasu et al. (2022) [20], studying 139 BRVO eyes, 
reported CFT reduction to 266.43 ± 51.89 µm with aibercept 
and 312.59 ± 78.15 µm with ranibizumab. Overall, the present 
ndings supported anti-VEGF therapy as the more effective 
modality, while laser remained benecial in selected patients.
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Time point Anti-VEGF Mean 
± SD (µm)

Laser Mean 
± SD (µm)

p-
value

Baseline 421.5 ± 68.3 428.7 ± 71.2 0.693

Week 1 365.2 ± 60.4 420.3 ± 69.8 0.041

Week 4 310.4 ± 55.2 385.6 ± 64.2 0.018

Week 8 285.4 ± 52.3 355.2 ± 61.8 0.009

Month 3 255.3 ± 48.1 315.7 ± 57.4 0.005

Month 6 230.1 ± 42.5 285.3 ± 51.2 0.003

Month 9 220.4 ± 38.9 275.1 ± 48.6 0.002

Month 12 215.7 ± 36.2 268.4 ± 45.8 0.001

Change from baseline −205.8 ± 46.1 −160.3 ± 48.2 0.007

Percentage reduction 48.8% ± 8.5% 37.4% ± 9.1% 0.001

Time point Anti-VEGF n (%) Laser n (%) p-value

Baseline 0 (0%) 0 (0%) —

Week 4 2 (9.1%) 1 (4.5%) 0.591

Week 8 8 (36.4%) 3 (13.6%) 0.075

Month 3 14 (63.6%) 8 (36.4%) 0.081

Month 6 18 (81.8%) 12 (54.5%) 0.058

Month 9 21 (95.5%) 15 (68.2%) 0.013

Month 12 22 (100%) 18 (81.8%) 0.048

Parameter Anti-VEGF Laser p-value

Mean ± SD (days) 78.2 ± 31.4 125.6 ± 42.3 0.001

Difference in mean time 47.4 days faster

Cohen's d 1.38
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CONCLUSION
The present study concluded that both anti-VEGF intravitreal 
injection and laser photocoagulation improved visual function 
and macular anatomy in retinal vein occlusion-associated 
macular edema. However, anti-VEGF therapy demonstrated a 
more favorable response, with earlier and greater improvement 
in visual acuity, OCT parameters, and edema resolution.  
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