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ABSTRACT
Background: Vascular endothelial growth factor (VEGF) is the primary substance involved in retinal barrier breach. 
VEGF overexpression may cause diabetic macular edema (DME). Laser photocoagulation of the macula is the standard 
treatment for DME; however, recently, intravitreal anti-VEGF injections have surpassed laser treatment. Our aim was to 
evaluate the efficacy of intravitreal injections of aflibercept or ranibizumab for managing treatment-naive DME.
Methods: This single-center, retrospective, interventional, comparative study included eyes with visual impairment 
due to treatment-naive DME that underwent intravitreal injection of either aflibercept 2 mg/0.05 mL or ranibizumab 0.5 
mg/0.05 mL at Al-Azhar University Hospitals, Egypt between March 2023 and January 2024. Demographic data and full 
ophthalmological examination results at baseline and 1, 3, and 6 months post-injection were collected, including the best-
corrected distance visual acuity (BCDVA) in logarithm of the minimum angle of resolution (logMAR) notation, slit-
lamp biomicroscopy, dilated fundoscopy, and central subfield thickness (CST) measured using spectral-domain optical 
coherence tomography.
Results: Overall, the 96 eyes of 96 patients with a median (interquartile range [IQR]) age of 57 (10) (range: 20–74) 
years and a male-to-female ratio of 1:2.7 were allocated to one of two groups with comparable age, sex, diabetes mellitus 
duration, and presence of other comorbidities (all P >0.05). There was no statistically significant difference in baseline 
diabetic retinopathy status or DME type between groups (both P >0.05). In both groups, the median (IQR) BCDVA 
significantly improved from 0.7 (0.8) logMAR at baseline to 0.4 (0.1) logMAR at 6 months post-injection (both P = 
0.001), with no statistically significant difference between groups at all follow-up visits (all P >0.05). The median (IQR) 
CST significantly decreased in the aflibercept group from 347 (166) µm at baseline to 180 (233) µm at 6 months post-
injection, and it decreased in the ranibizumab group from 360 (180) µm at baseline to 190 (224) µm at 6 months post-
injection (both P = 0.001), with no statistically significant differences between groups at all follow-up visits (all P >0.05). 
No serious adverse effects were documented in either group.
Conclusions: Ranibizumab and aflibercept were equally effective in achieving the desired anatomical and functional 
results in patients with treatment-naive DME in short-term follow-up without significant differences in injection counts 
between both drugs. Larger prospective, randomized, double-blinded trials with longer follow-up periods are needed to 
confirm our preliminary results. 
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INTRODUCTION
Diabetes mellitus (DM) is a global pandemic that affected >200 million individuals in 2010, and this number 
is expected to rise by 62% by 2025. Obesity and global life expectancy are inducing this increase [1]. Diabetic 
macroangiopathy may present as myocardial infarction or stroke, whereas microangiopathy may manifest 
as diabetic retinopathy (DR), which is the leading cause of blindness in Europe and affects 1.9% of patients 
with DM [2] a frequent complication of diabetes mellitus (DM. Additionally, 2.64% of individuals with DM 
have sight-threatening DR. Diabetic macular edema (DME) is the leading cause of blindness in patients with 
DM and has a 2.19% annual incidence. It results from macular DR, a compromised blood–retina barrier, and 
metabolic abnormalities caused by hyperglycemia [3-5].

Vascular endothelial growth factor (VEGF) is the primary substance involved in retinal barrier breach. 
Our understanding of DME pathogenesis has changed with the emergence of anti-VEGF and steroid 
medications [6]. Since the 1980s, laser photocoagulation of the macula has been the standard treatment for 
DME. Intravitreal anti-VEGF injections are superior for treating DME, with effectiveness surpassing that of 
laser therapy; in fact, most USA retinal physicians use anti-VEGF medication to treat DME [7].

Af libercept and ranibizumab are two anti-VEGF agents. Af libercept, a 115-kDa dimeric glycoprotein, 
antagonizes retinal endothelial cell VEGF receptors (VEGFR-1 and VEGFR-2). Af libercept binds to VEGF-A 
and placental growth factor more strongly than its natural angiogenic rivals (VEGFR-1 and VEGFR-2) [8]. 
Af libercept blocks ligand-induced VEGFR-2 dimerization, preventing intracellular tyrosine kinase domain 
activation and limiting pathologic angiogenesis [9]. Blocking the VEGF receptor reduces endothelial cell 
growth, vascular permeability, and neovascularization [9, 10]. 

Ranibizumab is a 48-kDa humanized monoclonal antibody fragment that is affinity-matured and binds to 
the receptor-binding site of active VEGF-A [10]. By blocking VEGF-A and its receptors, ranibizumab decreases 
vascular permeability, neovascularization, and endothelial proliferation. Two ranibizumab molecules can 
bind to one VEGF dimer owing to its single VEGF-binding site. Due to its small size, ranibizumab is better 
absorbed into the retina and choroid [11].

Both anti-VEGF agents are safe and effective for DME treatment [12], with af libercept yielding better 
anatomical improvement in DME with [13] and without [12] serous retinal detachment. Vision gain 
persists longer in af libercept-treated eyes with DME than in ranibizumab-treated eyes [14]. While Ashraf 
et al. reported similar functional and anatomical improvements using af libercept or ranibizumab in DME 
unresponsive to bevacizumab [15], Pessoa et al. observed improvements in central foveal thickness and 
vision gain with ranibizumab administration, whereas af libercept yielded improvement only in central foveal 
thickness [16].

Considering these controversies within the literature regarding anatomical and functional outcomes, this 
study evaluated the efficacy and safety of intravitreal injection of af libercept versus ranibizumab for DME 
management.

METHODS
This single-center, retrospective, interventional, comparative study consecutively included all eligible treatment-na-
ive patients with type II DM with visual impairment due to DME who received either aflibercept or ranibizumab 
at Al-Azhar University Hospitals, Egypt, between March 2023 and January 2024. Our investigation conformed to 
the principles of the Helsinki Declaration, and ethical approval was granted by the Institutional Review Board of Al-
Azhar University. Written informed consent was obtained from each patient before recruitment.

We included adults aged >18 years meeting our definition of DME (edema within 500 µm of the foveal center, 
or at least one disc area of swelling, any part of which is within one disc diameter of the foveal center) who received 
intravitreal aflibercept or ranibizumab [17], with best-corrected distance visual acuity (BCDVA) >20/400 and a 
minimum follow-up period of 6 months. We excluded those with previous intravitreal or sub-Tenon’s steroid in-
jections, intravitreal dexamethasone implants, intravitreal anti-VEGF injections, or focal/grid macular laser pho-
tocoagulation for DME management; those with vitreoretinal surface abnormalities or macular edema caused by 
any medical condition other than type II DM; and those who changed anti-VEGF agents during the study period. 
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Patient demographics, baseline DR status, DM duration, comorbidities, and glycated hemoglobin levels were 
documented. Details of full ophthalmological examinations at baseline and 1, 3, and 6 months post-injection were 
collected, including BCDVA using a Snellen chart (Auto Chart Projector CP 670; Nidek Co., Ltd., Gamagori, Ja-
pan) with values converted to logarithm of the minimum angle of resolution (logMAR) notation, anterior and pos-
terior segment examinations under slit-lamp biomicroscopy (Topcon SP-1P, Topcon Medical Inc., Tokyo, Japan), 
dilated fundus examination using an indirect ophthalmoscope (Keeler Instruments Inc., PA, USA) and a + 20-di-
opter ancillary lens (VOLK Optical Inc., Mentor, OH, USA), and central subfield thickness (CST) measurements 
using spectral-domain optical coherence tomography (SD-OCT) (Topcon Corp., Tokyo, Japan). 

The DME type was first determined clinically and then based on the SD-OCT findings as follows: cystoid mac-
ular edema (CME) was defined as low-reflectivity intraretinal round- or oval-shaped spaces with highly reflective 
septa separating them; focal DME was defined as an area of retinal thickening <2 disk diameters, not affecting the 
center of the macula; moderate DME was defined as retinal thickening and/or lipid threatening the fovea; and dif-
fuse DME was defined as increased retinal thickness >200 µm in height and >200 µm in width, with areas of lower 
reflectivity involving the center of the macula [18-20]. The presence of vitreomacular traction and epiretinal mem-
brane (ERM) at baseline or macular changes at the end of the study (such as, focal macular edema, minimal cystic 
changes, CME, ERM, and scar) were clinically diagnosed and confirmed by OCT imaging [21, 22]. 

Eligible patients were allocated to either the aflibercept (aflibercept 2 mg/0.05 mL) (VEGF Trap-Eye, Eylea®; 
Regeneron, Inc., Tarrytown, NY, USA) or ranibizumab groups (ranibizumab 0.5 mg/0.05 mL) (Lucentis®, Ge-
nentech, South San Francisco, CA, USA). The type of anti-VEGF was selected at the treating ophthalmologist’s 
discretion. We followed the treat-and-extend protocol without a fixed loading phase [23].

Intravitreal injections were administered under sterile conditions using topical anesthesia (Benoxinate hy-
drochloride, BENOX®, E.I.P.I.Co., Cairo, Egypt). The conjunctiva was instilled with commercially available 5% 
povidone-iodine ophthalmic solution (5% Betadine®, Alcon Laboratories, Fort Worth, TX, USA), and the lids 
and eyelashes were sterilized with the same solution. An intravitreal anti-VEGF injection was administered for 
phakic eyes using a 30-gauge needle inserted 4 mm posterior to the inferotemporal limbus; for pseudophakic 
eyes, an injection was administered 3.5 mm posterior to the same site. A 5% povidone-iodine drop was in-
stilled at injection conclusion [24, 25]. Postoperative care included topical moxifloxacin (Vigamox™;Alcon Inc., 
Hunenberg, Switzerland) eye drops four times per day for two weeks. Along with side effects, the total number 
of injections received during the study period was documented. 

Statistical analysis was performed using IBM SPSS Statistics for Windows, version 26.0 (IBM Corp., Armonk, 
NY, USA). The normality of data distribution was assessed using the Kolmogorov–Smirnov test. Qualitative data 
were compared using the Chi-square or Fisher’s exact tests [26] and are presented as numbers (%). Quantitative 
data are presented as medians and interquartile ranges (IQRs); independent variables were compared using the 
Mann–Whitney U test, and paired data were compared using the Friedman and Wilcoxon signed-rank tests [27]. 
P-values <0.05 were considered statistically significant.

RESULTS
In total, 96 eyes of 96 patients with a 1:2.7 male-to-female ratio were allocated to one of two groups with compara-
ble median age, sex distribution, DM duration, and presence of comorbidities (all P > 0.05). There was no statisti-
cally significant difference in baseline DR status or DME type between the two groups (both P > 0.05) (Table 1). 

Previous panretinal photocoagulation for DR (n = 13, 24.5%), phacoemulsification (n = 6, 11.3%), and pha-
covitrectomy (n = 2, 3.8%) were reported only in the aflibercept group. Vitreomacular traction (n = 1, 2.3%) and 
ERM (n = 1, 2.3%) were detected only in the ranibizumab group (Table 1). Baseline macular hemorrhage was 
significantly more frequent in the aflibercept group than in the ranibizumab group (P < 0.05) (Table 1). 

During the study period, the median (IQR) numbers of injections in all participants (n = 96), aflibercept 
group (n = 53 eyes), and ranibizumab group (n = 43 eyes) were 3 (1), 3 (1), and 2 (2), respectively, and numbers 
were comparable between the two groups (P = 0.12). The median (IQR, range) intervals between the first and 
last intravitreal injections in all participants (n = 96), the aflibercept group (n = 53 eyes), and ranibizumab group 
(n = 43 eyes) were 12 (7) (0–24), 12 (4) (4–24), and 12 (20) (0–24) weeks, which were comparable between 
the two groups (P = 0.22). 

The median (IQR) BCDVA and CST were significantly improved after the study period and at each fol-
low-up visit compared with baseline in both groups (all P = 0.001), with no statistically significant difference 
noted between the groups at each visit (all P > 0.05) (Table 2).
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Macular changes at the end of the study were detected in 50 of 96 eyes and included 15.6% (n = 15) with 
focal macular edema, 24% (n = 23) with minimal cystic changes, 9.4% (n = 9) with CME, 2.1% (n = 2) with 
macular scar, and 1% (n = 1) with ERM; the proportions of eyes with these changes were comparable between 
groups (P > 0.05) (Table 3). No serious adverse effects were documented throughout the study period.

Table 1. Demographic and baseline clinical characteristics of study participants
Variables All (n = 96) Aflibercept (n = 53) Ranibizumab (n = 43) P-value
Age (y), Median (IQR) (Range) 57 (10) (20 to 74) 58 (9) (20 to 73) 57 (12) (43 to 74) > 0.99 a

Sex (Male/Female), n (%) 26 (27.1) / 70 (72.9) 14 (26.4) / 39 (73.6) 12 (27.9) / 31 (72.1) 0.8 b

Laterality (OD / OS), n (%) 48 (50) / 48 (50) 28 (52.8) / 25 (47.2) 21 (48.8) / 22 (51.2) -
Type of diabetic retinopathy, n (%)
Mild NPDR 49 (51.0) 26 (49.0) 23 (53.5) 0.7 b

Moderate NPDR 40 (41.7) 24 (45.3) 16 (37.2)
PDR 7 (7.3) 3 (5.7) 4 (9.3)
History of T2DM, n (%) 96 (100) 53 (100) 43 (100) 0.1 b

Duration of T2DM (y), Median (IQR) 15 (10) 15 (10) 15 (10) > 0.99 b

Other comorbidities, n (%)
HTN 46 (47.9) 22 (41.5) 24 (55.8) 0.7 b

IHD 3 (3.1) 1 (1.9) 2 (4.7)
HTN and IHD 7 (7.3) 3 (5.7) 4 (9.3)
HTN and renal dialysis 2 (2.1) 1 (1.9) 1 (2.3)
Previous PRP, n (%) 13 (13.5) 13 (24.5) 0 (0.0) 0.6 c

Previous ocular surgery, n (%)
Phacoemulsification 6 (6.3) 6 (11.3) 0 (0.0) -
Phacovitrectomy 2 (2.1) 2 (3.8) 0 (0.0)
Type of baseline macular edema, n (%)
CME 50 (52.1) 28 (52.8) 22 (51.1) 0.12 b

Focal 39 (40.6) 24 (45.3) 15 (34.9)
Moderate 4 (4.2) 1 (1.9) 3 (7.0)
Diffuse 3 (3.1) 0 (0.0) 3 (7.0)
Vitreoretinal interface abnormalities, n (%)
VMT 1 (1.0) 0 (0.0) 1 (2.3) -
ERM 1 (1.0) 0 (0.0) 1 (2.3)
Macular hemorrhage (Yes / No), n (%) 10 (10.4) / 86 (89.6) 9 (17.0) / 44 (83.0) 1 (2.3) / 42 (97.7) 0.02 c

Abbreviations: n, number; y, year; IQR, interquartile range; OD, right eye; OS, left eye; NPDR, non-proliferative diabetic 
retinopathy; PDR, proliferative diabetic retinopathy; T2DM, type II diabetes mellitus; HTN, hypertension; IHD, ischemic heart 
disease; PRP, panretinal photocoagulation; CME, cystoid macular edema; VMT, vitreomacular traction; ERM, epiretinal membrane. 
Note: P-value < 0.05 is shown in bold; P-value a: P-value is derived from Mann–Whitney U test comparing the aflibercept versus 
ranibizumab groups; P-value b: P-value is derived from chi-square test comparing the aflibercept versus ranibizumab groups; 
P-value c is derived from Fisher’s exact test comparing the aflibercept versus ranibizumab groups; Aflibercept, aflibercept group 
receiving intravitreal injection of aflibercept 2 mg/0.05 mL; Ranibizumab, ranibizumab group receiving intravitreal injection of 
ranibizumab 0.5 mg/0.05 mL.

Table 2. BCDVA and central subfield thickness changes during study period
Variable Aflibercept (n = 53) P-value b Ranibizumab (n = 43) P-value b P-value c

BCDVA (logMAR) , Median (IQR)
Baseline 0.7 (0.8) - 0.7 (0.5) - 0.8
After 1-month 0.4 (0.4) 0.001 0.4 (0.3) 0.001 0.5
After 3-month 0.4 (0.4) 0.001 0.4 (0.3) 0.001 0.6
After 6-month 0.4 (0.1) 0.001 0.4 (0.1) 0.001 0.1
P-value a 0.001 0.001
Central subfield thickness (µm), Median (IQR)
Baseline 347 (166) - 360 (180) - 0.1
After 1-month 320 (144) 0.001 329 (196) 0.001 0.3
After 3-month 274 (111) 0.001 280 (149) 0.001 0.9
After 6-month 180 (233) 0.001 190 (224) 0.001 0.7
P-value a 0.001 0.001

Abbreviations: BCDVA, best-corrected distance visual acuity; n, number; logMAR, the logarithm of the minimum angle of 
resolution; IQR, interquartile range; µm, micrometer. Note: P-values < 0.05 are shown in bold; P-value a, P-value is derived from 
Friedman test comparing throughout the follow-up in either group; P-value b, P-value is derived from Wilcoxon signed-rank test 
comparing each post-injection visit with the baseline in either group; P-value c, P-value is derived from Mann–Whitney U test 
comparing the aflibercept versus ranibizumab groups at each visit; Aflibercept, aflibercept group receiving intravitreal injection 
of aflibercept 2 mg/0.05 mL; Ranibizumab, ranibizumab group receiving intravitreal injection of ranibizumab 0.5 mg/0.05 mL.
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Table 3. Types of macular changes at 6 months after anti-VEGF injection
Macular changes, n (%) All (n = 50 out of 96) Aflibercept (n = 28 out of 53) Ranibizumab (n =22 out of 43) P-value
Focal macular edema 15 (15.6) 9 (17.0) 6 (14.0) 0.8
Minimal cystic changes 23 (24.0) 14 (26.4) 9 (20.9)
CME 9 (9.4) 4 (7.5) 5 (11.6)
Macular scar 2 (2.1) 1 (1.9) 1 (2.3)
ERM 1 (1.0) 0 (0.0) 1 (2.3)

Abbreviations: anti-VEGF, anti-vascular endothelial growth factor; n, number of eyes; %, percentage; CME, cystoid macular 
edema; ERM, epiretinal membrane. Note: P-value is derived from chi-square test comparing the aflibercept versus ranibizumab 
groups; Aflibercept, aflibercept group receiving intravitreal injection of aflibercept 2 mg/0.05 mL; Ranibizumab, ranibizumab 
group receiving intravitreal injection of ranibizumab 0.5 mg/0.05 mL.

DISCUSSION
We observed comparable functional and anatomical improvements in managing treatment-naive DME in pa-
tients with type II DM, 6 months post-intravitreal injections of aflibercept or ranibizumab, with similar safety 
profiles.

VEGF is a crucial mediator in DME development. Recently, intravitreal injections of anti-VEGF agents have 
become the standard DME treatment [28]. Ranibizumab is a Fab fragment of a monoclonal anti-VEGF antibody 
and binds to the receptor site of active VEGF-A glycoprotein, antagonizing its function. The recombinant fusion 
protein aflibercept binds to placental growth factor and VEGF isoforms A and B; it is a relatively new anti-VEGF 
drug [29, 30] with a longer intraocular half-life than that of ranibizumab [31], explaining the lower median 
number of injections in aflibercept-treated eyes. Although this difference was statistically insignificant at the end 
of the study. We observed comparable intervals between the first and last intravitreal injections in the aflibercept- 
and ranibizumab-treated eyes. Similar to Babiuch et al. [32] and Fauser et al [33], the median (IQR) age of our 
participants was 57 (10) years and females outnumbered males. 

We found a significant improvement in BCDVA in both study groups during the study period and at each 
follow-up visit compared with baseline, without statistically significant differences between groups at any time 
point. Similar improvements have been observed in previous studies. According to Pham et al. [34], ranibizumab 
(37%) and aflibercept (39%) had similar odds of achieving visual gain over 2 years of therapy [34]. Demircan 
et al. [28] documented mean (standard deviation) baseline BCDVAs for aflibercept and ranibizumab groups 
of 0.67 (0.38) logMAR and 0.73 (0.34) logMAR, respectively. On the last visit, the BCDVA improved in the 
aflibercept group to 0.58 (0.38) logMAR and in the ranibizumab group to 0.67 (0.37) logMAR, though this dif-
ference was not significant. In Demircan et al. [28], the aflibercept group improvements may have been superior 
because the patients were administered ranibizumab first and then changed to aflibercept. 

The median (IQR) CST significantly improved over our study period and at each follow-up visit compared 
with baseline in both groups, with no statistically significant differences noted between the two groups at each 
visit. This is consistent with the findings of Alsaedi et al. [35], who observed a significant reduction in CST after 
injection of both anti-VEGF agents, with comparable outcomes for both drugs. Demircan et al. [28] found no dif-
ferences between the two groups in central macular thickness improvement at the intermediate visit. However, 
they detected a significant difference in reduction between the two groups at the last visit, with more improve-
ments in the aflibercept group than in the ranibizumab group [28]. Our results and those of Demircan et al. [28] 
are dissimilar, as in their study the eyes in the aflibercept group were first injected with ranibizumab and then 
switched to aflibercept, causing cumulative efficacy with the two injected drugs.

We observed no significant difference in BCDVA improvement or CST decrease between the two treatment 
groups at any time point in our study, corroborating the findings of Protocol T, which found that ranibizumab 
and aflibercept had comparable anatomical and functional effects on DME [36, 37]. However, studies with lon-
ger follow-up periods may reveal subtle differences in efficacy of these anti-VEGF agents. Table 4 summarizes 
the outcomes of studies published over the last 12 years pertaining to anti-VEGF DME management [12-16, 
28, 36-68]. Our research demonstrated that ranibizumab and aflibercept were equally effective in achieving the 
desired short-term anatomical and functional results in the management of treatment-naive DME. Limitations 
of our study included the retrospective design, limited sample size, and short follow-up period. In addition, we 
included only treatment-naive eyes. Thus, the results cannot be generalized. Long-term, prospective, randomized 
trials could clarify how well aflibercept injections reverse the effects of prior treatments on visual and anatomical 
outcomes in patients with persistent DME. Whether aflibercept or ranibizumab would be preferable to initial 
bevacizumab remains unclear based on the results of the current investigation. Clinicians should consider treat-
ment availability, treatment costs, and the development of novel modalities when managing DME. An increasing 
number of studies are applying artificial intelligence in targeted therapies for DME [69]. 
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Using the baseline characteristics of DME, a trained artificial neural network revealed good precision in pre-
dicting visual prognosis with intravitreal ranibizumab [70]. Further validation studies may support the applica-
tion of artificial intelligence in precise prognostication after administration of the available anti-VEGF agents and 
aid in personalized treatment selection in managing this potentially blinding condition.

Table 4. Studies of intravitreal anti-VEGF agents in managing DME [12-16, 28, 36-68]
Author (Year) Study design Participants Anti-VEGFs Outcomes
Nguyen et al. 
(2012) [38]

Two parallel, phase 3, 
multicenter, dou-
ble-masked, sham injec-
tion–controlled, RCT.

Patients with 
vision loss 
from DME.

Ranibizumab. Ranibizumab improved vision and macular edema 
with low rates of ocular and non-ocular side effects.

Do et al. (2012) 
[39] 

Double-masked, multi-
center, phase 2 RCT.

Center-in-
volved DME 
in patients 
with DM.

VEGF-Trap-
Eye.

Different dosing regimens of VEGF-Trap-Eye were 
compared with laser photocoagulation. All VEGF 
Trap-Eye groups experienced significant improve-
ments in visual acuity at 6 months, which was main-
tained or improved over the past 12 months.

Wells et al. (2015) 
[36]

RCT. Center-in-
volved DME 
in patients 
with DM.

Aflibercept, 
ranibizumab, or 
bevacizumab.

All three anti-VEGF agents improved vision, but the 
relative effect depended on baseline vision.

Elman et al. (2015) 
[40]

Multicenter RCT. Center-in-
volved DME 
in patients 
with DM.

Ranibizumab. Five-year data revealed that initiating intravitreal 
ranibizumab with focal/grid laser is not superior to 
postponing laser treatment for ≥24 weeks in eyes 
with DME.

Brown et al. (2015) 
[41]

Two similarly designed 
phase 3 RCT: VISTADME 
and VIVIDDME.

Center-in-
volved DME 
in patients 
with type 1 or 
2 DM.

Aflibercept. Functional and anatomical superiority of aflibercept 
over laser therapy at 52 weeks persisted to week 100.

Schmid et al. 
(2015) [42]

A comparative study. Patients with 
age-related 
macular 
degeneration, 
DME, and 
retinal vein 
occlusion.

Ranibizumab 
and aflibercept.

Anti-VEGF agents did not differ in cost, injection 
frequency, or clinical outcomes.

Vandekerckhove 
(2015) [43]

A prospective case study. Patient with 
type I DM and 
bilateral refrac-
tory DME.

Aflibercept and 
ranibizumab.

The study reported the effectiveness of switching 
intravitreal ranibizumab to aflibercept in managing 
treatment-resistant DME. 

Wells et al. (2016) 
[37]

RCT. Center-in-
volved DME 
in patients 
with DM.

Aflibercept, 
bevacizumab, 
or ranibizumab.

All three anti-VEGFs improved visual acuity from 
baseline to 2 years, and aflibercept had a greater 
effect than ranibizumab and bevacizumab in eyes 
with worse initial visual acuity.

Wells et al. (2016) 
[44]

The post-hoc, exploratory 
analyses of RCT data.

Patients with 
DME.

Aflibercept, 
ranibizumab, or 
bevacizumab.

For eyes with terrible initial visual acuity, intravitreal 
aflibercept had an advantage over ranibizumab and 
bevacizumab.

Shimizu et al. 
(2017) [14]

A retrospective review of 
medical records.

Patients with 
DME.

Aflibercept or 
ranibizumab.

Both were effective, with the effects of aflibercept 
persisting longer than those of ranibizumab. Afliber-
cept may be effective in the anatomical improvement 
of DME in eyes refractory to ranibizumab.

Ashraf et al. (2017) 
[15]

A retrospective study. Patients with 
DME unre-
sponsive to 
bevacizumab.

Ranibizumab 
or aflibercept.

The effect of early switching to ranibizumab or af-
libercept in DME unresponsive to bevacizumab was 
evaluated, and both anti-VEGF agents were effective.

Wykoff et al. (2017) 
[45]

Phase 4, multicenter, 
open-label extension 
study.

Sixty patients 
with clinically 
relevant DME 
completing 
VISTADME.

Aflibercept. Vision gains attained during the 3-year VISTA DME 
trial were maintained through this extension study; 
treatment frequency was reduced, while 30% of eyes 
had no clinically relevant DME and did not receive 
aflibercept. 

Blinder et al. 
(2017) [46]

A multicenter, retrospec-
tive, chart review.

Patients with 
DME or macu-
lar edema due 
to retinal vein 
occlusion. 

Bevacizumab, 
ranibizumab, or 
aflibercept.

The frequency of anti-VEGF injections decreased, 
with lower efficacy than that shown in the ranibi-
zumab registration trials. Most patients with DME 
had suboptimal gains in visual acuity.
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Author (Year) Study design Participants Anti-VEGFs Outcomes

Demircan et al. 
(2018) [28]

A retrospective compara-
tive study.

Patients with 
persistent 
DME.

Ranibizumab 
or aflibercept.

The study evaluated the differences in visual and 
anatomical results between ranibizumab-treated 
patients with persistent DME who continued 
ranibizumab and those who switched to afliber-
cept. Functional outcomes were similar in both 
groups, but anatomical outcome was superior in the 
switched group.

Bressler et al. 
(2018) [47]

The post hoc analyses of 
a RCT, the DRCR.net 
Protocol T.

Patients with 
DME.

Aflibercept, 
ranibizumab, or 
bevacizumab.

Persistent center-involved DME was more likely 
with bevacizumab than with aflibercept or ranibi-
zumab. 

Morioka et al. 
(2018) [48]

RCT. Patients with 
DME.

Aflibercept, 
ranibizumab, or 
triamcinolone.

The study assessed anterior flare intensity and 
central retinal thickness following intravitreal injec-
tions of aflibercept, ranibizumab, or triamcinolone 
acetonide. Central retinal thickness improved after 
all treatments, but the flare decreased only in eyes 
treated with triamcinolone acetonide.

Kaldirim et al. 
(2019) [13]

A prospective, non-ran-
domized-cohort study.

Treatment 
naive eyes 
with DME and 
serous retinal 
detachment.

Ranibizumab 
or aflibercept.

Aflibercept was more effective than ranibizumab and 
required fewer injections.

Bressler et al. 
(2019) [49]

The post hoc analyses of 
a RCT, the DRCR.net 
Protocol T.

Patients with 
DME.

Aflibercept, 
bevacizumab, 
or ranibizumab.

The study examined associations between visual 
acuity and central subfield thickness changes for 
each of the three anti-VEGF agents. Only a small 
proportion of the variation in changes in visual 
acuity were explained by changes in central subfield 
thickness.

Ozkaya et al. 
(2020) [50]

A retrospective, compara-
tive study.

Patients with 
DME associ-
ated with sub-
foveal retinal 
detachment.

Aflibercept or 
ranibizumab.

Both were effective in functional and anatomical im-
provement, however, aflibercept was more effective 
than ranibizumab in subfoveal retinal detachment 
resolution at the 12th month.

Holbach et al. 
(2020) [51]

A retrospective study. Patients with 
treatment 
naive DME.

Aflibercept or 
ranibizumab.

Both anti-VEGF agents showed good safety and 
efficacy in DME treatment regarding functional and 
anatomical improvement under real-life conditions 
after 12 months. For eyes with worse initial visual 
acuity, aflibercept was more effective in visual acuity 
improvement.

Chujo et al. (2020) 
[52]

A retrospective study. Patients with 
DME.

Aflibercept or 
ranibizumab.

The treat-and-extend regime using ranibizumab or 
aflibercept was equally effective both functionally 
and anatomically without significant differences in 
injection counts between both drugs.

Sarda et al. (2020) 
[53]

A prospective single-cen-
ter study.

Patients with 
treatment 
naive DME.

Aflibercept or 
ranibizumab.

The central subfield choroidal thickness decreased 
after five injections of both anti-VEGF agents, espe-
cially aflibercept.

Chatzirallis et al. 
(2020) [54]

A prospective random-
ized study.

Patients with 
DME.

Aflibercept or 
ranibizumab.

The anti-VEGF agents had comparable anatomical 
and functional outcomes in an 18-month follow-up 
period.

Bhandari et al. 
(2020) [55]

A retrospective analysis 
of data from the pro-
spectively designed ob-
servational databases in 
Australia, New Zealand, 
and Switzerland.

Patients with 
treatment-na-
ive DME.

Aflibercept or 
ranibizumab.

Both anti-VEGF agents were effective. However, for 
eyes with worse initial visual acuity or thicker base-
line maculae, aflibercept yielded better outcomes.

Pessoa et al. (2021) 
[16]

A single-center retrospec-
tive comparative study.

Patients with 
DME unre-
sponsive to 
bevacizumab.

Aflibercept or 
ranibizumab.

Ranibizumab yielded both anatomical and function-
al improvements, and aflibercept only anatomical 
improvement.

Comet et al. (2021) 
[56]

A comparative study. Patients with 
treatment 
naive DME.

Ranibizumab, 
aflibercept, or 
IDI.

All drugs were functionally and anatomically effec-
tive in DEM management.

Turkseven et al. 
(2021) [57]

A retrospective study. Patients with 
DME and 
previously 
vitrectomized 
eyes.

Ranibizumab 
or aflibercept.

Both anti-VEGF agents were effective with compara-
ble functional and anatomical outcomes.

Countinued Table 4. Studies of intravitreal anti-VEGF agents in managing DME [12-16, 28, 36-68]
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Tsai and Cheng 
(2021) [58]

A retrospective compara-
tive study.

Patients with 
DME.

Aflibercept or 
ranibizumab.

Both anti-VEGF agents yielded anatomical and 
functional improvements. In aflibercept-treated 
eyes, vision was maintained more effectively with 
less recurrence of subretinal fluid at 12 months in 
real-world settings.

Korkmaz et al. 
(2021) [59]

A retrospective study. Patients with 
treatment 
naive DME.

Ranibizumab, 
aflibercept, or 
IDI.

Functional and anatomical improvements were 
significant in all treatment groups.

Asikgarip and Ye-
nerel (2021) [60]

A retrospective study. Patients with 
treatment 
naive DME.

Aflibercept or 
ranibizumab.

Both anti-VEGF agents caused a significant nar-
rowing of retinal vessels after three loading doses at 
monthly intervals.

Gabrielle et al. 
(2022) [12]

A retrospective study. Patients with 
treatment 
naive DME.

Aflibercept or 
ranibizumab.

Both anti-VEGF agents were effective and safe over 
3 years of follow-up after the start of treatment. 
Aflibercept yielded a higher reduction in central 
subfield thickness than ranibizumab.

Jhaveri et al. (2022) 
[61]

RCT. Center-in-
volved DME 
in patients 
with DM.

Aflibercept or 
bevacizumab.

There was no significant difference in functional 
outcomes between aflibercept monotherapy and 
bevacizumab treatment switched to aflibercept 
during a 2-year follow-up.

Atas et al. (2022) 
[62]

A retrospective compara-
tive study.

Patients with 
treatment 
naive DME 
without ade-
quate response 
to three 
consecutive 
bevacizumab 
injections.

Aflibercept or 
ranibizumab.

Both anti-VEGF agents produced significant func-
tional and anatomical improvements. Early treat-
ment switching in eyes with inadequate response to 
bevacizumab could improve visual and anatomical 
outcomes.

Alshalan et al. 
(2022) [63]

A retrospective cohort 
study.

Center-in-
volved DME 
in patients 
with DM.

Aflibercept or 
ranibizumab.

The study assessed the impact of age on the 
anatomical and functional outcomes of intravitreal 
anti-VEGF agents. Age significantly influenced the 
anatomical outcome, as the younger age group expe-
rienced more reduction in central subfield thickness 
than the older age group.

Akbas et al. (2023) 
[64]

A retrospective study. Patients with 
DME.

Aflibercept or 
ranibizumab.

The aflibercept group had significantly better func-
tional outcome at year 1; however, this difference 
did not persist in years 2 and 3. Despite the com-
parable mean total number of injections between 
groups, the need for adjuvant steroid treatment 
was higher in the ranibizumab group than in the 
aflibercept group.

Kaya et al. (2023) 
[65]

A retrospective study. Patients with 
treatment 
naive DME.

Aflibercept or 
ranibizumab.

The mean number of injections as well as anatomical 
and functional improvements were comparable 
using ranibizumab or aflibercept monotherapy. Eyes 
with worse baseline vision had a more significant 
visual gain in the aflibercept group than in the 
ranibizumab group. 

Isik et al. (2023) 
[66]

A single-center retrospec-
tive comparative study.

Patients with 
treatment 
naive DME.

Aflibercept or 
ranibizumab.

In a real-world setting, both anti-VEGF agents had 
comparable functional and anatomical outcomes 
as first-line DME treatments, with similar injection 
numbers. Despite fewer injections, the real-world 
setting had functional and anatomical outcomes 
comparable to those of RCTs.

Sirakaya et al. 
(2023) [67]

A retrospective compara-
tive study.

Patients with 
treatment na-
ive DME and 
serous retinal 
detachment.

Aflibercept, 
ranibizumab, or 
bevacizumab.

In the first 3 months, central retinal thickness and 
serous retinal detachment height were better in 
the aflibercept-treated eyes than in the other two 
anti-VEGF-treated eyes. However, evaluating the 
anatomical and functional outcomes after 6 months, 
we determined that all were equally effective.

Yayla et al. (2023) 
[68]

A retrospective, re-
al-world study.

Patients with 
DME.

Aflibercept, 
ranibizumab, 
bevacizumab, 
or IDI.

Gains in visual acuity were poorer than those in 
RCTs because of the lower number of injections in 
real-life setting. However, with lower baseline visual 
acuity and higher IDI combination rates, these gains 
were relatively superior to those of similar real-life 
studies.

Abbreviations: anti-VEGF, anti-vascular endothelial growth factor; DME, diabetic macular edema; RCT, randomized controlled 
trial; DM, diabetes mellitus; VEGF, vascular endothelial growth factor; VISTA-DME, Study of Intravitreal Aflibercept Injection 
(IAI; EYLEA®; BAY86-5321) in Patients With DME; VIVID-DME, Intravitreal Aflibercept Injection in Vision Impairment Due to 
DME; DM, diabetes mellitus; DRCR, Diabetic Retinopathy Clinical Research Network; IDI, intravitreal dexamethasone implant. 

Countinued Table 4. Studies of intravitreal anti-VEGF agents in managing DME [12-16, 28, 36-68]

Author (Year) Study design Participants Anti-VEGFs Outcomes
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CONCLUSIONS
Ranibizumab and aflibercept are equally effective in achieving the desired anatomical and functional results in 
treatment-naive DME management over 6 months, with similar safety profiles and without significant differenc-
es in injection counts between both drugs. Larger prospective, randomized, double-blinded trials with longer 
follow-up periods are needed to confirm our preliminary results.

ETHICAL DECLARATIONS
Ethical approval: Our investigation conformed to the principles of the Helsinki Declaration, and ethical ap-
proval was granted by the Institutional Review Board of Al-Azhar University. Written informed consent was 
obtained from each patient before recruitment. 
Conflict of interest: None.

FUNDING
None.

ACKNOWLEDGMENTS
None.

REFERENCES
1. Abouzid MR, Ali K, Elkhawas I, Elshafei SM. An Overview of Diabetes Mellitus in Egypt and the Significance of Integrating Preventive Cardi-

ology in Diabetes Management. Cureus. 2022;14(7):e27066. doi: 10.7759/cureus.27066 pmid: 36000101
2. Kropp M, Golubnitschaja O, Mazurakova A, Koklesova L, Sargheini N, Vo TKS, et al. Diabetic retinopathy as the leading cause of blindness 

and early predictor of cascading complications-risks and mitigation. EPMA J. 2023;14(1):21-42. doi: 10.1007/s13167-023-00314-8 pmid: 
36866156

3. Ramin S, Gharebaghi R, Heidary F. Scientometric Analysis and Mapping of Scientific Articles on Diabetic Retinopathy. Med Hypothesis Discov 
Innov Ophthalmol. 2015;4(3):81-100. pmid: 27350949

4. Ţălu Ş, Nicoara SD. Malfunction of outer retinal barrier and choroid in the occurrence and progression of diabetic macular edema. World J 
Diabetes. 2021;12(4):437-452. doi: 10.4239/wjd.v12.i4.437 pmid: 33889289

5. Zhang J, Zhang J, Zhang C, Zhang J, Gu L, Luo D, et al. Diabetic Macular Edema: Current Understanding, Molecular Mechanisms and Thera-
peutic Implications. Cells. 2022;11(21):3362. doi: 10.3390/cells11213362 pmid: 36359761

6. Li YF, Ren Q, Sun CH, Li L, Lian HD, Sun RX, et al. Efficacy and mechanism of anti-vascular endothelial growth factor drugs for diabetic mac-
ular edema patients. World J Diabetes. 2022;13(7):532-542. doi: 10.4239/wjd.v13.i7.532 pmid: 36051431

7. Cai S, Bressler NM. Aflibercept, bevacizumab or ranibizumab for diabetic macular oedema: recent clinically relevant findings from DRCR.net 
Protocol T. Curr Opin Ophthalmol. 2017;28(6):636-643. doi: 10.1097/ICU.0000000000000424 pmid: 28837425

8. Glassman AR, Wells JA 3rd, Josic K, Maguire MG, Antoszyk AN, Baker C, et al. Five-Year Outcomes after Initial Aflibercept, Bevacizumab, 
or Ranibizumab Treatment for Diabetic Macular Edema (Protocol T Extension Study). Ophthalmology. 2020;127(9):1201-1210. doi: 
10.1016/j.ophtha.2020.03.021 pmid: 32402554

9. Adams BS, Sorhaitz W, Stringham J. Aflibercept. 2023. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024. pmid: 35881741
10. Heier JS, Bressler NM, Avery RL, Bakri SJ, Boyer DS, Brown DM, et al.; American Society of Retina Specialists Anti-VEGF for Diabetic Macu-

lar Edema Comparative Effectiveness Panel. Comparison of Aflibercept, Bevacizumab, and Ranibizumab for Treatment of Diabetic Macular 
Edema: Extrapolation of Data to Clinical Practice. JAMA Ophthalmol. 2016;134(1):95-9. doi: 10.1001/jamaophthalmol.2015.4110 pmid: 
26512939

11. Plaza-Ramos P, Borque E, García-Layana A. Evaluation of ranibizumab and aflibercept for the treatment of diabetic macular edema in daily 
clinical practice. PLoS One. 2019;14(10):e0223793. doi: 10.1371/journal.pone.0223793 pmid: 31644594

12. Gabrielle PH, Nguyen V, Creuzot-Garcher C, Arnold JJ, Mehta H, Duran MA, et al. Three-Year Treatment Outcomes of Aflibercept Versus 
Ranibizumab for Diabetic Macular Edema: Data from the Fight Retinal Blindness! Registry. Retina. 2022;42(6):1085-1094. doi: 10.1097/
IAE.0000000000003428 pmid: 35174799

13. Kaldırım H, Yazgan S, Kırgız A, Atalay K, Savur F. A Comparison Study of Ranibizumab and Aflibercept in Patients with Naive Diabetic Mac-
ular Edema in Presence of Serous Retinal Detachment. Curr Eye Res. 2019;44(9):987-993. doi: 10.1080/02713683.2019.1608260 pmid: 
30983426

14. Shimizu N, Oshitari T, Tatsumi T, Takatsuna Y, Arai M, Sato E, et al. Comparisons of Efficacy of Intravitreal Aflibercept and Ranibizumab in 
Eyes with Diabetic Macular Edema. Biomed Res Int. 2017;2017:1747108. doi: 10.1155/2017/1747108 pmid: 28758110

15. Ashraf M, Souka AA, ElKayal H. Short-Term Effects of Early Switching to Ranibizumab or Aflibercept in Diabetic Macular Edema Cases 
With Non-Response to Bevacizumab. Ophthalmic Surg Lasers Imaging Retina. 2017;48(3):230-236. doi: 10.3928/23258160-20170301-06 
pmid: 28297035

16. Pessoa B, Malheiro L, Carneiro I, Monteiro S, Coelho J, Coelho C, et al. Intravitreal Ranibizumab or Aflibercept After Bevacizumab in Diabetic 
Macular Edema: Exploratory Retrospective Analysis. Clin Ophthalmol. 2021;15:253-260. doi: 10.2147/OPTH.S280644 pmid: 33519187

17. Gabrielle PH, Nguyen V, Bhandari S, Mehta H, Viola F, Arnold J, et al. Initial observation or treatment for diabetic macular oedema with good 
visual acuity: two-year outcomes comparison in routine clinical practice: data from the Fight Retinal Blindness! Registry. Acta Ophthalmol. 
2022;100(3):285-294. doi: 10.1111/aos.14672 pmid: 33196150

18. Kohli P, Tripathy K, Patel BC. Macular Edema. 2024. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024. pmid: 
35015421

https://www.cureus.com/articles/100602-an-overview-of-diabetes-mellitus-in-egypt-and-the-significance-of-integrating-preventive-cardiology-in-diabetes-management#!/
https://pubmed.ncbi.nlm.nih.gov/36000101/
https://link.springer.com/article/10.1007/s13167-023-00314-8
https://pubmed.ncbi.nlm.nih.gov/36866156/
https://pubmed.ncbi.nlm.nih.gov/36866156/
https://pubmed.ncbi.nlm.nih.gov/27350949/
https://www.wjgnet.com/1948-9358/full/v12/i4/437.htm
https://pubmed.ncbi.nlm.nih.gov/33889289/
https://www.mdpi.com/2073-4409/11/21/3362
https://pubmed.ncbi.nlm.nih.gov/36359761/
https://pubmed.ncbi.nlm.nih.gov/36051431/
https://journals.lww.com/co-ophthalmology/abstract/2017/11000/aflibercept,_bevacizumab_or_ranibizumab_for.16.aspx
https://pubmed.ncbi.nlm.nih.gov/28837425/
https://linkinghub.elsevier.com/retrieve/pii/S0161642020303043
https://linkinghub.elsevier.com/retrieve/pii/S0161642020303043
https://pubmed.ncbi.nlm.nih.gov/32402554/
https://pubmed.ncbi.nlm.nih.gov/35881741/
https://jamanetwork.com/journals/jamaophthalmology/article-abstract/2465312
https://pubmed.ncbi.nlm.nih.gov/26512939/
https://pubmed.ncbi.nlm.nih.gov/26512939/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0223793
https://pubmed.ncbi.nlm.nih.gov/31644594/
https://journals.lww.com/retinajournal/fulltext/2022/06000/three_year_treatment_outcomes_of_aflibercept.10.aspx
https://journals.lww.com/retinajournal/fulltext/2022/06000/three_year_treatment_outcomes_of_aflibercept.10.aspx
https://pubmed.ncbi.nlm.nih.gov/35174799/
https://www.tandfonline.com/doi/full/10.1080/02713683.2019.1608260
https://pubmed.ncbi.nlm.nih.gov/30983426/
https://pubmed.ncbi.nlm.nih.gov/30983426/
https://onlinelibrary.wiley.com/doi/10.1155/2017/1747108
https://pubmed.ncbi.nlm.nih.gov/28758110/
https://journals.healio.com/doi/10.3928/23258160-20170301-06
https://pubmed.ncbi.nlm.nih.gov/28297035/
https://www.dovepress.com/intravitreal-ranibizumab-or-aflibercept-after-bevacizumab-in-diabetic--peer-reviewed-fulltext-article-OPTH
https://pubmed.ncbi.nlm.nih.gov/33519187/
https://onlinelibrary.wiley.com/doi/10.1111/aos.14672
https://pubmed.ncbi.nlm.nih.gov/33196150/
https://pubmed.ncbi.nlm.nih.gov/35015421/
https://pubmed.ncbi.nlm.nih.gov/35015421/


Aflibercept or ranibizumab for diabetic macular edema

Med Hypothesis Discov Innov Ophthalmol. 2024; 13(1) 25

19. Browning DJ, Altaweel MM, Bressler NM, Bressler SB, Scott IU; Diabetic Retinopathy Clinical Research Network. Diabetic macular edema: 
what is focal and what is diffuse? Am J Ophthalmol. 2008;146(5):649-55, 655.e1-6. doi: 10.1016/j.ajo.2008.07.013 pmid: 18774122

20. Wilkinson CP, Ferris FL 3rd, Klein RE, Lee PP, Agardh CD, Davis M, et al.; Global Diabetic Retinopathy Project Group. Proposed interna-
tional clinical diabetic retinopathy and diabetic macular edema disease severity scales. Ophthalmology. 2003;110(9):1677-82. doi: 10.1016/
S0161-6420(03)00475-5 pmid: 13129861

21. Trichonas G, Kaiser PK. Optical coherence tomography imaging of macular oedema. Br J Ophthalmol. 2014;98 Suppl 2(Suppl 2):ii24-9. doi: 
10.1136/bjophthalmol-2014-305305 pmid: 24934220 

22. Bhende M, Shetty S, Parthasarathy MK, Ramya S. Optical coherence tomography: A guide to interpretation of common macular diseases. In-
dian J Ophthalmol. 2018;66(1):20-35. doi: 10.4103/ijo.IJO_902_17. Erratum in: Indian J Ophthalmol. 2018;66(3):485. pmid: 29283118

23. Schwarzer P, Ebneter A, Munk M, Wolf S, Zinkernagel MS. One-Year Results of Using a Treat-and-Extend Regimen without a Loading 
Phase with Anti-VEGF Agents in Patients with Treatment-Naive Diabetic Macular Edema. Ophthalmologica. 2019;241(4):220-225. doi: 
10.1159/000495623 pmid: 30654365

24. Aiello LP, Brucker AJ, Chang S, Cunningham ET Jr, D’Amico DJ, Flynn HW Jr, et al. Evolving guidelines for intravitreous injections. Retina. 
2004;24(5 Suppl):S3-19. doi: 10.1097/00006982-200410001-00002 pmid: 15483476

25. Bhavsar AR (2008). ‘Intravitreal injections’. In: Bhavsar AR (eds). Surgical Techniques in Ophthalmology Series: Retina and Vitreous Surgery 
(pp: 133-145). Elsevier. ISBN: 9781416042068 

26. Kim HY. Statistical notes for clinical researchers: Chi-squared test and Fisher’s exact test. Restor Dent Endod. 2017;42(2):152-155. doi: 
10.5395/rde.2017.42.2.152 pmid: 28503482

27. du Prel JB, Röhrig B, Hommel G, Blettner M. Choosing statistical tests: part 12 of a series on evaluation of scientific publications. Dtsch Arztebl 
Int. 2010;107(19):343-8. doi: 10.3238/arztebl.2010.0343 pmid: 20532129

28. Demircan A, Alkin Z, Yesilkaya C, Demir G, Kemer B. Comparison of Intravitreal Aflibercept and Ranibizumab following Initial Treatment with 
Ranibizumab in Persistent Diabetic Macular Edema. J Ophthalmol. 2018;2018:4171628. doi: 10.1155/2018/4171628 pmid: 29850202

29. Vaidyanathan U, Moshirfar M. Ranibizumab. 2023. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024. pmid: 31335082
30. Fouda SM, Bahgat AM. Intravitreal aflibercept versus intravitreal ranibizumab for the treatment of diabetic macular edema. Clin Ophthalmol. 

2017;11:567-571. doi: 10.2147/OPTH.S131381 pmid: 28356711
31. Park SJ, Choi Y, Na YM, Hong HK, Park JY, Park KH, et al. Intraocular Pharmacokinetics of Intravitreal Aflibercept (Eylea) in a Rabbit Model. 

Invest Ophthalmol Vis Sci. 2016;57(6):2612-7. doi: 10.1167/iovs.16-19204 pmid: 27258433
32. Babiuch AS, Conti TF, Conti FF, Silva FQ, Rachitskaya A, Yuan A, et al. Diabetic macular edema treated with intravitreal aflibercept injection 

after treatment with other anti-VEGF agents (SWAP-TWO study): 6-month interim analysis. Int J Retina Vitreous. 2019;5:17. doi: 10.1186/
s40942-019-0167-x pmid: 31367468

33. Fauser S, Muether PS. Clinical correlation to differences in ranibizumab and aflibercept vascular endothelial growth factor suppression times. 
Br J Ophthalmol. 2016;100(11):1494-1498. doi: 10.1136/bjophthalmol-2015-308264 pmid: 26888975

34. Pham B, Thomas SM, Lillie E, Lee T, Hamid J, Richter T, et al. Anti-vascular endothelial growth factor treatment for retinal conditions: a sys-
tematic review and meta-analysis. BMJ Open. 2019;9(5):e022031. doi: 10.1136/bmjopen-2018-022031 pmid: 31142516

35. Alsaedi NG, Alselaimy RM, Alshamrani AA, AlAjmi M, Khandekar R, Al-Dhibi H, et al. Aflibercept versus Ranibizumab as a Second Line 
Therapy After Bevacizumab for Diabetic Macular Edema. Clin Ophthalmol. 2021;15:2975-2980. doi: 10.2147/OPTH.S316271 pmid: 
34285463

36. Diabetic Retinopathy Clinical Research Network; Wells JA, Glassman AR, Ayala AR, Jampol LM, Aiello LP, Antoszyk AN, et al. Aflibercept, 
bevacizumab, or ranibizumab for diabetic macular edema. N Engl J Med. 2015;372(13):1193-203. doi: 10.1056/NEJMoa1414264 pmid: 
25692915

37. Wells JA, Glassman AR, Ayala AR, Jampol LM, Bressler NM, Bressler SB, et al.; Diabetic Retinopathy Clinical Research Network. Aflibercept, 
Bevacizumab, or Ranibizumab for Diabetic Macular Edema: Two-Year Results from a Comparative Effectiveness Randomized Clinical Trial. 
Ophthalmology. 2016;123(6):1351-9. doi: 10.1016/j.ophtha.2016.02.022 pmid: 26935357

38. Nguyen QD, Brown DM, Marcus DM, Boyer DS, Patel S, Feiner L, et al.; RISE and RIDE Research Group. Ranibizumab for diabetic 
macular edema: results from 2 phase III randomized trials: RISE and RIDE. Ophthalmology. 2012;119(4):789-801. doi: 10.1016/j.oph-
tha.2011.12.039 pmid: 22330964

39. Do DV, Nguyen QD, Boyer D, Schmidt-Erfurth U, Brown DM, Vitti R, et al.; da Vinci Study Group. One-year outcomes of the da Vinci Study 
of VEGF Trap-Eye in eyes with diabetic macular edema. Ophthalmology. 2012;119(8):1658-65. doi: 10.1016/j.ophtha.2012.02.010 pmid: 
22537617

40. Elman MJ, Ayala A, Bressler NM, Browning D, Flaxel CJ, Glassman AR, et al.; Diabetic Retinopathy Clinical Research Network. Intravitre-
al Ranibizumab for diabetic macular edema with prompt versus deferred laser treatment: 5-year randomized trial results. Ophthalmology. 
2015;122(2):375-81. doi: 10.1016/j.ophtha.2014.08.047 pmid: 25439614

41. Brown DM, Schmidt-Erfurth U, Do DV, Holz FG, Boyer DS, Midena E, et al. Intravitreal Aflibercept for Diabetic Macular Edema: 100-Week 
Results From the VISTA and VIVID Studies. Ophthalmology. 2015;122(10):2044-52. doi: 10.1016/j.ophtha.2015.06.017 pmid: 26198808

42. Schmid MK, Reich O, Faes L, Boehni SC, Bittner M, Howell JP, et al. Comparison of Outcomes and Costs of Ranibizumab and Aflibercept 
Treatment in Real-Life. PLoS One. 2015;10(8):e0135050. doi: 10.1371/journal.pone.0135050 pmid: 26241852

43. Vandekerckhove KR. Aflibercept versus ranibizumab for treating persistent diabetic macular oedema. Int Ophthalmol. 2015;35(4):603-9. doi: 
10.1007/s10792-015-0081-7 pmid: 25989873

44. Wells JA, Glassman AR, Jampol LM, Aiello LP, Antoszyk AN, Baker CW, et al.; Diabetic Retinopathy Clinical Research Network. Asso-
ciation of Baseline Visual Acuity and Retinal Thickness With 1-Year Efficacy of Aflibercept, Bevacizumab, and Ranibizumab for Diabetic 
Macular Edema. JAMA Ophthalmol. 2016;134(2):127-34. doi: 10.1001/jamaophthalmol.2015.4599. Erratum in: JAMA Ophthalmol. 
2016;134(4):469. pmid: 26605836

45. Wykoff CC, Le RT, Khurana RN, Brown DM, Ou WC, Wang R, et al.; ENDURANCE Study Group. Outcomes With As-Needed Aflibercept 
and Macular Laser Following the Phase III VISTA DME Trial: ENDURANCE 12-Month Extension Study. Am J Ophthalmol. 2017;173:56-
63. doi: 10.1016/j.ajo.2016.09.029 pmid: 27702624

46. Blinder KJ, Dugel PU, Chen S, Jumper JM, Walt JG, Hollander DA, et al. Anti-VEGF treatment of diabetic macular edema in clinical prac-

https://linkinghub.elsevier.com/retrieve/pii/S0002939408005333
https://pubmed.ncbi.nlm.nih.gov/18774122/
https://linkinghub.elsevier.com/retrieve/pii/S0161642003004755
https://linkinghub.elsevier.com/retrieve/pii/S0161642003004755
https://pubmed.ncbi.nlm.nih.gov/13129861/
https://bjo.bmj.com/content/98/Suppl_2/ii24
https://bjo.bmj.com/content/98/Suppl_2/ii24
https://pubmed.ncbi.nlm.nih.gov/24934220/
https://journals.lww.com/ijo/fulltext/2018/66010/optical_coherence_tomography__a_guide_to.6.aspx
https://pubmed.ncbi.nlm.nih.gov/29283118/
https://karger.com/oph/article-abstract/241/4/220/264083/One-Year-Results-of-Using-a-Treat-and-Extend?redirectedFrom=fulltext
https://karger.com/oph/article-abstract/241/4/220/264083/One-Year-Results-of-Using-a-Treat-and-Extend?redirectedFrom=fulltext
https://pubmed.ncbi.nlm.nih.gov/30654365/
https://journals.lww.com/retinajournal/abstract/2004/10001/evolving_guidelines_for_intravitreous_injections.2.aspx
https://pubmed.ncbi.nlm.nih.gov/15483476/
https://www.elsevierhealth.com.au/surgical-techniques-in-ophthalmology-series-retina-and-vitreous-surgery-9781416042068.html
https://rde.ac/DOIx.php?id=10.5395/rde.2017.42.2.152
https://rde.ac/DOIx.php?id=10.5395/rde.2017.42.2.152
https://pubmed.ncbi.nlm.nih.gov/28503482/
https://www.aerzteblatt.de/int/archive/article/74893
https://pubmed.ncbi.nlm.nih.gov/20532129/
https://onlinelibrary.wiley.com/doi/10.1155/2018/4171628
https://pubmed.ncbi.nlm.nih.gov/29850202/
https://pubmed.ncbi.nlm.nih.gov/31335082/
https://www.dovepress.com/intravitreal-aflibercept-versus-intravitreal-ranibizumab-for-the-treat-peer-reviewed-fulltext-article-OPTH
https://pubmed.ncbi.nlm.nih.gov/28356711/
https://iovs.arvojournals.org/article.aspx?articleid=2522916
https://pubmed.ncbi.nlm.nih.gov/27258433/
https://journalretinavitreous.biomedcentral.com/articles/10.1186/s40942-019-0167-x
https://journalretinavitreous.biomedcentral.com/articles/10.1186/s40942-019-0167-x
https://pubmed.ncbi.nlm.nih.gov/31367468/
https://bjo.bmj.com/content/100/11/1494
https://pubmed.ncbi.nlm.nih.gov/26888975/
https://bmjopen.bmj.com/content/9/5/e022031
https://pubmed.ncbi.nlm.nih.gov/31142516/
https://www.dovepress.com/aflibercept-versus-ranibizumab-as-a-second-line-therapy-after-bevacizu-peer-reviewed-fulltext-article-OPTH
https://pubmed.ncbi.nlm.nih.gov/34285463/
https://pubmed.ncbi.nlm.nih.gov/34285463/
https://www.nejm.org/doi/10.1056/NEJMoa1414264
https://pubmed.ncbi.nlm.nih.gov/25692915/
https://pubmed.ncbi.nlm.nih.gov/25692915/
https://linkinghub.elsevier.com/retrieve/pii/S0161642016002062
https://pubmed.ncbi.nlm.nih.gov/26935357/
https://linkinghub.elsevier.com/retrieve/pii/S0161642011012425
https://linkinghub.elsevier.com/retrieve/pii/S0161642011012425
https://pubmed.ncbi.nlm.nih.gov/22330964/
https://linkinghub.elsevier.com/retrieve/pii/S0161642012001303
https://pubmed.ncbi.nlm.nih.gov/22537617/
https://pubmed.ncbi.nlm.nih.gov/22537617/
https://linkinghub.elsevier.com/retrieve/pii/S0161642014008215
https://pubmed.ncbi.nlm.nih.gov/25439614/
https://linkinghub.elsevier.com/retrieve/pii/S0161642015005825
https://pubmed.ncbi.nlm.nih.gov/26198808/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0135050
https://pubmed.ncbi.nlm.nih.gov/26241852/
https://link.springer.com/article/10.1007/s10792-015-0081-7
https://link.springer.com/article/10.1007/s10792-015-0081-7
https://pubmed.ncbi.nlm.nih.gov/25989873/
https://jamanetwork.com/journals/jamaophthalmology/fullarticle/2473359
https://pubmed.ncbi.nlm.nih.gov/26605836/
https://linkinghub.elsevier.com/retrieve/pii/S0002939416304858
https://pubmed.ncbi.nlm.nih.gov/27702624/


Aflibercept or ranibizumab for diabetic macular edema

Med Hypothesis Discov Innov Ophthalmol. 2024; 13(1)26

tice: effectiveness and patterns of use (ECHO Study Report 1). Clin Ophthalmol. 2017;11:393-401. doi: 10.2147/OPTH.S128509 pmid: 
28260851

47. Bressler NM, Beaulieu WT, Glassman AR, Blinder KJ, Bressler SB, Jampol LM, et al.; Diabetic Retinopathy Clinical Research Network. 
Persistent Macular Thickening Following Intravitreous Aflibercept, Bevacizumab, or Ranibizumab for Central-Involved Diabetic Macular 
Edema With Vision Impairment: A Secondary Analysis of a Randomized Clinical Trial. JAMA Ophthalmol. 2018;136(3):257-269. doi: 
10.1001/jamaophthalmol.2017.6565. Erratum in: JAMA Ophthalmol. 2018;136(5):601. pmid: 29392288

48. Morioka M, Takamura Y, Yamada Y, Matsumura T, Gozawa M, Inatani M. Flare levels after intravitreal injection of ranibizumab, aflibercept, or 
triamcinolone acetonide for diabetic macular edema. Graefes Arch Clin Exp Ophthalmol. 2018;256(12):2301-2307. doi: 10.1007/s00417-
018-4141-3 pmid: 30238189

49. Bressler NM, Odia I, Maguire M, Glassman AR, Jampol LM, MacCumber MW, et al.; DRCR Retina Network. Association Between Change 
in Visual Acuity and Change in Central Subfield Thickness During Treatment of Diabetic Macular Edema in Participants Randomized 
to Aflibercept, Bevacizumab, or Ranibizumab: A Post Hoc Analysis of the Protocol T Randomized Clinical Trial. JAMA Ophthalmol. 
2019;137(9):977-985. doi: 10.1001/jamaophthalmol.2019.1963 pmid: 31246237

50. Ozkaya A, Demir G, Kirmaci A. Comparison of aflibercept and ranibizumab in diabetic macular edema associated with subretinal detachment. 
Eur J Ophthalmol. 2020;30(2):363-369. doi: 10.1177/1120672119827855 pmid: 30757913

51. Holbach B, Zeman F, Helbig H, Gamulescu MA. Ranibizumab und Aflibercept bei diabetischem Makulaödem – Retrospektive Studie mit 
Ergebnissen aus dem klinischen Alltag nach 12 Monaten [Ranibizumab and aflibercept for diabetic macular edema-retrospective study with 
real-life data after 12 months]. Ophthalmologe. 2020;117(7):687-692. German. doi: 10.1007/s00347-019-01004-5 pmid: 31705192

52. Chujo S, Sugimoto M, Sasaki T, Matsui Y, Kato K, Ichio A, et al. Comparison of 2-Year Outcomes between Intravitreal Ranibizumab and Intra-
vitreal Aflibercept for Diabetic Macular Edema with “Treat-and-Extend” Regimen-Its Usefulness and Problems. J Clin Med. 2020;9(9):2848. 
doi: 10.3390/jcm9092848 pmid: 32887464

53. Sarda V, Eymard P, Hrarat L, Fajnkuchen F, Giocanti-Aurégan A. Comparison of the Effect of Ranibizumab and Aflibercept on Changes in Mac-
ular Choroidal Thickness in Patients Treated for Diabetic Macular Edema. J Ophthalmol. 2020;2020:5708354. doi: 10.1155/2020/5708354 
pmid: 32850142

54. Chatzirallis A, Theodossiadis P, Droutsas K, Koutsandrea C, Ladas I, Moschos MM. Ranibizumab versus aflibercept for diabetic macular 
edema: 18-month results of a comparative, prospective, randomized study and multivariate analysis of visual outcome predictors. Cutan Ocul 
Toxicol. 2020;39(4):317-322. doi: 10.1080/15569527.2020.1802741 pmid: 32722955

55. Bhandari S, Nguyen V, Fraser-Bell S, Mehta H, Viola F, Baudin F, et al. Ranibizumab or Aflibercept for Diabetic Macular Edema: Comparison 
of 1-Year Outcomes from the Fight Retinal Blindness! Registry. Ophthalmology. 2020;127(5):608-615. doi: 10.1016/j.ophtha.2019.11.018 
pmid: 31932092

56. Comet A, Gascon P, Ramtohul P, Donnadieu B, Denis D, Matonti F. INVICTUS: Intravitreal anti-VEGF and dexamethasone implant 
comparison for the treatment of diabetic macular edema: A 12 months follow-up study. Eur J Ophthalmol. 2021;31(2):754-758. doi: 
10.1177/1120672120930603. Erratum in: Eur J Ophthalmol. 2020:1120672120942974 pmid: 32507032

57. Türkseven Kumral E, Erçalık NY. Intravitreal Ranibizumab Versus Aflibercept for Diabetic Macular Edema in Vitrectomized Eyes: 12 Month 
Results. Semin Ophthalmol. 2021;36(8):723-727. doi: 10.1080/08820538.2021.1900287 pmid: 33760698

58. Tsai MJ, Cheng CK. Intravitreal Aflibercept versus Ranibizumab for Diabetic Macular Edema in a Taiwanese Health Service Setting. Semin 
Ophthalmol. 2021;36(3):132-138. doi: 10.1080/08820538.2021.1889620 pmid: 33661709

59. Korkmaz A, Karti O, Zengin MO, Yuksel B, Kusbeci T. Real-life outcomes of intravitreal ranibizumab, aflibercept, and dexamethasone implant 
administrations in patients with treatment-naïve diabetic macular edema. Saudi J Ophthalmol. 2021;36(3):327-334. doi: 10.4103/sjopt.
sjopt_59_21 pmid: 36276250

60. Aşikgarip N, Yenerel NM. Comparison of the effects of intravitreal ranibizumab and aflibercept on retinal vessel diameters in patients with 
diabetic macular edema. Photodiagnosis Photodyn Ther. 2021;34:102282. doi: 10.1016/j.pdpdt.2021.102282 pmid: 33813015

61. Jhaveri CD, Glassman AR, Ferris FL 3rd, Liu D, Maguire MG, Allen JB, et al.; DRCR Retina Network. Aflibercept Monotherapy or Bevacizum-
ab First for Diabetic Macular Edema. N Engl J Med. 2022;387(8):692-703. doi: 10.1056/NEJMoa2204225 pmid: 35833805

62. Ataş M, Ozsaygılı C, Bayram N, Unal S. Retrospective analysis of the efficacy of early switching from bevacizumab to aflibercept or ranibizumab 
in diabetic macular edema. Eur J Ophthalmol. 2022:11206721221137164. doi: 10.1177/11206721221137164 pmid: 36330651

63. Alshalan HA, Arevalo JF, Alomary SI, Ardah HI, Hazzazi MA. Effect of age on response to anti-VEGF agents in patients with center involving 
diabetic macular edema in a tertiary hospital. Int J Retina Vitreous. 2022;8(1):84. doi: 10.1186/s40942-022-00434-9 pmid: 36514180

64. Akbas YB, Alagoz C, Cakmak S, Demir G, Alagoz N, Artunay HO. Three year outcomes of intravitreal ranibizumab and aflibercept treat-
ment of patients with diabetic macular edema: A comparative study. Ther Adv Ophthalmol. 2023;15:25158414231195174. doi: 
10.1177/25158414231195174 pmid: 37649968

65. Kaya M, Öztürk T, Koçak N, Akbulut Yağcı B, Ataş F, Kaynak S. Ranibizumab or Aflibercept Monotherapies in Treatment-Naive Eyes with 
Diabetic Macular Edema: A Head-to-Head Comparison in Real-Life Experience. Turk J Ophthalmol. 2023;53(1):30-36. doi: 10.4274/tjo.
galenos.2022.38227 pmid: 36847631

66. Isik P, Sizmaz S, Esen E, Uysal A, Demircan N. Comparison of intravitreal ranibizumab and aflibercept for the treatment of diabetic macular 
edema: a real-world study. Int Ophthalmol. 2023;43(11):4171-4180. doi: 10.1007/s10792-023-02820-0 pmid: 37505290

67. Sirakaya E, Kilic D, Aslan Sirakaya H. Comparison of intravitreal ranibizumab, aflibercept and bevacizumab therapies in diabetic macular 
edema with serous retinal detachment. Eur J Ophthalmol. 2023;33(3):1459-1466. doi: 10.1177/11206721221144797 pmid: 36482707

68. Yayla U, Sevik MO, Karabaş VL, Şahin Ö, Özkaya A, Yenerel NM, et al. Real-World Outcomes of Intravitreal Anti-Vascular Endothelial Growth 
Factor Treatment for Diabetic Macular Edema in Türkiye: MARMASIA Study Group Report No. 1. Turk J Ophthalmol. 2023;53(6):356-
368. doi: 10.4274/tjo.galenos.2023.56249 pmid: 38126607

69. Li L, Zhang W, Tu X, Pang J, Lai IF, Jin C, Cheung CY, Lin H. Application of Artificial Intelligence in Precision Medicine for Diabetic Macular 
Edema. Asia Pac J Ophthalmol (Phila). 2023 Sep-Oct 01;12(5):486-494. doi: 10.1097/APO.0000000000000583 pmid: 36650089

70. Chen SC, Chiu HW, Chen CC, Woung LC, Lo CM. A Novel Machine Learning Algorithm to Automatically Predict Visual Outcomes in Intrav-
itreal Ranibizumab-Treated Patients with Diabetic Macular Edema. J Clin Med. 2018;7(12):475. doi: 10.3390/jcm7120475 pmid: 30477203

https://www.dovepress.com/anti-vegf-treatment-of-diabetic-macular-edema-in-clinical-practice-eff-peer-reviewed-fulltext-article-OPTH
https://pubmed.ncbi.nlm.nih.gov/28260851/
https://pubmed.ncbi.nlm.nih.gov/28260851/
https://jamanetwork.com/journals/jamaophthalmology/fullarticle/2670736
https://jamanetwork.com/journals/jamaophthalmology/fullarticle/2670736
https://pubmed.ncbi.nlm.nih.gov/29392288/
https://link.springer.com/article/10.1007/s00417-018-4141-3
https://link.springer.com/article/10.1007/s00417-018-4141-3
https://pubmed.ncbi.nlm.nih.gov/30238189/
https://jamanetwork.com/journals/jamaophthalmology/fullarticle/2736421
https://pubmed.ncbi.nlm.nih.gov/31246237/
https://journals.sagepub.com/doi/10.1177/1120672119827855
https://pubmed.ncbi.nlm.nih.gov/30757913/
https://link.springer.com/article/10.1007/s00347-019-01004-5
https://pubmed.ncbi.nlm.nih.gov/31705192/
https://www.mdpi.com/2077-0383/9/9/2848
https://pubmed.ncbi.nlm.nih.gov/32887464/
https://onlinelibrary.wiley.com/doi/10.1155/2020/5708354
https://pubmed.ncbi.nlm.nih.gov/32850142/
https://www.tandfonline.com/doi/full/10.1080/15569527.2020.1802741
https://pubmed.ncbi.nlm.nih.gov/32722955/
https://linkinghub.elsevier.com/retrieve/pii/S0161642019322997
https://pubmed.ncbi.nlm.nih.gov/31932092/
https://journals.sagepub.com/doi/10.1177/1120672120930603
https://journals.sagepub.com/doi/10.1177/1120672120930603
https://pubmed.ncbi.nlm.nih.gov/32507032/
https://www.tandfonline.com/doi/full/10.1080/08820538.2021.1900287
https://pubmed.ncbi.nlm.nih.gov/33760698/
https://www.tandfonline.com/doi/full/10.1080/08820538.2021.1889620
https://pubmed.ncbi.nlm.nih.gov/33661709/
https://journals.lww.com/sjop/fulltext/2022/36030/real_life_outcomes_of_intravitreal_ranibizumab,.13.aspx
https://journals.lww.com/sjop/fulltext/2022/36030/real_life_outcomes_of_intravitreal_ranibizumab,.13.aspx
https://pubmed.ncbi.nlm.nih.gov/36276250/
https://linkinghub.elsevier.com/retrieve/pii/S1572100021001083
https://pubmed.ncbi.nlm.nih.gov/33813015/
https://www.nejm.org/doi/10.1056/NEJMoa2204225
https://pubmed.ncbi.nlm.nih.gov/35833805/
https://journals.sagepub.com/doi/10.1177/11206721221137164
https://pubmed.ncbi.nlm.nih.gov/36330651/
https://journalretinavitreous.biomedcentral.com/articles/10.1186/s40942-022-00434-9
https://pubmed.ncbi.nlm.nih.gov/36514180/
https://journals.sagepub.com/doi/10.1177/25158414231195174
https://journals.sagepub.com/doi/10.1177/25158414231195174
https://pubmed.ncbi.nlm.nih.gov/37649968/
https://cms.galenos.com.tr/Uploads/Article_58682/TJO-53-30-En.pdf
https://cms.galenos.com.tr/Uploads/Article_58682/TJO-53-30-En.pdf
https://pubmed.ncbi.nlm.nih.gov/36847631/
https://link.springer.com/article/10.1007/s10792-023-02820-0
https://pubmed.ncbi.nlm.nih.gov/37505290/
https://journals.sagepub.com/doi/10.1177/11206721221144797
https://pubmed.ncbi.nlm.nih.gov/36482707/
https://www.oftalmoloji.org/archives/archive-detail/article-preview/real-world-outcomes-of-ntravitreal-anti-vascular-e/63937
https://pubmed.ncbi.nlm.nih.gov/38126607/
https://www.sciencedirect.com/science/article/pii/S2162098923000415?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/36650089/
https://www.mdpi.com/2077-0383/7/12/475
https://pubmed.ncbi.nlm.nih.gov/30477203/

	Aflibercept or ranibizumab for diabetic macular edema 
	ABSTRACT
	KEYWORDS
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	ETHICAL DECLARATIONS 
	Ethical approval:
	Conflict of interest

	FUNDING
	ACKNOWLEDGMENTS
	REFERENCES


