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Objective: To assess the effects of initial retinal volume (RV) on visual acuity (VA) after 
intravitreal bevacizumab treatment for diabetic macular edema (DME).

Methods: The data of 28 eyes of 19 patients treated with bevacizumab for clinically signifi-
cant diabetic macular edema were retrospectively evaluated in this study. The association 
of visual acuity and letter gain with initial retinal volüme (RV) and central retinal thickness 
(CRT) after one year of treatment were evaluated.

Results: Baseline VA was 58.9±11.9 letters; CRT was 564.2±125.1 µm and baseline RV 
was 12.4±2.3 mm3. At 12 months; VA was 67.4±11.6 letter; CRT was 410.2±124.2 µm 
and RV was 10.6±2.2 mm3 (p=0.001, p<0.001 and p<0.001, respectively). Following 9.7±2.3 
injections, the mean VA gain at month 12 was +8.5 letters. Visual acuity after one year of 
treatment was correlated with baseline RV and baseline VA (r=-0.542 p=0.003 and r=0.485 
p=0.009, respectively). The letters gain was correlated only with the baseline VA (r=-0.528, 
p=0.004). A multiple regression analysis was performed to investigate the relationship be-
tween the baseline VA, RV, CRT, serous macular detachment, age, the number of the injec-
tions, and letter gain and final VA. The factors significantly affecting the letters gain and final 
VA were baseline VA and baseline RV (p<0.001).

Conclusion: Baseline retinal volume seems to be an important factor predicting the re-
sponse to anti-VEGF treatment in DME. Such objective and quantitative data would allow 
us to be more certain when discussing prognosis, treatment and monitoring strategies. Pre-
sumed prognostic factors as: macular ischemia, vitreoretinal interface abnormalities, cystoid 
degeneration and hard exudates should also be considered.
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INTRODUCTION

Diabetic retinopathy (DR) is an entity of microangiopathy 
that arises from chronic hyperglycemia. Diabetic retinopa-
thy has been shown to be associated with various vascular, 
inflammatory, and neuronal factors.[1] Uncontrolled hyper-
glycemia, duration of diabetes, puberty, pregnancy, systemic 
hypertension, high serum lipid levels and obesity are among 
the important risk factors for the development of DR.[1,2] 
Diabetic macular edema (DME) causes visual loss with 
various complications, such as vitreous hemorrhage, reti-
nal detachment, neovascular glaucoma.[3] Diabetic macular 
edema is the most common cause of visual function loss in 
patients with diabetes.[4] Approximately 14% of patients de-
velop DME, and the 10-year incidence of DME in patients 
with newly developed type II diabetes is calculated as 20%.

Chronic hyperglycemia predisposes to the development 
of DME with the impacts of factors as free oxygen rad-

icals, advanced glycation end products, protein kinase C. 
These factors may cause an increase in vascular endothelial 
growth factors (VEGFs) which contribute to the disruption 
of the blood-retina barrier. Recent studies have shown that 
VEGFs play an important role in the pathogenesis of DME.
[1] Anti-VEGF agents have also been proven to be superior 
to focal / grid laser treatment in randomized controlled tri-
als.[10–13] A humanized monoclonal antibody, bevacizumab 
(Avastin), has the ability to inhibit all VEGF isoforms and 
has been widely used in the treatment of DME.[13]

Optical coherence tomography (OCT) provides an in vivo 
sectional view from tissues thanks to its high resolution. 
OCT has recently become the standard method in the di-
agnosis and follow-up of different macular pathology. With 
spectral-domain OCT, the retina volume in circles with 
diameters of 1 mm, 3 mm and 6 mm can be automatically 
evaluated. In diabetic macular edema, the clinical picture 
covers a broad spectrum of morphological findings, and 

Original Article

Department of Ophthalmology, 
Istanbul Retina Institute,

İstanbul, Turkey

Correspondence: Mümin Hocaoğlu,
İstanbul Retina Enstitüsü, Hakkı 

Yeten Cad., Unimedcenter, No: 19/7, 
34349 Şişli, İstanbul, Turkey

Submitted: 13.06.2019
Accepted: 19.11.2019

E-mail:
mumin.hocaoglu@hotmail.com

Keywords: Bevacizumab; 
diabetic macular edema; 

diabetic retinopathy; macular 
thickness; optical coherence 
tomography; retinal volume.

This work is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.

https://orcid.org/0000-0002-8081-0032
https://orcid.org/0000-0002-2336-0696
https://orcid.org/0000-0001-5561-3339


the response to anti-VEGF therapy varies on an individ-
ual basis. The relationship between the initial anatomical 
features and the functional gain obtained after anti-VEGF 
treatment was a matter of curiosity. It has been suggested 
that initial central retinal thickness (CRT) may be an im-
portant prognostic factor in determining the response to 
treatment.[14]

In this study, we aimed to investigate the relationship be-
tween baseline retinal volume (RV) and baseline CRT and 
visual acuity (VA) and letter gain (LG) at the end of one 
year in patients receiving bevacizumab treatment in the 
light of real-life data. 

MATERIALS AND METHODS

Twenty-eyes of 19 patients who were injected intravitreal 
0.05 mL (1.25 mg) bevacizumab (Avastin®; Genentech, 
Inc., South San Francisco, CA) with the indication of DME 
between April 2013 and April 2017 were retrospectively 
analyzed. The study protocol was prepared in accordance 
with the Helsinki declaration and was approved by the 
ethics committee (date: 31.05.2019, no: 2019/002). Writ-
ten informed consent was obtained from the participants 
before the treatment.

Age, gender, intraocular pressure, refractive error, cor-
rected VA, the number of the injections and macular SD-
OCT scans were obtained from the medical records of 
the patients. Visual acuity measurements were performed 
under ambient conditions standardized with the ETDRS 
chart. VA values obtained with the ETDRS chart were 
converted to a logMAR unit for statistical analysis. Spec-
tral Domain (SD) -OCT (Spectralis, Heidelberg Engineer-
ing, Heidelberg, Germany) was used for optical coherence 
tomography shots. The macula was scanned by taking 49 
sections (512 A-scan) in 20° × 20° area at 120 μm inter-
vals. The shooting was done by the same technician who 
had experience on the subject. With Spectralis software, 
RV in a 6 -mm diameter circle and SRK in 1 mm -diame-
ter circle were determined automatically. The test results 
were evaluated by two experienced clinicians.

DME cases with baseline visual acuities between 20/400-
20/40 (20–70 letters) and central macular thickness >300 
µm in SD-OCT were included in this study. At least six 
consecutive injections were applied at the beginning of the 
treatment until visual stabilization was achieved. When the 
activation findings, such as decreased visual acuity and/or 
increased retinal fluid, were observed during the follow-

up period, re-treatment was applied. Intravitreal injections 
were applied in office conditions. Prophylactic topical an-
tibiotic use after injection was not recommended.

Patients with epiretinal membrane, vitreoretinal traction, 
diffuse cystoid degeneration and subretinal fibrosis, prolif-
erative diabetic retinopathy, cataracts, uveitis, glaucoma, 
degenerative myopia, ocular trauma, other retinal vascu-
lar, and optic nerve pathologies as determined based on 
optical coherence tomography examination, and patients 
with a history of ocular surgery (other than uncompli-
cated cataract surgery) is accompanied by, as well as oc-
ular surgery (other than uncomplicated cataract surgery) 
were excluded from this study. Patients who underwent 
laser treatment and intravitreal corticosteroid injection 
before and after intravitreal bevacizumab treatment were 
also excluded. 

SPSS version 15 was used for statistical analysis. The linear 
relationship between the two variables was evaluated by 
Pearson correlation analysis. Comparison of patient findings 
at baseline and one year after treatment was performed 
with paired t-test. The factors affecting the letter gain and 
final VA were evaluated by multivariate linear regression 
analysis. P<0.05 was considered statistically significant.

RESULTS

Twenty-eight eyes of 19 patients were included in this 
study. The mean age of the patients participating in this 
study was 61.6±7.2 (49–74) years. Seven patients (37%) 
were female and 12 patients (63%) were male. Twenty 
eyes were phakic (72%) and eight ( 28%) eyes were pseu-
dophakic. Significant differences were detected between 
baseline VA [58.9±11.9 letters (35–75), CRT [564.2±125.1 
µm (339–811)], RV [12.4±2.3 mm3 (8.9–16.6)], and the fi-
nal VA [67.4±11.6 letters (40–84)], CRT [410.2±124.2 µm 
(235–672)], RV [10.6±2.2 mm3 (7.06–16.19)] (p=0.001, 
p<0.001 and p<0.001, respectively) (Table 1). The mean 
number of the injections was calculated as 9.7±2.3 (6–13). 
At the end of one year, an average increase of +8.5 letters 
was obtained. When compared with baseline, 29% of eyes 
gained ≥15 ETDRS letters. 

Correlations were found between final VA, and baseline 
values of RV and VA (r=-0.542 p=0.003, r=0.485 p=0.009, 
respectively). Letter gain, however, was found to be cor-
related with only baseline VA (r=-0.528, p=0.004). Multi-
ple regression analysis evaluated the relationship between 
baseline VA, RV, CRT, presence of serous macular detach-

Table 1.	 Comparison between baseline, and postoperative first-year values 

Parameter	 Baseline	 12. month	 p

VA±SD, letter gain (range)	 58.9±11.9 (35–75)	 67.4±11.6 (40–84)	 =0.001
CRT±SD, μm (range)	 564.2±125.1 (339–811)	 410.2±124.2 (235–672)	 <0.001
RV±SD, mm3 (range)	 12.4±2.3 (8.9–16.6)	 10.6±2.2 (7.06–16.19)	 <0.001

VA: Visual acuity; RV: Retina volume; CRT: Central retina thickness; SD: Standard deviation; p: Statistical significance.
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ment, age and number of the injections, letter gain, and 
final VA. Factors affecting letter gain and final VA were 
found as baseline VA and RV (Table 2). While a positive 
relationship was observed between the final VA, baseline 
VA, a negative relationship was determined between the 
final VA and the baseline RV. In addition, there was a sig-
nificant negative correlation was observed between letter 
gain and baseline VA and baseline RV (Table 2).

DISCUSSION

Today, anti-VEGF agents are widely used in the treatment 
of DME and have been shown in randomized controlled 
trials to reduce the loss of visual function.[8,9,15–18] Although 
effective results have been obtained with the administra-
tion of anti-VEGF in these cases, visual gains differ among 
patients. Determining the factors affecting the treatment 
response in advance provides benefits to the clinician’s de-
termination of prognosis and treatment planning process 
and increases the patient’s compliance with the treatment.

Good and bad prognostic factors were investigated in 
post-hoc analysis of randomized controlled trials.[8,9,15–18] 
Increased baseline VA was found as good, decreased base-
line VA, foveal atrophy and foveal pigmentation as poor 
prognostic factors in the post-hoc analysis of the READ 
(Ranibizumab for Edema of the Macula in Diabetes) 
study. In the post-hoc analysis of RIDE/RISE (A Study of 
Ranibizumab Injection in Subjects with Clinically Significant 
Macular Edema with Center Involvement Secondary to Di-
abetes Mellitus), also increased baseline VA was detected 
as good and decreased baseline VA and history of panreti-
nal photocoagulation as poor prognostic factors.

In the RESTORE (Ranibizumab Monotherapy or Com-
bined with Laser versus Laser Monotherapy for Diabetic 
Macular Edema) study, it was observed that there were 
more letter gains in patients with short-term diabetes and 
DME history, and lower VA values.[17] In the DRCR.net 
Protocol I study, younger age, mild diabetic retinopathy at 
baseline, duration of diabetes less than 15 years, absence 
of epiretinal membranes, a significant decrease in CRT in 
the first year of treatment, and decreased baseline VA 
were associated with increased letter gain.[18]

In our study, a positive correlation was found between the 
final and baseline VA values in line with previous studies.
[15,16] At the same time, the letter gain was inversely corre-
lated with the baseline VA as in other studies.[17,18]

This finding can be explained by the ceiling effect phenom-
enon. In addition to previous studies, a negative correla-
tion was found between the baseline RV and the final VA. 
In addition, in the multiple regression analysis, the factors 
affecting the final VA and letter gain were determined as 
baseline VA and RV. The increased baseline RV in the cen-
tral area of 6 mm in diameter shows that the disease is 
very severe, and widespread and suggests that it may be a 
more important prognostic factor in terms of visual prog-
nosis compared to CRT.

The main limitations of our study include its single-cen-
tered and retrospective design performed with a limited 
number of cases and a short follow-up period. On the 
other hand, because we provided real-life data, this adds 
value to our study.

Interestingly, the average the number of the injections we 
applied in the 1st year is higher than the number of the in-
jections (average seven injections) applied in clinical stud-
ies, such as BOLT and RESTORE.

As a result, it was found that decreased RV in DME cases 
caused better visual results after the anti-VEGF treatment. 
With the use of optical coherence tomography, objective 
and quantitative evaluation of the structural changes of 
the macula can be provided in such patients and visual 
prognosis can be guiding concerning planning the treat-
ment and follow-up strategy. Our results should be sup-
ported by a larger patient series with longer follow-up. In 
the evaluation of these cases, potential prognostic factors, 
such as macular ischemia, vitreoretinal interface patholo-
gies, cystoid degeneration and presence of hard exudate, 
that may affect the treatment response should be taken 
into consideration.
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Amaç: Diyabetik maküla ödemi (DMÖ) nedeniyle intravitreal bevacizumab tedavisi uygulanan hastalarda başlangıç retina hacminin son gör-
me keskinliği (GK) ve harf kazanımı (HK) ile ilişkisini araştırmak.

Gereç ve Yöntem: Klinik olarak anlamlı DMÖ nedeniyle intravitreal bevacizumab enjeksiyonu yapılan 19 hastanın 28 gözü geriye dönük 
olarak incelendi. Spektral-domain optik koherens tomografi (SD-OKT) ile ölçülen başlangıç retina hacmi (RH) ve santral retinal kalınlığının 
(SRK) bir yıl sonundaki GK ve harf kazanımı ile ilişkisi incelendi. 

Bulgular: Başlangıç GK 58.9±11.9 harf, SRK 564.2±125.1 µm ve başlangıç RH 12.4±2.3 mm3 iken final GK 67.4±11.6 harf, SRK 410.2±124.2 
µm ve final RH 10.6±2.2 mm3 idi (sırasıyala, p=0.001, p<0.001, p<0.001). Ortalama 9.7±2.3 enjeksiyon sonrasında birinci yılda ortalama +8.5 
harf kazanımı sağlandı. Final GK ile başlangıç RH ve başlangıç GK korale bulundu (sırasıyla; r=-0.542 p=0.003 ve r=0.485 p=0.009). Harf 
kazanımı ise sadece başlangıç GK ile korale bulundu (r=-0.528, p=0.004). Çoklu regresyon analizi sonrasında harf kazanımı ve final GK’ye etki 
eden faktörlerin başlangıç GK ve başlangıç RH olduğunu bulundu (p<0.001).

Sonuç: Diyabetik maküla ödeminde başlangıç RH’nin intravitreal anti-VEGF tedavisi yanıtının belirlenmesinde SRK’dan daha anlamlı bir faktör 
olduğunu görülmüştür. Objektif ve kantitatif bilgi sağlayan bu gibi veriler görsel prognoz tayini, tedavi ve takip stratejisinin planlanması açısın-
dan yol gösterici olabilir. Tedavi yanıtını etkileyebilen, olası prognostik faktörler: maküla iskemisi ve vitreoretinal arayüz patolojileri, kistoid 
dejenerasyon, sert eksuda varlığı gibi morfolojik özellikler de göz önünde bulundurulmalıdır.

Anahtar Sözcükler: Bevacizumab; diyabetik maküla ödemi; diyabetik retinopati; maküla kalınlığı; optik koherens tomografi; retina hacmi.
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