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Abstract

Purpose: To evaluate the influence of severity of diabetic macular edema (DME) in restoration of retinal 
photoreceptor ellipsoid zone (EZ) on spectral domain optical coherence tomography (SD-OCT),after intravitreal 
bevacizumab therapy (IVB), in patients without chronic kidney disease (CKD).

Materials and Methods: Consecutive cases of type 2 diabetes mellitus (n=44), having EZ disruption on SD-
OCT,between the ages of 40 and 65 years, were included. Cases with CKD were excluded.The cases were divided 
into six different clusters based on their macular thickness (central subfoveal thickness, CST); Cluster 1:250-
300µm,Cluster 2:301-350µm, Cluster 3:351-400µm, Cluster 4:401-450µm, Cluster 5:451-500µm and Cluster 
6:501-550µm. EZ disruption was graded on SD-OCT as following:  Grade 0,Intact EZ ; Grade 1, Focal disruption 
(localized subfoveal involvement); Grade 2,Global disruption (generalized involvement within macular cube).
Pretreatment CST was correlated with restoration of EZ, after three doses of IVB therapy on monthly basis. Data 
was analyzed statistically.

Results: Decrease in logMAR VA was significant after IVB regimen from pre-treatment level of 1.78±0.07 
to 0.42±0.05post intervention (p<0.001). Similarly, CST decreased significantly from pre-treatment level 
of 354.23±15.0 to 233.18±7.88 post intervention (p<0.001). EZ restoration in each cluster was found to be 
independent of the initial CST (p>0.05).

Conclusions: Intravitreal bevacizumab regimen is associatedwith restoration of EZ, which is independent of 
pretreatment CST on SD-OCT, in cases of DME without CKD.
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Introduction
Ninety three million people are affected with diabetic 
retinopathy (DR). Among them, 21 million have 
treatable form of diabetic macula edema (DME) [1].
Overall prevalence of DME in  patients with DR is 11 
% - 21% [1-3].

Increase inVascular ndothelial growth factor(VEGF) 
has been found to be associated with increased central 
subfoveal thickness(CST) and retinal photoreceptor 
ellipsoid zone (EZ) disruption on spectral domain 
optical coherence tomography (SD-OCT)[4, 5].Central 
foveal thickness is significantly correlated with best-
corrected visual acuity (BCVA) in healthy and diabetic 
eyes [6-8]. Macular thickening can be suspected if 
foveal thickness is greater than 252 μm and macular 
thinning can be suspected if foveal thickness is less 
than 172 μm on SD-OCT[6, 9, 10]. The median central 
subfoveal thickness cut-off  selected for defining 
patients of DME and for data extraction has been 
observed to be 250 µm[10, 11].

Vascular endothelial growth factor (VEGF) is a 
biomolecule which is secreted from retinal pigment 
epithelial cells, pericytes, astrocytes,glial cells and 
endothelial cells which is part of a subfamily of growth 
factors, functioning as signaling proteins, and involved 
in angiogenesis[12]. The balance between VEGF and 
angiogenic inhibitors determines angiogenesis and 
proliferation in DR[13].

Our earlier work demonstrated that serum VEGF levels 
correlate with the severity of DR, increase in macular 
thickness and retinal photoreceptor EZ disruption[4].
Several publications in literatures highlighted that 
VEGF levels correlated significantly with DR[14, 15].

Anti-VEGF agents have been found to have beneficial 
effect in the management of DME. Many clinical trials 
have shown that intravitreal bevacizumab (IVB) 
administration is associated with decrease in CST and 
improvement in visual acuity (VA)[16-21]. Mori et al 
showed restoration of the foveal photoreceptors after 
administration of intravitreal ranibizumab injections 
to treat DME[22].

A tertiary care center-based, prospective, 
interventional study was undertaken to determine 
if the severity of DME, determined by CST on SD-
OCT,influences the restoration of EZ after sequential 
IVB therapy for the first time.

Materials and Methods
The authors confirm adherence to the tenets of the 
Declaration of Helsinki. The study was undertaken 
after approval by Institutional Ethics Committee of 
King George’s Medical University, Lucknow, Indiaand a 
written informed voluntary consent from all the study 
subjects. This study was registered with Clinical 
Trial Registry of India(CTRI) bearing registration 
number: CTRI/2019/03/018135.

Patients
A total of 44 consecutive patients of Type 2 diabetes 
mellitus (DM), having DME between age group of 40-
65 and having EZ disruption were included.  Patients 
who did not give consent or had any other ocular or 
systemic disease affecting retinal vasculature and 
who received previous intravitreal injections, surgical 
or laser interventions or having renal dysfunction like 
chronic kidney disease (CKD)were excluded from the 
study. 

Data Collection
Patient age and gender were documented. All study 
subjects underwent detailed fundus evaluation using 
slit lamp biomicroscopy, indirect ophthalmoscopy, 
fluorescein angiography and spectral domain optical 
coherence tomography(SD-OCT) examination and the 
baseline data was recorded. The outcome measures 
of the study were VA and OCT parameter (CST).The 
cases were divided into six different clusters based 
on their macular thickness (CST in µm); Cluster 
1:250-300µm,Cluster 2:301-350µm, Cluster 3:351-
400µm, Cluster 4:401-450µm, Cluster 5:451-500µm 
and Cluster 6:501-550µm. The outcome measures 
were assessed at pre-treatment (baseline) and post-
treatment (after third dose IVB). VA was measured 
in logMAR using logMAR chart. SD-OCT parameter, 
CST, was assessed in micrometer (μm). In cases with 
bilateral involvement, eye with more severe DME 
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was included. The patients were administered three 
doses of IVB (1.25 mg in 0.05 mL) in the affected eye 
at monthly intervals.

Spectral domain optical coherence tomography.The 
Cirrus HD-OCT (Carl Zeiss Meditech, Inc., CA, U.S.A.) 
was used to acquire a macular cube (128 ×512) and 
horizontal and vertical 5-line raster scans centered on 
the fovea. 

Image Interpretation
The baseline SD-OCT image of each patient was 
compared with subsequent OCT image after injections 
and CST values and EZ disruption were noted. 

The EZ, was defined as the second hyper-reflective 
band which clinically represents the retinal 
photoreceptor integrity[4, 22, 23]. EZ disruption was 
graded as  Grade 0: Intact EZ, Grade 1: Focal disruption 
(Photoreceptor ellipsoid zone disruption indicating 
localized subfoveal involvement),Grade 2:Global 
disruption (Photoreceptor ellipsoid zone disruption 
indicating generalized involvement within macular 
cube) [23]. Data was collected at monthly intervals 
with analysis of pre- and post intervention data after 
three doses of  IVB.

Analyses were performed on SPSS software (Windows 
version 17.0). Categorical groups were compared by 
chi-square (χ2) test. Pearson correlation analysis was 
done to assess association between the variables. A 
two-tailed (α=2) p<0.05 was considered statistically 
significant.

Results and Discussion
The demographic characteristics of patients are 
summarized in Table 1.The subjects were divided into 
six different clusters based on their macular thickness 
(CST). Grades of EZ disruption, before and after 
intervention, were noted and analyzed in each cluster 
as depicted in Table 2. It was observed that restoration 
of EZ was independent of the initial macular thickness 
and the percentage restoration of EZ in each cluster 
was statistically insignificant (p>0.05) (Fig. 1).

Mean logMAR VA decreased significantly after 
IVB regimen from 1.78±0.07 at baseline to 
0.42±0.05(p<0.001), depicted in Table 3. Similar 
trend was observed in CST which decreased 
significantly from pre-treatment level of 354.23±15.0 

to 233.18±7.88 post intervention (p<0.001), depicted 
in Table 4.

Vascular endothelial growth factor (VEGF) is a part of 
a subfamily of growth factors, functioning as signaling 
proteins, and involved in angiogenesis[12].VEGF 
induces retinal intercellular adhesion molecule-1 
(ICAM-1) expression leading to early blood retinal 
barrier (BRB)breakdown, capillary non-perfusion, 
and endothelial cell injury and death[24].

In our earlier study, serum levels of VEGF were 
observed to increase significantly with an increase 
in CST due to breakdown of BRB. The levels of VEGF 
were also found to correlate with grades of disruption 
of EZ[4]. The amount and duration of VEGF exposure 
required for blood-retina barrier breakdown 
have been found to be less than that required for 
neovascularization[25]. Also in our another study, an 
increase in CST was found to be associated with an 
increase inEZ disruption, thus acting as a bioimaging 
biomarker for EZ disruption in DR[26]. Hence, an 
increase in CST and EZ disruption is indicative of an 
increase in VEGF activity in DME.

Several studies have demonstrated significant 
reduction of CST in patients of DME after anti-VEGF 
therapy[22, 27-29]. Anti-VEGF administration has 
been shown to be associated with restoration of foveal 
photoreceptors and EZ[21]. In the present study, we 
also observed that CST decreased and EZ was restored 
significantly after three injections of  IVB in all the 
clusters. However, percentage of restoration of EZ was 
found to be independent of the pre-interventional CST 
values.

In our earlier study we had demonstrated that 
serum urea and creatinine act as surrogate markers 
for disruption of EZ in DR[30]. Thus, in our present 
study we had excluded patients of CKD as it acts as a 
confounding  factor. 

In the present study,clusters were indicative of high 
VEGF activity resulting in increased CST in DME.
However, standard sequential-dose IVB regimen 
sufficed in decreasing CST, restoring EZ and improving 
VA. Absence of CKD provides a plausible explanation 
about increase in percentage of restoration of EZ after 
IVB.Pre-intervention CST values had no bearing on 
the restoration of EZ in this study.
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Table 3. LogMARVA (Mean ± SE, n=44) of patients over the course of interventions

Period VA
Baseline 1.78 ± 0.07

After 1st dose 1.09 ± 0.05
After 2nd dose 0.74 ± 0.04
After 3rd dose 0.42 ± 0.05

Table 4. CST (Mean ± SE, n=44) of patients over the periods

Period CST (in µm)
Baseline 354.23 ± 15.00

After 1st dose 303.43 ± 11.04
After 2nd dose 278.52 ± 8.72

After 3rd dose 233.18 ± 7.88

Severity of Diabetic Macular Edema does not influence Restoration of Retinal Photoreceptor Ellipsoid 
Zone after Intravitreal Bevacizumab Therapy

Variables Mean ±SD
Age (years)
Sex:
Female
Male

HbA1c (%)
Fasting blood sugar (mg/dl)
Post-prandial blood sugar (mg/dl)
Serum urea (mg/dl)
Serum creatinine (mg/dl)

54.36±0.80
20
24

6.10 ± 0.06

89.00 ± 1.48
128.50 ± 1.84

30.38±1.23
1.50 ± 0.04

Table 1. Demographic characteristics (Mean ± SE) of patients (n=44)

Table 2. Frequency distribution of EZ grade over various clusters of CST after intervention

Clusters CST Range
(in microns) Total Patients Baseline (in %) After 3rd dose (in %)

1 250-300 7

No disruption=0 (0.0)
Focal disruption=6 (85.7)
Global disruption=1(14.3)

No disruption=5 (71.5)
Focal disruption=2 (28.5)
Global disruption=0 (0.0)

2 301-350 8
No disruption=0 (0.0)
Focal disruption=1 (12.5)
Global disruption=7 (87.5)

 No disruption=6 (75.0)
Focal disruption=1 (12.5)
Global disruption=1 (12.5)

3 351-400 4
No disruption=0 (0.0)
Focal disruption=0 (0.0)
Global disruption=4 (100.0)

No disruption=3 (75.0)
Focal disruption=1 (25.0)
Global disruption=0 (0.0)

4 401-450 4
No disruption=0 (0.0)
Focal disruption=1 (25.0)
Global disruption=3 (75.0)

No disruption=4 (100.0)
Focal disruption=0 (0.0)
Global disruption=0 (0.0)

5 451-500 4
No disruption=0 (0.0)
Focal disruption=2 (50.0)
Global disruption=2 (50.0)

No disruption=3 (75.0)
Focal disruption=1 (25.0)
Global disruption=0  (0.0)

6 501-550 17
No disruption=0 (0.0)
Focal disruption=1 (5.8)
Global disruption=16 (94.2)

No disruption=13 (76.4)
Focal disruption=3 (17.7)
Global disruption=1 (5.8)
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Conclusions
Intravitreal bevacizumab therapy restores retinal 
photoreceptor EZ, independent of initial macular 
thickness, in DME without CKD.
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