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Abstract
Purpose To assess and compare early changes in neuroinflammatory and vascular parameters in diabetic macular edema 
(DME) with subfoveal neuroretinal detachment (SND) after treatment with intravitreal dexamethasone (DEX-I) and ranibi-
zumab (IVR).
Methods Thirty-three eyes (33 patients) with treatment naïve DME with SND were retrospectively evaluated at baseline and 
2 months after DEX-I (15 eyes) and 1 month after 3 monthly IVR injections (18 eyes). Inclusion criteria were: complete eye 
examination, good quality OCT and OCT-A images. OCT parameters included: central macular thickness (CMT); number of 
hyper-reflective retinal spots (HRS) in inner, outer (IR, OR) and full retina; choroidal thickness (CT), extent of disorganiza-
tion of inner retinal layers (DRIL), outer retina integrity (OR). On OCT-A: foveal avascular zone (FAZ) parameters in the 
superficial capillary plexus (SCP); cysts area and perfusion density (PD) in SCP and deep capillary plexus (DCP) and flow 
voids (FV) in choriocapillaris. FAZ was analyzed using ImageJ, perfusion parameters and FV using MATLAB.
Results BCVA increased equally after both treatments (13.0 ± 10.0 ETDRS letters, p < 0.0001). There was a similar decrease 
(p < 0.05) in: height of SND, cysts area at SCP, central and mean CT, increase in FAZ perimeter and OR integrity, after 
both treatments. A greater decrease in DEX-I versus IVR group was found in: CMT (− 38.7% vs. − 22.2%, p = 0.012), HRS 
number in IR (− 29.2% vs. − 14.0%, p = 0.05) and full retina (− 24.7% vs. − 8.0%, p = 0.03), DRIL extension (− 62.0% vs. 
− 24%, p = 0.008), cysts area at DCP (− 68.7% vs. − 26.1%, p = 0.03), FAZ-CI (− 19.1% vs. − 8.3%, p = 0.02), PD at DCP 
(− 27.5%  vs. + 4.9%, p = 0.02). FV did not change.
Conclusions More pronounced changes in specific inflammatory parameters in the inner retina are documented after steroid 
versus anti-VEGF treatment. These include reduction in HRS number, DRIL extension, CMT, cysts area at DCP. These data 
may help in further study of noninvasive imaging biomarkers for better evaluation of treatment response.
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Introduction

Diabetic macular edema (DME) with subfoveal neuro-
retinal detachment (SND) is a distinct pattern of DME, 
present in 15–30% of DME cases, and easily detected on 
optical coherence tomography (OCT) [1–3]. DME with 
SND has been associated with major local (ocular) inflam-
matory condition including higher levels of IL-6 in the 
vitreous and increased number of hyper-reflective retinal 
spots (HRS), considered as signs of activated microglial 
cells in the retina [1, 4, 5]. In fact, SND and HRS have 
been recently proposed as noninvasive OCT-imaging bio-
markers of retinal inflammation in DME/DR [6–10]. Sev-
eral studies have evaluated the association between the 
presence of these inflammatory biomarkers and response 
to intravitreal anti-VEGF and steroid treatment [4, 11, 
12]. Moreover, DME with SND has been associated with 
decreased retinal sensitivity, increased choroidal thickness 
and disrupted external limiting membrane (ELM) [2, 5].

OCT angiography (OCT-A) has been recently used for 
noninvasive evaluation of macular and peripapillary cap-
illary network alterations in DR [13–16]. However, there 
are limited data in the literature on its use in patients with 
DME [17–20]. This is due to the fact that in DME, OCT-A 
may be difficult to interpret due to the presence of artifacts 
determined by intraretinal cystoid spaces, which can dis-
place retinal vessels and impact the evaluation of areas of 
reduced/non-perfusion [21]. Therefore in DME, the sig-
nificance of OCT-A remains at least questionable and still 
not understood. Thus, there is a need to evaluate more in 
detail and develop new methods for evaluation of OCT-A 
images, by possibly excluding areas causing the artifacts.

The purpose of this study was to assess and compare 
early changes in neuroinflammatory and vascular param-
eters in DME with SND after treatment with intravitreal 
dexamethasone implant (DEX-I) and ranibizumab (IVR) 
by means of swept-source OCT (SS-OCT) and OCT-A 
(SS-OCT-A), after removing the artifacts.

Materials and methods

Population and study design

One hundred and fifty patients with previously treatment 
naïve center-involving DME were retrospectively evalu-
ated, of which 33 eyes (33 patients) with DME & SND were 
included in the study. All eyes were treated with either single 
DEX-I 0.7 mg (Ozurdex, Allergan, Inc., Irvine, California, 
USA) or 3 monthly IVR 0.5 mg (Lucentis, Novartis, Genen-
tech, San Francisco, USA) at the Medical Retina Service, 

University Hospital Maggiore della Carità, Novara, Italy, 
between October 2017 and December 2018. Re-evaluation 
after treatment was scheduled (as per usual clinical practice) 
2 months after DEX-I and 1 month after completing the 
loading dose with 3 monthly IVR injections.

Inclusion criteria were: male or female > 18 years of age 
with previously treatment naive center-involving DME & 
SND and central macular thickness (CMT) ≥ 300 μm; com-
plete and good quality imaging both at baseline and after 
treatment. Exclusion criteria were: any retinal disease other 
than DME & SND; positive history for any retinal treatment; 
cataract surgery within 6 months; uncontrolled glaucoma or 
ocular hypertension (IOP > 21 mmHg); neurodegenerative 
diseases (e.g., multiple sclerosis, Alzheimer disease, Par-
kinson disease, etc.).

Documented anamnestic data were recorded for each 
patient, including type of DM, value of glycated hemo-
globin (HbA1c), use of antidiabetic and antihypertensive 
agents, previous ocular surgery. All included patients had 
a complete eye examination with best-corrected visual acu-
ity (BCVA) determination using standard Early Treatment 
Diabetic Retinopathy Study (ETDRS) protocol at 4 meters 
distance, IOP determination, and good quality color fundus 
photography, SS-OCT and SS-OCT-A images.

The study adhered to the tenets of the Declaration of Hel-
sinki and was approved by the institutional Ethics Commit-
tee (CE 123-2017); signed informed consent was obtained 
from all patients.

Imaging

SS-OCT and SS-OCT-A images were taken using DRI SS-
OCT Triton plus (Topcon Medical Systems Europe, Milano, 
Italy). The following scans were acquired: a 6-mm radial 
OCT scan (consisting of 12 scans 15° apart) centered on the 
fovea, a single 6-mm high-definition B-scan at 0° and 90° 
and a 3-dimensional 3 × 3 mm OCT-A map of the macula.

OCT parameters

The following pre- and post-treatment quantitative measure-
ments were recorded from the instrument automatic segmen-
tation of OCT scans (software version 10.07.003.03): central 
macular thickness (CMT) measured within 1 central mm 
including also the SND; central choroidal thickness (CCT) 
measured within 1 central mm; mean choroidal thickness 
(CT_ave) obtained as mean of CT values measured in the 
inner (500 μm from the fovea) and outer (1500 μm from 
the fovea) nasal and temporal subfields of the automatically 
generated ETDRS grid. The height of SND in the fovea was 
manually measured using the caliper tool implemented in 
the instrument.
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The following parameters were also evaluated: total num-
ber of HRS (HRS_tot), number of HRS in the inner retina 
(HRS_IR) and in the outer retina (HRS_OR) (calculated 
within a 3-mm area centered on the fovea); presence and 
extension of disorganization of retinal inner layers (DRIL) 
within a 1-mm area centered on the fovea [22] integrity of 
the outer retina, considering both the external limiting mem-
brane (ELM) and the inner segment–outer segment (IS-OS) 
line, within a 1-mm area centered on the fovea (Figure 1).

OCT‑A parameters

The following pre- and post-treatment quantitative param-
eters were evaluated on OCT-A 3 × 3 mm slabs: perimeter, 
area and circularity index (CI) of the foveal avascular zone 
(FAZ) at the superficial capillary plexus (SCP); cysts area at 
the level of SCP and deep capillary plexus (DCP); perfusion 
density (PD) at the SCP and DCP; vessel diameter index 
(VDI) at the SCP and DCP; choriocapillaris flow voids (CC 
FV). All OCT-A images were carefully reviewed to check 
automatic segmentations of the SCP, DCP and CC. In case 
of errors, manual correction was performed.

FAZ parameters were analyzed importing images of 
the SCP with their original resolution of 320 × 320 pixels 
in ImageJ software, version 1.51 (http://image j.nih.gov/ij/; 
provided in the public domain by the National Institutes of 
Health, Bethesda, MD, USA). The FAZ profile was manu-
ally outlined using the freehand selections tool with a previ-
ously published method [21] and the software automatically 
calculated FAZ perimeter and area. FAZ-CI was then meas-
ured using the following equation: FAZ-CI = (4π × area)/
perimeter. CI is the expression of the regularity of a shape: 
the more its value is closer to 1, the more the shape is simi-
lar to a perfect circle. All evaluations of FAZ parameters 
were limited to the SCP in order to minimize errors in 

delineating FAZ at DCP due to the presence of large retinal 
cysts (at least at the baseline evaluation) that could mask 
FAZ margins.

The area of the cysts was computed from the en-face 
images of the SCP and DCP with a method aimed at iso-
lating the contour of the cysts from the surroundings. The 
analysis was performed using MATLAB image processing 
toolbox and custom scripts (version 2017b, MathWorks, 
Natick, MA). The first step consisted in applying a Gauss-
ian filter to each en-face image, in order to reduce the noise. 
Then, the image was binarized with a threshold of 30% of 
the maximum brightness. The threshold of 30% was chosen 
after evaluating and comparing cysts darkness in different 
images and defining the threshold to discriminate between 
cysts and surroundings. However, even after binarization 
process, some noise in the form of dark and isolated points 
was still present (due to some dark and isolated pixels pre-
sent in the original image) that, if not eliminated, would 
affect the final computation of cysts area evaluated by the 
algorithm (the measured area would be greater than the 
real one). For this reason, after binarization, the image was 
dilated with respect to a structuring element, which in this 
case was a white square of 2 × 2 pixels [23].

This equation, denoted with ⊕ , can be written as:

where A is the binary image, B is the structuring element, 
and DB is the domain of B. The area of the cysts was then 
computed by counting the number of black pixels of this 
final dilated image. This number was multiplied by the spa-
tial area of a single pixel, and a final area expressed in μm2 
was obtained (Figure 2).

Perfusion density was evaluated at the SCP and DCP 
using MATLAB [24]. The first step consisted in removing 
artifacts due to the presence of cysts in the corresponding 

(A⊕ B)(x, y) = max
{

A
(

x − x�
)(

y − y�
)

∨
(

x�, y�
)

∈ DB

}

Fig. 1  Baseline horizontal optical coherence tomography (OCT) 
image of the left eye of a patient with diabetic macular edema and 
subfoveal neuroretinal detachment showing evaluated parameters. 
From top to bottom: number of hyper-reflective spots (HRS) evalu-
ated within a 3-mm area centered on the fovea; disorganization of 

retinal inner layers (DRIL) and integrity of external limiting mem-
brane/inner segment–outer segment line (ELM/IS-OS line) within a 
1-mm area centered on the fovea; height of the subfoveal neuroretinal 
detachment (SND h); choroidal thickness (CT)

http://imagej.nih.gov/ij/
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retinal layer.The vascularized area, denoted with AreaVASC , 
was computed as:

where i and j are the spatial coordinates of the image, D is 
the domain (i.e., the points not excluded from the computa-
tion), I(i, j) is the intensity at the spatial coordinate (i, j) , and 
Imean is the mean intensity of the image.

Lastly, PD was computed as:

where AreaD is the total area of the domain D.
Binary images of SCP and DCP angiograms obtained 

with MATLAB were then imported into ImageJ software 
and skeletonized in order to quantify vessel length density 
(VLD), the relative value of the total length of the vessels 
and vessel diameter index (VDI) which is a measure of 
the average vessel caliber. VDI was calculated as the ratio 
between the total vessel areas in the binary image by the 
total vessel length in the skeletonized image, as previously 
reported [25].

AreaVASC =
∑

i,j∈D

(

I(i, j) − Imean

)

≥ 0

PD =
AreaVASC

AreaD
× 100

FV computation was performed on CC OCT-A images after 
removing projection artifacts caused by the presence of cysts in 
the overlying retinal layers (in particular, cysts detected in the 
en-face images at DCP level). The final dilated image was used 
as a mask on the CC angiogram in order to evaluate which 
points on the CC angiogram corresponded to cysts detected in 
the DCP en-face image. Points with an intensity above a fixed 
threshold were then excluded from the final computation of 
FV. This threshold was the same used for discriminating FV 
from normally perfused areas in the CC and is related to the 
mean intensity of the image. FV area, denoted with AreaFV , 
was calculated with the following formula:

where i and j are the spatial coordinates of the image, D is 
the domain (i.e., the points not excluded from the computa-
tion), I(i, j) is the intensity at the spatial coordinate (i, j) , and 
Imean is the mean intensity of the image.

Final FV% in the CC was obtained with the following 
formula:

AreaFV =
∑

i,j∈D

(

I(i, j) − Imean

)

< 0

FV =
AreaFV

AreaD
× 100

Fig. 2  MATLAB (version 2017b, MathWorks, Natick, MA, USA) 
imaging processing steps performed to remove artifacts due to the 
presence of cysts in the superficial and deep capillary plexuses 
(SCP, DCP) of 3 × 3  mm angio-cubes using the corresponding en-
face images. a Original DCP en-face image. b En-face DCP image 
after application of a Gaussian filter to reduce the noise. c Binary 

image: binarization was performed using a threshold of 30% of the 
maximum brightness. d Final dilated image: after the binarization, 
the image was dilated with respect to a white square of 2 × 2 pixels 
to cover small groups of black pixels due to noise and exclude them 
from the final computation. e Demarcation of cysts boundaries in the 
original en-face DCP image
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where AreaD is the total area of the domain D.

Statistical analyses

The means of the experimental groups were reported as 
arithmetic mean (standard deviation) for continuous vari-
ables in the text and Tables. Categorical variables were 
reported as experimental percentages.

The means of populations were estimated and reported in 
the figures as least-squares means, which are the best linear 
estimates for the marginal means in the ANOVA design.

The temporal variation of each continuous variable was 
assessed by a repeated measure ANOVA analysis. The 
patient group (according to treatment) was considered as a 
factor, and the interaction between the factor and time was 
studied.

For categorical variables, the percentage of patients 
showing an improvement in time was compared with the 
percentage of patients unchanged or worsened, in the two 
experimental groups. The association between the temporal 
behavior of categorical variables in the two experimental 
groups was assessed by means of Fisher’s exact test for cat-
egorical variables.

Analysis was performed with Statistica version 6.0 (Stat-
Soft Inc., Tulsa, OK, USA) using a two-sided type I error 
rate of p = 0.05.

Results

Of thirty-three eyes (33 patients) with treatment naïve 
DME with SND, 15 underwent DEX-I treatment and 18 
eyes underwent 3 monthly IVR injections. No signifi-
cant differences were found for age (63.3 ± 9.4 years vs. 
63.8 ± 10.9 years, p = 0.89), DM duration (10.5 ± 8.3 years 
vs. 12.7 ± 8.2 years, p = 0.68) and Hba1c values (8.7 ± 2.1% 
(72 mmol/mol) vs. 8.4 ± 1.9%, (68 mmol/mol) p = 0.07) 
between DEX-I versus IVR treatment groups.

Baseline BCVA was 60.7 ± 11.5 ETDRS letters score in 
the DEX-I group and 67.1 ± 13.1 ETDRS letters score in 

the IVR group, (p = 0.16). There was a significant increase 
in BCVA after treatment with mean change of 13.0 ± 10.0 
ETDRS letters (p < 0.0001), and there was no significant 
difference between the two treatment groups.

Table 1 summarizes all quantitative OCT and OCT-A 
parameters with significant change after treatment, and 
there were no differences between the two treatment groups. 
These include reduction in: the height of SND (− 96.7% vs. 
− 86.8%, p = 0.35), the area of the cysts at the SCP (− 60% 
vs. − 48.8%, p = 0.93), central CT (− 9.9% vs. − 13.6%, 
p = 0.49) and mean CT (− 11.3% vs. − 9.8%, p = 0.52), 
and increase in perimeter of the FAZ (+ 7.6% vs. 11.8%, 
p = 0.99) in DEX-I versus IVR treatment group.(Table 1) A 
complete resolution of SND after treatment was documented 
in 14/15 eyes (93.3%) in the DEX-I group and in 15/18 eyes 
(83.3%) in the IVR group.

Table 2 and Figs. 3 and 4 show parameters with signifi-
cant change after treatment and with significant difference 
between the two treatment groups. These include a greater 
decrease in the DEX-I group versus IVR treatment group 
in: CMT (− 38.7% vs. − 22.2%, p = 0.012), HRS number 
in the inner retina (− 29.2% vs. − 14.0%, p = 0.05) and in 
the full retina (− 24.7% vs. − 8.0%, p = 0.03), DRIL exten-
sion (− 62.0% vs. − 24%, p = 0.008), the area of the cysts 
at the DCP (− 68.7% vs. − 26.1%, p = 0.03), FAZ-CI at the 
SCP (− 19.1% vs. − 8.3%, p = 0.02), PD at DCP (− 27.5% 
vs. + 4.9%, p = 0.02). However, PD decrease at DCP after 
treatment, in the overall group (both treatment groups), did 
not reach statistical significance (36.7 ± 15.2 vs. 32.3 ± 6.9, 
p = 0.08) (Figure 4).

There was no significant change after either treatment in 
the following parameters: HRS number in the outer retina, 
FAZ area and PD at the SCP, VLD and VDI at both SCP 
and DCP and the percentage of choriocapillaris flow voids. 
Fifty-three percent of eyes in the DEX-I group versus 50% 
in the IVR group (p = 0.99) had an improvement in IS-OS 
integrity after treatment. Twenty-seven percent of eyes in the 
DEX-I group versus 55% in the IVR group (p = 0.16) had an 
improvement in ELM integrity after treatment.

Table 1  OCT and OCT-
Angiography parameters 
with significant change after 
treatment and no differences 
between the two treatment 
groups

All expressed values are mean values of both treatment groups before (t0) and after treatment (t1)
SND subfoveal neuroretinal detachment, Central CT choroidal thickness in the fovea, Mean CT mean value 
of choroidal thickness measured in the inner (500 μm from the fovea) and outer (1500 μm from the fovea) 
nasal and temporal subfields of the ETDRS grid, FAZ perimeter perimeter of the foveal avascular zone at 
the superficial capillary plexus, Cysts_SCP retinal cysts at the level of the superficial capillary plexus

Parameters t0 t1 p value

SND h 135.2 ± 73.9 11.5 ± 32.9 < 0.001
Central CT 238.0 ± 60.3 209.6 ± 55.9 < 0.001
Mean CT 201.8 ± 49.9 180.6 ± 50.7 < 0.001
FAZ perimeter 2.733 ± 0.737 3.006 ± 0.742 0.04
Cysts_SCP 581,123.9 ± 674,007.4 267,896.1 ± 300,979.4 0.016
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Table 2  OCT and OCT-
Angiography parameters 
with significant change after 
treatment and differences 
between the two treatment 
groups

All expressed values are mean values of both treatment groups before (t0) and after treatment (t1)
CMT central macular thickness, HRS_IR number of HRS in the inner retina, HRS_tot number of HRS in 
the full retina within central 3 mm, DRIL extension of disorganization of retinal inner layers (micrometers), 
FAZ-CI circularity index of the foveal avascular zone at the superficial capillary plexus, Cysts_DCP retinal 
cysts at the level of the deep capillary plexus, PD-DCP perfusion density at the deep capillary plexus (%)

Parameters t0 t1 p value

CMT 485.7 ± 123.5 335.4 ± 103.5 < 0.001
HRS_IR 43.3 ± 11.9 34.0 ± 8.9 < 0.001
HRS_tot 78.5 ± 17.3 65.8 ± 17.4 < 0.001
DRIL 370.9 ± 319.7 153.7 ± 240.7 < 0.001
FAZ-CI 0.687 ± 0.106 0.596 ± 0.152 < 0.001
Cysts_DCP 2,757,231.2 ± 1,864,990 1,491,082.3 ± 2,225,777.2 < 0.001
PD-DCP 36.69 ± 15.19 32.35 ± 6.94 0.02

Fig. 3  Interaction between the treatment group and temporal change 
for OCT variables. Top-left: Central macular thickness (CMT). Top-
right: Disorganization of retinal inner layers (DRIL). Bottom-left: 
Number of HRS in the full retina (HRS_Tot). Bottom-right: Number 
of hyper-reflective spots in the inner retina (HRS_IR). The F statistics 
(and the p value) of the comparison between patient group is shown 

on the top. The baseline difference between the treatment groups (sig-
nificant p value) is shown for CMT and HRS Tot on the left down 
side of the graph. t0 at baseline. t1 after treatment. Patient group DEX 
patients treated with intravitreal dexamethasone. Patient group IVR 
patients treated with intravitreal ranibizumab



Acta Diabetologica 

1 3

Discussion

Several factors can influence treatment outcome in DME 
including, duration and extent of edema, pattern of edema 
and characteristics of a single retina layer structure/thick-
ness. In this study, several neuroinflammatory and micro-
vascular parameters were evaluated and significant changes 
were documented and compared between intravitreal dexa-
methasone and ranibizumab treatment in patients with a 
specific pattern of edema (DME with SND). In particular, 
both treatments equally reduced: the height of the SND, CT, 
area of the cysts at the SCP, and increased the perimeter of 
the FAZ. Moreover, both treatments equally improved the 
integrity of the outer retina, specifically IS/OS and ELM 
integrity. However, DEX-I had major effect on reducing: 
CMT, HRS number in the inner and full retina, DRIL exten-
sion, the area of the cysts at the DCP, FAZ-CI at the SCP 
and PD at the DCP.

The pathophysiology of DR/DME is complex and mul-
tifactorial and is currently considered to be a chronic, 
low-grade inflammatory disorder, involving all cellular 
elements (vascular, neural and glial) in the retina [26, 27]. 
Chronic hyperglycemia induces activation of retinal glial 
cells (RGC), both microglia and macroglia, that secrete 
numerous cytokines and chemokines, besides the VEGF, 
as documented in the aqueous humor and vitreous, as from 
the very early stages of DM and DR [4, 10, 11, 18, 28, 29]. 
In DM, microglial cells in the retina undergo a change in 
phenotype from resting to activated one and can be visu-
alized as HRS on spectral domain OCT [4, 7, 8, 10, 30, 
31]. These HRS have specific characteristics such as small 
size (< 30 micron), reflectivity similar to nerve fiber layer 
and no back-shadowing [8]. Increased number of HRS has 
been documented in DME as well as in early stages of DR 
and even in DM without clinical signs of DR [5, 7, 8, 11, 
12, 30, 32]. Moreover, in DME, a greater number of HRS 
were found if SND was present compared to DME without 

SND [5]. In the present study, a significant decrease in HRS 
number in the inner retina was documented after both DEX-I 
and IVR treatment with greater decrease after DEX-I. This 
is in accordance with previous studies showing a decrease in 
HRS number after either anti-VEGF and/or steroid treatment 
[9, 12, 32, 33]. However, a greater response to DEX-I treat-
ment was reported in cases with higher number of HRS at 
baseline, indicating that elevated HRS number can be related 
to major inflammatory condition in the retina, thus requiring 
steroid treatment [9, 32, 34, 35].

Another finding of this study was a greater decrease 
in CMT and retinal cysts at the level of DCP after DEX-I 
versus IVR treatment. A greater decrease in CMT after 
single DEX-I treatment versus 3 monthly IVR was pre-
viously reported in treatment naïve DME [9]. As SND 
equally decreased after both treatments, (although with 
greater percentage in complete resolution after DEX-I), a 
major decrease in CMT thickness after DEX-I would be 
due to greater inner retina thickness reduction. This may be 
explained by a potent anti-edematous, anti-inflammatory and 
vascular effects, as well as effects on RGC, of the glucocor-
ticoids [36, 37]. The anti-inflammatory effect of steroids has 
been extensively studied in DR and DME, and a significant 
reduction in concentration of different cytokines and perme-
ability factors, besides the VEGF, in the AH of patients with 
DME has been reported [11, 38]. The effects of steroids on 
RGC determine a reduction in Müller cells swelling and res-
toration of potassium and water channel distribution which 
influence, drainage and mechanisms [37, 39, 40].

A more significant decrease in the extension of DRIL 
was found after DEX-I versus IVR treatment. DRIL was 
proposed to present disorganization or destruction of cells 
within inner retinal layers, possibly indicating a disruption 
of visual pathways from the photoreceptors to the ganglion 
cells [22, 41]. Moreover, DRIL was proposed as a surro-
gate marker correlated with visual acuity in patients with 
existing or resolved center-involving DME, and a change 

Fig. 4  Interaction between the treatment group and temporal change 
for OCT-A variables. Left: Circularity index of the foveal avascular 
zone (FAZ-CI) at the superficial capillary plexus. Middle: Cysts area 
at the deep capillary plexus (in micrometers). Right: Perfusion den-
sity at the deep capillary plexus PD-DCP. The F statistics (and the p 
value) of the comparison between patient group is shown on the top. 

The baseline difference between the treatment groups (significant p 
value) is shown for PD-DCP on the left down side of the graph. t0 at 
baseline. t1 after treatment. Patient group DEX patients treated with 
intravitreal dexamethasone. Patient group IVR patients treated with 
intravitreal ranibizumab
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in DRIL extension as an important prognostic and predic-
tive biomarker of visual acuity response to treatment in 
DME [22, 41]. In the present study, a similar significant 
increase in visual acuity was documented after both treat-
ments, despite greater decrease in DRIL extension after 
DEX-I. Experimental studies in vivo by Gallina et  al. 
reported that activation of glucocorticoid receptors in 
Müller glia is protective to retinal neurons by modulating 
levels of inflammatory cytokines that suppress microglial 
reactivity. Moreover, these authors reported that DEX-I 
treatment can promote neuronal survival by suppress-
ing microglial reactivity [42]. The International Retina 
Group recently documented by OCT, a decrease in DRIL 
extension after treatment of DME with DEX-I, hypoth-
esizing a positive architectural effect on Muller cells due 
to reduction in inflammation [43]. This would need to be 
confirmed in further clinical prospective studies as well 
as the correlation of DRIL extension changes to visual 
function after treatment.

Data from the present study may point out on the pos-
sible greater effect of DEX-I versus IVR on the inner retina, 
whereas similar effect of both type of drugs was found on the 
outer retina and choroidal parameters. Thus, DME & SND 
and high number of HRS may indicate a significant inflam-
matory pattern, with greater anti-inflammatory response in 
the inner retina after treatment with DEX-I versus IVR.

PD decreased at DCP in the DEX-I group, whereas in the 
IVR group it did not change after treatment. This led to the 
finding that the overall decrease in PD (after both treatments) 
was not statistically significant. In order to better understand 
this data, we also evaluated the VLD and VDI, measures 
of the vessel length and caliber. In this way, we wanted to 
evaluate if DEX-I could have had a real impact on macular 
perfusion, different from IVR. As we did not find any change 
or difference in VLD nor VDI between the two treatment 
groups, PD decrease could be due to only mechanic effect 
of major vessel stiffness/density at baseline determined by 
large retinal cysts, which significantly decrease after treat-
ment [44, 45]. This is also confirmed by the methodology 
used in the present study (cysts removal) for PD calcula-
tion. In case of large cysts, a significant area was excluded 
from the analysis compared to the larger evaluated area after 
treatment where cysts were significantly reduced. Therefore, 
PD values might have seemed reduced after treatment. In 
addition, we also wanted to exclude an eventual “ischemic” 
effect of DEX-I at the level of DCP. Therefore, we compared 
the baseline values of PD at DCP between 16 normal, non-
diabetic eyes (age and sex matched with DME patients) and 
all DME enrolled eyes. The fact that we found significantly 
higher values of PD at DCP in DME eyes (36.7% ± 15.2%) 
versus normal (27.4% ± 1.4%), p = 0.02 may further support 
the present results that after DEX treatment the PD values 
were back to normal, and no ischemic effect was induced by 

the treatment itself (data not shown). Previous studies evalu-
ating OCT-A in DME reported different data on PD changes 
after treatment for DME [18, 19]. No changes in PD at both 
capillary plexuses after DEX-I treatment were reported by 
Toto et al., whereas an increase in PD at both plexuses was 
reported after Aflibercept treatment by Mastropasqua et al. 
[18, 19]. However, these authors did not take into account 
eventual artifacts due to the presence of cysts in the evalua-
tion of OCT-A parameters. Therefore, data from the previous 
studies cannot be directly compared to the present one.

Major limitations of this study include a limited number 
of evaluated eyes and a retrospective design. However, a spe-
cific pattern of previously treatment naïve DME was evalu-
ated, with several imaging inflammatory biomarkers studied 
in detail. Moreover, a specific algorithm on MATLAB was 
used to remove the artifacts from the OCT-A images, thus 
strengthening the methodology approach applied for the 
evaluation of the images.

In conclusion, this study shows that DME with SND may 
represent a specific “more inflammatory” pattern of DME, 
with high number of HRS, and better response to intravitreal 
steroids rather than to anti-VEGF treatment. A greater effect 
of DEX-I was documented on inner retina including reduc-
tion in HRS number, DRIL extension, inner retina thickness 
and area of the cysts at the DCP. These data may help in 
further evaluation of noninvasive imaging biomarkers that 
may help in better understanding treatment response.
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