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Abstract: Diabetes mellitus (DM) significantly impacts ocular health, particularly the retina and
choroid, leading to diabetic retinopathy (DR) and diabetic macular edema (DME). This study aimed
to evaluate the effects of intravitreal dexamethasone (IVD) on the choroidal vascularity index (CVI)
in order to evaluate its potential as a biomarker. This was a retrospective observational study in
which 37 eyes with DME treated with IVD were included. Baseline and follow-up (2 and 4 months
post-injection) comprehensive ophthalmological examinations and spectral domain optical coherence
tomography (SD-OCT) were performed. The CVI, luminal area (LA), stromal area (SA), and total
area (TA) were assessed. No statistically significant changes in CVI, LA, SA, and TA were observed in
the overall patient sample from baseline to 2 and 4 months post-IVD injection. However, a significant
CVI reduction was noted in responder patients at 4 months. Positive correlations were found between
the CVI and central macular thickness (CMT) at 2 months, suggesting that higher CMT values are
associated with higher CVI values. This study indicated that IVD influences choroidal circulation, as
evidenced by CVI reduction in responder patients. The CVI could potentially serve as an objective
biomarker for treatment response in DME. Larger, prospective studies are warranted to clarify these
findings further.

Keywords: diabetic macular edema; optical coherence tomography; choroid; choroidal vascularity
index; dexamethasone; retinal imaging; intravitreal injection

1. Introduction

Diabetes mellitus (DM) is a widespread chronic disease that affects approximately
537 million people worldwide, and its prevalence is increasing [1]. It significantly impacts
the eyes, especially the retina and choroidal tissue. A major cause of vision loss is dia-
betic retinopathy (DR), which is estimated to affect up to 35% of diabetes patients. The
development of DR is primarily linked to dysfunction in the retinal blood vessels and the
breakdown of the blood-retinal barrier (BRB) [2].

The choroid, which supplies about 95% of the blood to the retina and provides oxygen
and nutrients to its outer third, has become a key area of study in understanding the
vascular implications of DM. Recent investigations, in vivo and in vitro, have deepened
the understanding of choroidal vascular changes at the onset of DR [3-8]. The term
“diabetic choroidopathy” describes changes such as small aneurysms, abnormal deposits
on Bruch’s membrane, specific white blood cells in the choriocapillaris, and the formation
of choroidal neovascularization [3-5]. Histopathological studies have confirmed alterations
in the choroid due to DM progression, particularly showing changes in the choriocapillaris
and large choroidal vessels even before the initial clinical signs of DR emerge. These
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alterations begin at the cellular metabolic level, with changes such as reduced expression
of alkaline phosphatase, increased nitric oxide synthase, and increased leukocyte adhesion
molecules, and later become visible at the vascular and stromal choroidal level, including a
loss of choroidal endothelial cells, blockage of choriocapillaris vessels, and the presence
of polymorphonuclear neutrophils in the choroidal stroma [6-8]. All of these changes
contribute to the breakdown of the external BRB, representing both the cause and result of
the formation of diabetic macular edema (DME) and DR, inducing impaired photoreceptor
function and survival. DME is currently the principal motive for visual impairment in
DR [2]. Numerous recent studies have focused on identifying biomarkers to assess the
efficacy and response to treatment for this condition, including intravitreal anti-VEGF
injections and intravitreal corticosteroid injections. The preferred treatment, according
to international guidelines [9], for conditions where anti-VEGF use is not recommended
(e.g., vitrectomized patients, patients with cardiac conditions) involves the intravitreal
injection of a slow-release 0.7 mg dexamethasone implant (Ozurdex, Allergan; Irvine, CA,
USA). Additionally, in patients who are non-responders to other treatment, it is used as a
second-line therapy [9-11].

The introduction of optical coherence tomography (OCT) in recent decades has pro-
vided an accurate imaging tool for studying macular pathology and identifying disease
biomarkers and therapeutic responses [12]. Enhanced-depth imaging—OCT (EDI-OCT) has
recently advanced the understanding of choroidal changes and their role in DME onset
and therapeutic response. Lately, considerable research has been dedicated to studying
changes in the choroid related to systemic and ocular diseases, especially focusing on
choroidal thickness (CT). At present, there is no consensus on CT variation in patients
treated with intravitreal dexamethasone [13-17], possibly due to the poor reliability of the
parameter, which is closely dependent on confounding factors such as patient age, gender,
refractive error, and the presence of concurrent systemic and ocular pathologies [18,19].
The choroidal vascularity index (CVI) is a relatively novel value recently introduced into
the study of choroidal vascularization. This parameter is obtained from the ratio between
the choroidal luminal area (LA) and the total area (TA). The CVI has been shown to be
more reliable and less dependent on external factors [20,21]. Several authors have studied
the behavior of the CVI in diabetic patients and patients with DR, and there is a general
consensus on the reduction of the parameter in affected patients. Duran et al. [22] and
Aksoy et al. [23] conducted studies in patients with type 1 DM with no ophthalmological
alterations and reported that the CVI was significantly reduced in affected patients versus
a control group. Aksoy et al. hypothesized that these results may be justified by vascular
narrowing secondary to choroidal hypoxia [23]. Kim et al. reported that the CVI was
reduced in patients presenting with type 2 DM, with values related to the progression of
DR [17]. Thus, it has been established that the CVI is lower in patients with diabetes (with
or without DR) compared to age-matched healthy individuals. However, the impact of
intravitreal dexamethasone therapy on these parameters is still being debated and could be
used as a biomarker to assess the anatomical and functional response to treatment. The
principal objective of our investigation was to evaluate the CVI in patients with DME
before and after receiving the intravitreal dexamethasone injection, in accordance with
international guidelines. We also evaluated alterations in LA, stromal area (SA), and TA
to understand how dexamethasone affected diabetes-induced alteration of the choroid.
Additionally, we sought to correlate these parameters with treatment response, as indicated
by central macular thickness (CMT).

2. Materials and Methods
2.1. Study Design

This retrospective observational investigation included patients examined at the retina
center of the UOD Ophthalmology of Sapienza University, Sant’Andrea Hospital. We
enrolled 37 eyes of 37 patients with non-proliferative diabetic retinopathy (NPDR) and
DME characterized by a central retinal thickness greater than 300 microns and new or
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recent-onset DME. Exclusion criteria included proliferative diabetic retinopathy with retinal
neovascularization or previous laser photocoagulation treatment, other ocular pathologies
inducing macular edema (e.g., retinal vein occlusion, age-related macular degeneration,
uveitis, epiretinal membrane, vitreomacular traction), a spherical equivalent greater than
3 diopters, and previous intraocular surgery (within 6 months before the dexamethasone
injection). This study received Institutional Review Board approval from the University
of Rome, Sapienza. All patients enrolled gave their consent to participate in this study in
accordance with the tenets of the Declaration of Helsinki.

All patients underwent a baseline visit and follow-up visits at 2 and 4 months post-
injection, including a comprehensive ophthalmological examination with best corrected
visual acuity (BCVA) measurement, spherical equivalent measurement, intraocular pressure
assessment, anterior segment evaluation via slit-lamp, and fundus examination. Spectral
domain optical coherence tomography (SD-OCT, Solix, Optovue, Inc., Fremont, CA, USA)
was carried out after pharmacologically induced mydriasis with tropicamide 1% eye drops.
Figure 1 represents cross-sectional SD-OCT scans centered on the fovea of a diabetic patient
with diabetic macular edema at baseline and at 2 and 4 months from the dexamethasone
intravitreal injection (Figure 1).

Figure 1. Cross-sectional spectral domain optical coherence tomography scans centered on the
fovea of a diabetic patient with diabetic macular edema treated with an intravitreal dexamethasone
injection: (A) baseline scan; (B) 2-month follow-up scan; (C) 4-month follow-up scan.

2.2. OCT and Choroidal Vascularity Index

The SD-OCT assessment included raster scans, acquired with 17 parallel lines, and
automated output retina map scans to identify CMT.

A horizontal cross-sectional centered raster scan of the fovea was selected for each
patient to calculate the CVI. Image binarization was performed using the Image]J software
(distributed by Fiji, https:/ /imagej.net/Fiji/Downloads (accessed on 1 July 2024)) based on
the technique illustrated by Sonoda et al. [20]. The region of interest (ROI) corresponding
to the total choroidal area was selected in a 3 mm wide area centered on the fovea with the
polygon tool, extending from the retinal pigment epithelium (RPE) to the choroidoscleral
margin. Following the selection of three 100-micron choroidal vessels, binarization was
performed using Niblack’s automatic local thresholding method (Figure 2).

The software analysis identified dark pixel areas (LA) and the total number of pixels
in the ROI (TA). The ratio of LA to TA determined the CVI. The SA was calculated by
subtracting the LA from the total area (TA).
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Figure 2. Spectral domain optical coherence tomography (SD-OCT) raster scan of a diabetic patient
with diabetic macular edema. The binarized image of the 3 mm area centered on the fovea superim-
posed on the SD-OCT image, with the region of interest highlighted in yellow, corresponding to the
choroidal area.

A cross-sectional scan centered on the fovea was selected to analyze the qualitative
and quantitative features of retinal morphology at baseline, at two months, and four
months follow-up after the intravitreal dexamethasone injection. Specifically, the following
characteristics were assessed: subretinal fluid (SRF), defined as the presence of fluid beneath
the neuroepithelium; disruption of the ellipsoid zone (EZ), measured by the transverse
extent (in microns) of the loss of the characteristic hyperreflective EZ signal; the presence
of disorganization of the retinal inner layers (DRIL); and the presence of hyperreflective
foci (HRF). These assessments were performed using the Image] software.

2.3. Data Analysis

Statistical analysis was performed using IBM SPSS Statistics (version 27.0.1.0, Chicago,
IL, USA). Data are reported as mean =+ standard deviation for continuous variables or as the
number of cases and percentages for categorical variables. All distributions were tested for
normality using the Kolmogorov—-Smirnov test. Differences between pre- and post-therapy
values were calculated using ANOVA with repeated measures, and post hoc analysis was
carried out with a Bonferroni correction. Multiple linear regression analysis explored the
relationships between the variables. After adjustment when required, a p-value of less than
0.05 was considered statistically significant.

3. Results

A total of 37 eyes of 37 patients with NPDR and DME, of whom 12 were women
and 25 were men, were enrolled according to the selection criteria. Thirty patients were
treatment-naive to intravitreal dexamethasone injections, while seven were switched from
anti-VEGF therapy. Eight patients (five naive patients and three switched from anti-VEGF)
exhibited a poor response to intravitreal dexamethasone treatment and were classified as
poor responders according to the criteria of Rodriguez-Valdes et al. [24] (Figure 1).

Data analysis did not reveal statistically significant differences in the parameters of
CVI, LA, SA, and TA between baseline and the 2- and 4-month post-intravitreal dexam-
ethasone follow-up (Table 1).
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Table 1. Choroidal analysis in the total sample at baseline and 2 and 4 months post-IVD.

Baseline 2 Months Post-IVD 4 Months Post-IVD Value 2
(n=37) (n=37) (n =37) P

CVI 0.775 £ 0.71 0.764 = 0.73 0.757 £ 0.71 0.127

LA 2.033 +£0.59 1.956 £ 0.62 1.925 + 0.48 0.183

SA 0.554 £ 0.17 0.586 = 0.20 0.597 £ 0.19 0.292

TA 2.588 +0.61 2.543 £+ 0.62 2.523 +0.51 0.602

CVI: choroidal vascularity index; LA: luminal area; SA: stromal area; TA: choroidal area; IVD: intravitreal
dexamethasone. # ANOVA with repeated measures.

Data were successively evaluated by repeating the analysis following the exclusion of
the poor responders, and a statistically significant reduction in CVI was observed over the
follow-up period (p = 0.049) (Table 2). Post hoc analysis revealed a statistically significant
reduction in CVI at 4 months post-intravitreal dexamethasone compared to baseline, but
not compared to 2 months post-intravitreal dexamethasone (Table 3). No statistically
significant differences emerged in analyzing the dexamethasone responders regarding
LA, SA, and TA parameters. However, in absolute values, we observed a decrease in LA
and an increase in SA values throughout the follow-up period; TA showed a decrease at
2 months post-intravitreal dexamethasone with an increase at 4 months post-intravitreal
dexamethasone.

Table 2. Choroidal analysis in intravitreal dexamethasone responder patients at baseline and 2 and
4 months post-IVD.

Baseline 2 Months Post-IVD 4 Months Post-IVD

(n = 29) (n =29) (n = 29) p-Value*
CVI 0.773 £ 0.71 0.760 £+ 0.71 0.752 £+ 0.68 0.048 *
LA 2.032 4+ 0.60 1.907 + 0.61 1.906 + 0.49 0.134
SA 0.560 + 0.17 0.593 £ 0.21 0.610 £+ 0.19 0.237
TA 2.593 + 0.63 2.500 £+ 0.62 2.521 4+ 0.55 0.466

CVI: choroidal vascularity index; LA: luminal area; SA: stromal area; TA: choroidal area; IVD: intravitreal
dexamethasone. * ANOVA with repeated measures. * Statistically significant (p-value < 0.05)

Table 3. Post hoc analysis on CVI in IVD responder patients.

Baseline 2 Months 4 Months
(1 =37) Post-IVD Post-IVD p-Value? p-Value® p-Value©
- (n=37) (n=37)
CVl 0773 £0.71 0.760 £ 0.71 0.752 £ 0.68 0.653 0.045 * 1.000

CVI: choroidal vascularity index; IVD: intravitreal dexamethasone. # Post hoc analysis with Bonferroni correction—
comparison between baseline and 2 months post-IV. ? Post hoc analysis with Bonferroni correction—comparison
between baseline and 4 months post-IVD. © Post hoc analysis with Bonferroni correction—comparison between
2 months post-IVD and 4 months post-IVD. * Statistically significant (p-value < 0.05).

Univariate regression analysis between the CVI and CMT at 2 months post-intravitreal
dexamethasone showed a positive correlation between the two values, both in the total
sample patient analysis (n = 37, B = 0.463, r? = 0.215, p = 0.004) and in the responder
patient sample analysis (1 = 29, 3 = 0.706, r2 =0.498, p < 0.001). Moreover, there was a
positive correlation between baseline CVI and CMT at 2 months following intravitreal
dexamethasone; this emerged both in the total sample patient analysis (n = 37, 3 = 0.379,
1? = 0.144, p = 0.02) and was more significant in the analysis of the responder patient group
(n=29, p=0.713, r2 = 0.509, p <0.001). No other correlations were found.

Univariate regression analysis between retinal morphological parameters and the CVI
at 2 and 4 months revealed no statistically significant correlations between the parameters.



Appl. Sci. 2024, 14, 8439

6 of 10

However, the multiple linear regression, which included CMT as an additional variable,
confirmed the statistical significance of CMT in influencing the CVI at 2 months post-
intravitreal injection.

Table 4 summarizes the descriptive characteristics of the retinal morphological pa-
rameters analyzed at baseline, 2 months, and 4 months of follow-up after the intravitreal
dexamethasone injection.

Table 4. Descriptive features of retinal morphological parameters at baseline, 2 months, and 4 months
after intravitreal dexamethasone (IVD) injection.

Baseline 2 Months Post-IVD 4 Months Post-IVD
(n=29) n=29) (n=29)
SRF n (%) 2(3.3) 0 (0) 2 (3.3)
DRIL 7 (%) 14 (23) 14 (23) 14 (23)
Disruption of EZ (um) 360.58 4+ 241.45 359.13 4+ 232.51 358.92 + 231.57
HRF 2.07 +£2.01 2.06 + 1.86 2.05 £ 1.56

SREF: subretinal fluid; DRIL: disorganization of the retinal inner layers; EZ: ellipsoid zone; HRF: hyperreflective
foci; IVD: intravitreal dexamethasone.

4. Discussion

This study showed that subjects with DME who received an intravitreal dexametha-
sone injection did not show changes in CVI, TA, LA, and SA from baseline to the 2- and
4-month post-injection follow-ups. However, among the responsive patients, there was
a notable decrease in CVI, with the most significant change occurring at 4 months post-
injection. Considering that the objective of intravitreal dexamethasone injection is to
decrease intra- and subretinal edema, and consequently reduce CMT, we considered this
result to be the most significant in interpreting our data.

Previous studies explored the impact of diabetes on the choroid, revealing that the
CVlis altered in affected patients [17,22,23,25]. This is reported to be due to microscopic
and macroscopic changes caused by diabetes at cellular and vascular levels, such as vessel
narrowing with focal dilation of vessels, vascular permeability increase, pro-inflammatory
cytokine production, and polymorphonuclear stromal cells, with gradual alteration of
choroidal tissue [26,27]. These alterations impact the CVI, causing structural changes in
both the choroidal vessel lumen and the choroidal stroma. Kase et al. showed TA, SA, and
LA increases, which were statistically significant, in diabetic patients with central-involving
DME versus patients with DR in the absence of DME, while observing no difference in
the CVI [25]. The authors suggested that these changes could be responsible for the onset
of DME. They suggested that the increase in choroidal tissue volume, resulting from
vasodilation, production of humoral factors, and accumulation of advanced glycation end
products in the choroidal stroma, induced an increase in choroidal pressure [25,28]. This
increased pressure, in turn, could cause mechanical stress on the RPE cells, leading to
altered RPE cell polarity and secretion of factors into the sensory retina [25].

The intravitreal injection of dexamethasone is known to be beneficial for DME by
reducing intraretinal edema and resolving neuroepithelial detachment. This treatment
is particularly effective in cases where inflammatory factors are prominent, as indicated
by biomarkers such as hyper-reflective dots, subfoveal serous retinal detachment, and
alterations in the external limiting membrane and ellipsoid zone integrity [29].

Corticosteroids have several effects that help reduce inflammation in the eye. They
limit the recruitment of pro-inflammatory cells, suppress the production of inflammatory
cytokines such as VEGF, inhibit the action of nitric oxide synthase, and prevent the release
of histamine and prostaglandin. Additionally, they improve the function of the BRB by
acting on the tight junctions of endothelial cells. These effects impact the vascular and
tissue levels in both the retina and choroid [17].
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In the literature, there are limited studies in which the effect of an intravitreal dex-
amethasone injection on the CVI for DME in diabetic patients is explored. Rishi et al.,
in a study on DME patients managed with intravitreal dexamethasone, both naive and
previously treated with anti-VEGEF injections, found no differences in choroidal thickness
and CVI at 10 weeks post-injection [30]. Bilici et al. also did not find any differences [31].
These results align with our study where we did not find any difference in the CVI in
the total analyzed sample. However, in our study, patients who were dexamethasone
responders, with a reduction in CMT, had a significantly lower CVI following treatment as
compared to baseline. Kocamis et al. showed a significant reduction in CVI and LA in the
third month post-dexamethasone injection in patients with DME resistant to anti-VEGF
therapy. The authors attributed these results to a reduction in vasodilation induced by the
local effects of the corticosteroid [32]. In our study, although not statistically significant,
we also observed a progressive reduction in LA during the follow-up, confirming the local
effects of the corticosteroid, albeit limited. Therefore, we agree with these authors that the
reduction in LA in our study could potentially be attributed to the effects of corticosteroids
on choroidal vasculature.

Similar results emerged from the recent study by llgiiy et al., who reported a reduction
in LA, TA, and CVIin the third month post-intravitreal dexamethasone injection in patients
with DME refractory to anti-VEGF. These authors observed a progressive decrease in
LA, TA, and CVI values during follow-up and hypothesized that this trend could be
explained by the pharmacokinetics of intravitreal dexamethasone [33]. Animal model
studies showed that dexamethasone reaches peak concentration in the second month after
intravitreal injection and becomes undetectable after the 180th day [33,34]. Even in our
study, CVI decreased significantly in the fourth month after intravitreal injection, suggesting
a prolonged action of dexamethasone on the choroid even after the second month.

In our study, we also found a positive correlation between the CVI and CMT in the
second month, suggesting that higher CMT values are associated with higher CVI values.
It is reasonable to hypothesize that this behavior is related to the response to intravitreal
dexamethasone; in responder patients, there is a greater reduction in CVI and vice versa.
Interestingly, a correlation emerged between baseline CVI and CMT in the second month.
We could speculate that higher baseline CVI may suggest a greater acute inflammatory
response at the choroidal level, which is reasonably associated with greater difficulty for
dexamethasone to induce complete fluid reabsorption. Our results contrast with those of
llgiiy et al., who reported a greater reduction in CMT in patients with high baseline CVI,
with a moderately significant relationship [32]. However, we are only the second group
to study this relationship, and our analyzed population sample differs from that of lgiiy
et al., who included patients with DME refractory to anti-VEGEF, whereas the majority of
patients in our sample were treatment-naive patients.

The effect of intravitreal injections on the CVI has been explored to a limited extent,
even in the context of anti-VEGF therapy. Toprak et al. reported a reduction in CVI at three
and six months following the intravitreal injection of anti-VEGF [35]. Dou et al. conducted
a study investigating both the effect of anti-VEGF on CVI and the prognostic value of
baseline CVI in predicting a functional response to intravitreal injection. Their findings
demonstrated that patients with a higher baseline CVI tended to achieve greater visual
acuity gains regarding letter scores compared to those with a lower baseline CVI. The
authors also included in their analysis the influence of retinal morphological parameters
related to inflammation, such as the presence of subretinal fluid (SRF), the number of
hyperreflective foci (HRF), the extent of disruption of the inner limiting membrane and
ellipsoid zone (EZ), and the presence of disorganization of the retinal inner layers (DRIL),
on visual recovery post-intravitreal anti-VEGF injection in relation to the CVI. Overall, they
demonstrated that an increased reflectivity of the EZ, the presence of SRF, and the absence
of DRIL at baseline are associated with greater functional recovery following intravitreal
injection [36].
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In the present study, we did not assess functional visual outcomes. However, we
aimed to analyze and integrate qualitative and quantitative retinal biomarkers indicative of
inflammation [37], evaluating their influence on inducing changes in choroidal and retinal
vascularization, specifically in relation to the CVI. Our statistical analysis did not show any
significant influence of these inflammatory parameters on the CVIL. The reason for this obser-
vation is unclear and remains a relationship that has not yet been explored in the literature.
A potential explanation for the independence of the CVI from inflammatory biomarkers in
our study, despite intravitreal dexamethasone injections, could be that the inflammatory
parameters remained largely stable without statistically significant changes, unlike CMT,
which did exhibit expected variations following intravitreal dexamethasone treatment.

Further studies are needed to investigate this relationship more deeply and to clarify
the potential role of the CVI as a marker for inflammatory changes in retinal conditions
following different therapeutic interventions.

Our study has some limitations: the retrospective design, the relatively small sample
size, and the short follow-up time.

In the present study, we did not include systemic health variables, such as glycated
hemoglobin (HbAlc), average blood pressure, or lipid profiles of the analyzed patients.
These factors are known to influence systemic and microvascular circulation, potentially
affecting vascular health. Elevated blood glucose, poor blood pressure control, and dys-
lipidemia can all contribute to endothelial dysfunction, increased vascular inflammation,
and oxidative stress, which are key mechanisms in the pathogenesis of diabetic vascular
complications [38,39]. These systemic factors may also affect the choroidal vasculature
and, consequently, the CVI [40,41]. However, data specifically linking these parameters
to CVI changes, particularly in response to intravitreal dexamethasone treatment, are
currently limited.

In conclusion, the CVI, as previously shown, is a reliable and repeatable parameter
for evaluating the vascular and structural features of the choroid. It tends to decrease in
diabetic patients in direct proportion to disease severity. The reduction in CVI in diabetic
patients with DME treated with intravitreal dexamethasone suggests that the therapy
influences choroidal circulation. The CVI could potentially serve as an objective biomarker
for treatment response in DME. However, further investigations with larger prospective
studies with longer follow-up periods are needed to clarify the choroidal changes caused
by intravitreal dexamethasone implants.
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