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Aim: Diabetic retinopathy staging system and progression predictors are soon to be con
sidered insufficient for ophthalmologic practice. Given the growing evidence of the role of 
choroidal dysfunction, our purpose was to assess choroidal vascular changes with intravitreal 
ranibizumab (RBZ) treatment in diabetic macular edema (DME).
Methods: This was a prospective longitudinal cohort study. The study included DME eyes, 
grouped in vitrectomized (group 1) and non-vitrectomized (group 2) eyes, submitted to RBZ 
in a pro re nata regimen, with 24 weeks of follow-up. Main outcome measures such as 
central subfield foveal thickness (CFT), choroidal thickness (CT), and choroidal vascular 
index (CVI) were obtained from structural OCT, and choriocapillaris flow density (CCD) 
was obtained from OCT angiography and analyzed before and after treatment.
Results: Thirty-one patients were included, 10 eyes in group 1 and 24 eyes in group 2. The 
mean number of injections was 5.18 (range 2–6). Globally, there was an improvement in 
BCVA (+4.3 ETDRS letters, p=0.004) and CFT (−84.6 µm, p<0.001) with no changes in CT, 
CVI, or CCD (p>0.05). When considering only group 2, there was a significant decrease in 
CT (p=0.033) and a significant increase in CCD (p=0.010) 6 months after treatment, with no 
differences in CVI (p=0.111). Baseline CVI was correlated with visual acuity at week 24 
both globally (r=0.406, p=0.029) and in group 2 (r=0.604, p=0.004).
Conclusion: In non-vitrectomized eyes, choriocapillaris blood flow improves with RBZ. 
Baseline CVI may correlate with visual function after RBZ. ClinicalTrials.gov 
NCT04387604.
Keywords: diabetic macular edema, ranibizumab, vitrectomy, choroidal vascular index, 
choriocapillaris flow

Introduction
Diabetic retinopathy is the leading cause of preventable blindness among working- 
age individuals in most developed countries, and diabetic macular edema (DME) is 
the main cause of visual impairment in diabetic patients. DME pathogenesis is 
complex, multifactorial, and not completely understood. Several mechanisms such 
as oxidative damage, microvascular hypoperfusion, and up-regulation of vascular 
endothelial growth factor (VEGF) are implicated in increased fluid leakage into 
retinal tissue.1,2 Clinical and experimental findings suggest that not only the retinal 
capillaries but also choroidal vasculopathy in diabetes play a role in the pathogen
esis of diabetic retinopathy.3–5 Obstruction of the choriocapillaris, vascular degen
eration, choroidal aneurysms, and choroidal neovascularization have been reported 

Correspondence: Bernardete Pessoa  
Email bbtpessoa@gmail.com

Clinical Ophthalmology 2021:15 4081–4090                                                                  4081
© 2021 Pessoa et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Ophthalmology                                                                        Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 16 June 2021
Accepted: 11 August 2021
Published: 9 October 2021

http://orcid.org/0000-0002-5673-1561
http://orcid.org/0000-0001-6487-7950
http://orcid.org/0000-0002-5607-3212
http://orcid.org/0000-0002-8415-0780
http://orcid.org/0000-0002-5331-2257
http://orcid.org/0000-0002-3511-1515
http://orcid.org/0000-0001-9148-2786
mailto:bbtpessoa@gmail.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com


in histopathologic studies of diabetic eyes.3 Central chor
oid thinning in type 2 diabetic eyes and choroidal blood 
flow reduction in eyes with DME have already been 
described.5,6

There is some controversy regarding the real impact of 
anti-VEGF therapy in choroidal and retinal vessels. VEGF 
has an undoubtful role in normal vascular physiology 
through neurovascular trophic effects, namely on endothe
lial survival and in the allowance of some fenestration of 
vascular tissue in adults.7 In the choroid, VEGF receptors 
have been identified both in the choriocapillaris and in 
large blood vessels.8,9 Additionally, it has been shown 
that the choroid is highly dependent on VEGF.9

Although there is evidence that sustains that anti- 
VEGF therapy slows or even reverses retinal non- 
perfusion in diabetic retinopathy,10 Falavarjani et al 
demonstrated that there are no differences in the retinal 
blood flow before and after a single intravitreal injection 
(IV) of anti-VEGF for macular edema.11 In choroidal 
tissue, Okamoto et al observed that a single anti-VEGF 
IV reduces choroidal vascular index (CVI) and choroidal 
blood flow in DME eyes not previously submitted to 
panretinal photocoagulation (PRP).12 The long-term effect 
of anti-VEGF intravitreal therapy in choroidal vasculature 
is much less explored.

Our purpose was to analyze choroidal vascular changes 
with intravitreal ranibizumab (RBZ) treatment in a pro re 
nata (PRN) regimen in DME during 24 weeks of follow-up.

Materials and Methods
Study Design
This was a single-center, prospective, observational study, 
conducted at the Department of Ophthalmology of Centro 
Hospitalar e Universitário do Porto (CHUP), Portugal. 
This study was conducted according to the tenets of the 
Declaration of Helsinki in its latest amendment (Brazil, 
2013) and was approved by the ethics committee of CHUP 
[2017.093 (084-DEFI/082-CES)]. All patients signed an 
informed consent form. This study is registered at www. 
clinicaltrials.gov (NCT04387604).

Study Population
The recruitment period was from January 2018 to 
January 2019. Patients were included in two groups 
according to the vitreous status: group 1 – vitrectomized 
eyes and group 2 – non-vitrectomized eyes. Inclusion 
criteria were as follows: 1) ≥18 years with either type 1 

or type 2 diabetes mellitus; 2) central subfield foveal 
thickness (CFT) >300μm and a minimum signal strength 
for optical coherence tomography angiography of 7 out of 
10, measured using spectral domain optical coherence 
tomography (SD-OCT); 3) best-corrected visual acuity 
(BCVA) of 20 to 80 letters, using Early Treatment of 
Diabetic Retinopathy Study (ETDRS) letters chart; 4) 
minimum period of 6 months post-vitrectomy for inclusion 
in group 1; 5) ability and willingness to provide written 
informed consent. If the inclusion criteria were fulfilled for 
both eyes, bilateral inclusion was allowed. Exclusion cri
teria were as follows: 1) epiretinal membrane (ERM) in 
the study eye; 2) persistent posterior hyaloid adherence 
after vitrectomy for group 1; 3) history of other retinal 
vascular diseases in the study eye; 4) scatter and macular 
LASER photocoagulation, IV anti-VEGF, systemic anti- 
VEGF, pro-anti-VEGF treatment or cataract surgery in 
the 6 months prior to study inclusion; 5) IV or peribulbar 
corticosteroid injections in the 6 months prior to study 
inclusion; 6) previous IV implant of fluocinolone aceto
nide in the study eye; 7) vitreous hemorrhage or opacifica
tion in the study eye; 8) active proliferative diabetic 
retinopathy (PDR) in the study eye; 9) active ocular 
inflammation or infection in either eye; 10) aphakia in 
the study eye; 11) other causes for macular edema, eg, 
after cataract surgery in the study eye; 12) other causes of 
visual loss in the study eye; 13) pro-edematous medication 
(such as systemic glitazones or topical prostaglandins) or 
other pathologies that might influence the course of macu
lar edema in the study eye; 14) uncontrolled glaucoma in 
either eye (intraocular pressure >24mmHg with treatment); 
15) pathologic myopia (spherical equivalent of ≥–8 diop
ters, or axial length of ≥25mm19); 16) history of stroke in 
the previous 6 months; 17) uncontrolled arterial hyperten
sion (systolic blood pressure >160mmHg or diastolic 
blood pressure >100mmHg).

Study Protocol
Patients were followed according to the standard of care, 
with visits every 4 weeks. All patients were treated with 
RBZ IV injections (0.5mg/0.05mL) following a PRN regi
men. No adjunct therapies such as LASER were admitted 
during the 24 weeks of follow-up.

Treatment Schedule
Injections were repeated every 4 weeks if eye “improved” 
or “worsened” (defined as ≥5 letter change from the last 
injection, or ≥10% CFT increase on OCT from the last 
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injection), or if CFT>300μm at any time point. Injections 
were deferred if either BCVA of 85 letters and OCT CFT 
was “normal” (CFT≤300μm and non-existent intra- or 
subretinal fluid); or OCT CFT was “normal” 
(CFT≤300μm) and stable BCVA (defined as <5 letters 
change from the last injection) after two consecutive injec
tions during the first 24 weeks.

Patient Assessment
At baseline, demographic and clinical data, including 
serum levels of hemoglobin and glycated hemoglobin 
(HbA1C), microproteinuria, body mass index (BMI), and 
systolic and diastolic blood pressure (BP), were recorded. 
Each patient underwent a complete ophthalmological eva
luation (ocular symptoms, BCVA, intraocular pressure 
measurement, anterior and posterior segment biomicro
scopy), OCT and OCT-angiography (OCT-A) exams at 
baseline and every 4 weeks until the end of follow-up. 
BMI and BP were assessed at every visit. Fluorescein 
angiography was performed on all patients at baseline 
and at the end of follow-up. A final visit was conducted 
at 24 weeks of follow-up, which was the minimum follow- 
up period required for each patient.

OCT Acquisition and Imaging Protocol
At every visit, two highly trained technicians conducted 
a fovea-centered 20ºx20º SD-OCT scan (Spectralis® 

OCT, version 1.10.2.0, Heidelberg Engineering, 
Heidelberg, Germany) to automatically assess central 
foveal thickness (CFT) in the central 1-millimeter circle, 
using the proprietary Heidelberg Eye Explorer® soft
ware. Choroidal imaging was performed using structural 
OCT and OCT-angiography (OCT-A). CVI was calcu
lated in a single 3 mm-cropped image exported from 
a structural high-resolution foveal-centered B-scan. In 
ImageJ®, the choroid limits were manually drawn by 
two experienced examiners (DJ, SP) that were masked 
to patient clinical data at the time of acquisition. 
Segmentations were repeated by a senior specialist for 
all cases where differences between the two masked 
observers were equal or superior to 20%. The senior 
specialist used the same method described above and 
was also masked to previous measurements. The outer 
border of the hyperreflective line representing the retinal 
pigment epithelium was considered the inner choroidal 
limit. The outer choroidal limit was defined as the inner 
border of the hyperreflective sclera. The presence of 
a visible suprachoroidal space (SCS), defined as 

a continuous homogenous hyporeflective layer between 
the choroid and the sclera, was recorded and, in such 
cases, SCS was not considered part of the choroid. As 
previously described by other groups,39 the image was 
binarized using the Niblack method, and the total chor
oidal area (CA), hyperreflective stromal area, and hypor
eflective vascular luminal areas (LA) were automatically 
calculated. CVI was calculated as LA/CA. CA was con
verted to average choroidal thickness (CT). 
Choriocapillaris flow density (CCD) was calculated 
from a 10º×10º OCT-A C-scan, segmented automatically 
in the choriocapillaris layer using the OCT proprietary 
software. The image was binarized in ImageJ® using 
Phansalkar´s method40 and CCD was defined as the 
ratio between vascular area and total area. Auto-rescan 
with active eye tracking was applied for OCT acquisi
tions. The minimum signal strength of OCT-A images 
was 7 of 10. The signal strength index was registered 
and compared between visits, given that it may directly 
influence the outcomes. Automatic segmentations were 
confirmed by the investigators (BP, JH). OCT was per
formed at the same time of the day, between 8 a.m. and 
10 a.m, to avoid circadian fluctuations.18

Outcome Measures
Primary Outcome
To analyze choroidal vascularity changes, through CVI, 
CCD, and CT, 6 months after PRN treatment with RBZ.

Secondary Outcomes
Secondary endpoints were as follows: 1) BCVA and CFT 6 
months after treatment; 2) prognostic value of baseline 
choroidal measurements for functional (BCVA) and anato
mical (CFT) response at 12 weeks (early response) or 24 
weeks of follow-up; 3) correlation between choroidal vas
cularity parameters at baseline and after 6 months; 4) 
effect of baseline and demographic characteristics in chor
oidal vascularity parameters at baseline and after treat
ment; 5) BP and BMI association with choroidal 
vascularity parameters, at baseline and at the end of fol
low-up.

Functional and Anatomical Response Criteria
Functional and anatomical improvements were defined as 
a gain of ≥5 ETDRS and a CFT decrease of ≥50µm, 
respectively. DME resolution was defined as a CFT 
≤300µm.
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Statistical Analysis
Data were analyzed using non-parametric statistics. 
Between-group analyses of continuous variables were per
formed using the Mann–Whitney U-test. Within-group 
analyses were performed using the Wilcoxon test. 
Nominal variables were analyzed using the χ2 test. 
Correlations between variables were tested using the 
Spearman rank correlation or Kendall’s τ-b, as appropriate. 
A p<0.05 (two-sided) was considered statistically 
significant.

Results
Fifty consecutive eyes with DME were considered for 
treatment with RBZ IV injections, of which 34 eyes (10 
vitrectomized and 24 non-vitrectomized) from 31 patients 
fulfilled the inclusion criteria and completed the 24-week 
follow-up period.

Demographic and Clinical Baseline Data
Comparison between groups regarding baseline demo
graphic and clinical characteristics are summarized in 
Table 1. The only difference observed between groups 
was DM duration, which was longer in group 1 

(p=0.020). Causes for vitrectomy were PDR in seven 
cases and ERM in one case. In these eight cases the 
internal limiting membrane was peeled after membrane 
blue staining. One vitreous hemorrhage with no PDR and 
one macula on retinal detachment were registered.

Associations with Choroidal Vascularity 
at Baseline
Regarding the choroidal vascularity parameters, CVI, 
CCD, and CT, there were no baseline differences between 
groups (p>0.05). There was no association between base
line CVI, CCD, and CT and previous treatment with intra
vitreal injections, macular laser, or pan-retinal 
photocoagulation (p>0.05). At baseline, age and BP were 
not associated with baseline CT, CVI, or CCD.

Number of Injections in the 24-Week 
Period
The mean number of injections during the study period 
was 5.18±1.17 (minimum 2 and maximum 6), with no 
significant differences between groups (5.70±0.48 in 
group 1 and 4.96±1.30 in group 2, p=0.080). Treatment 
burden was moderately correlated with years on insulin 

Table 1 Baseline Characteristics

Parameter Group 1 (n=10) Group 2 (n=24) p-value

Age, mean [95% CI] 66.5 [60.2–72.8] 68.4 [65.1–71.7] 0.467

Gender female, n (%) 5 (50.0) 14 (58.3) 0.718

DM duration (years), mean [95% CI] 22.1 [16.5–27.7] 15.7 [12.4–19.0] 0.020
DME duration (months), mean [95% CI] 34.0 [7.8–60.2] 23.0 [13.7–32.4] 0.619

Type 2 DM, n (%) 10 (100.0) 24 (100.0) 1.000

Macular LASER, n (%) 8 (80.0) 15 (62.5) 0.437
PRP LASER, n (%) 8 (80.0) 13 (54.2) 0.251

Naive IV, n (%) 2 (20.0) 6 (25.0) 1.000

HbA1c, mean [95% CI] 7.6 [6.8–8.3] 7.3 [6.9–7.7] 0.589
Hemoglobin, mean [95% CI] 13.1 [11.8–14.4] 13.1 [12.3–13.9] 0.985

Microproteinuria, mean [95% CI] 112.7 [19.8–245.3] 181.1 [51.7–310.6] 0.908

BMI, mean [95% CI] 28.0 [25.1–30.9] 27.8 [26.3–29.3] 0.724
SBP, mean [95% CI] 138.5 [127.1–149.9] 138.4 [133.1–143.7] 0.832

DBP, mean [95% CI] 74.3 [65.6–83.0] 77.1 [73.6–80.6] 0.406

BCVA (letters), mean [95% CI] 63.3 [52.5–74.7] 72.3 [52.5–74.7] 0.196
CFT (μm), mean [95% CI] 400.5 [343.1–457.9] 433.7 [390.7–476.7] 0.381

CVI, mean [95% CI] 0.633 [0.603–0.662] 0.641[0.611–0.671] 0.324

CCD (%), mean [95% CI] 0.392 [0.337–0.448] 0.373 [0.319–0.428] 0.764
CT, mean [95% CI] 233.7 [172.1–295.3] 256.1 [232.1–280.1] 0.349

Note: Significant P-value in bold. 
Abbreviations: Group 1, vitrectomized eyes; Group 2, non-vitrectomized eyes; 95% CI, 95% confidence interval; DM, diabetes mellitus; DME, diabetic macular edema; 
macular LASER, prior focal-grid photocoagulation treatment in the study eye; PRP LASER, Prior panretinal photocoagulation treatment in the study eye; IV, intravitreal; naïve 
IV, no prior anti-VEGF intravitreal treatment in study eye; CCT, corticosteroid; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; CVI, 
choroidal vascularity index; CCD, choriocapillaris flow density, CT, choroidal thickness.
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therapy (0.462, p=0.023) and DME duration (0.484, 
p=0.017).

BCVA and CFT Changes Over Time
There was an improvement in BCVA both in the whole 
cohort and in group 2 (+4.3 ETDRS letters, p=0.004 and 
+5.2 ETDRS letters, p=0.007, respectively), with no 
differences in group 1 (Figure 1). A significant decrease 
in CFT was observed in the whole cohort and in both 
groups (Figure 2).

Choroidal Vascularity Changes Over 
Time
Globally, the choroidal vascularity parameters CVI, CCD 
and CT, did not change with ranibizumab treatment 
(p>0.05). Considering only group 2, there was 
a significant decrease in CT (p=0.033) and a significant 
increase in CCD (p=0.010) 6 months after treatment, with 
no differences in CVI (Table 2).

Correlations with Choroidal Vascularity 
at Month 6
At month 6, CVI was moderately negatively correlated 
with body mass index (BMI) –r=0.660, p=0.001. The 
duration of treatment with insulin and previous treatments 
(macular LASER, PRP LASER, or anti-VEGF IV treat
ments) were not associated with choroidal vascularity 
parameters at week 24. Blood pressure did not show any 
influence in choroidal variables at week 24.

Prognostic Value of Baseline Choroidal 
Vascularity for Anatomical or Functional 
Response
Despite no correlation with baseline BCVA, baseline CVI 
was positively correlated with final BCVA globally (r=0.406, 
p=0.029) and in group 2 (r=0.604, p=0.004). No other base
line choroidal parameters were correlated with final BCVA or 
final CFT. At 6 months, the same correlation was maintained 
between CVI and BCVA (r=0.450, p=0.041).

Figure 1 Change in BCVA from baseline to 6 months of follow-up.
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Discussion
There is growing evidence that choroidal vascularization, 
blood flow, and thickness are affected in diabetes and also 
influenced by intravitreal corticosteroid (CCT) and anti- 
VEGF treatments. Nonetheless, their exact influence is not 
completely clarified.12–14 There are contradictory results 
regarding choroidal thickness in eyes with diabetic 

retinopathy, with or without DME, with different reports 
suggesting choroidal thickening, thinning, or no 
change.4,15–17 The retrospective and cross-sectional nature 
of most previous studies, the influence of different factors 
such as age,18 refractive error,19 different DR severity/ 
DME/PRP status,16,17 as well as the possible effect of 
previous anti-VEGF therapy,17 circadian cycle or even 

Figure 2 Change in CFT from baseline to 6 months of follow-up.

Table 2 Changes in CVI, CCD, and CT, Globally and by Group

Group 1 [n=10] Group 2 (n=24) Total (n=34)

CT, μm 233.7 ± 73.7 256.1 ± 52.7 250.0 ± 58.7 Baseline
272.6 ± 87.1 245.5 ± 55.9 254.2 ± 67.3 6-months

+38.9, p=0.109 −10.6, p=0.042 +4.2, p=0.508 Change, p-value

CVI, % 63.3 ± 3.5 64.1 ± 6.5 63.9 ± 5.8 Baseline
63.5 ± 6.1 66.2 ± 5.6 65.3 ± 5.8 6-months

+0.2, p=0.945 +2.1, p=0.111 +1.4, p=0.169 Change, p-value

CCD, % 39.3 ± 7.2 37.3 ± 11.6 37.9 ± 10.4 Baseline

39.3 ± 11.3 41.2 ± 10.9 40.6 ± 10.9 6-months

0.0, p=0.109 +3.9, p=0.042 +3.7, p=0.100 Change, p-value

Notes: Significant P-values in bold. Values are shown as mean±standard deviation. P-values from Wilcoxon tests. 
Abbreviations: group 1, vitrectomized eyes; group 2, non-vitrectomized eyes; BCVA, best-corrected visual acuity; CFT, central foveal thickness; CT, choroidal thickness; 
CVI, choroidal vascularity index; CCD, choriocapillaris flow density.
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other systemic vascular factors such as blood pressure20 

may be among the reasons for these disparities.
Our study aimed to clarify the effect of intravitreal 

RBZ therapy in a PRN regimen for DME in choroidal 
vascular tissue, comparing vitrectomized with non- 
vitrectomized eyes, during 24 weeks of follow-up, an 
acceptable period to reach anatomical and functional sta
bility or to establish the type of response to anti-VEGF.21

Regarding baseline demographics, the only difference 
between groups was DM duration. This was to be expected 
since vitreopathy with vitreoretinal interface pathological 
changes, and a more severe and refractory DR, are con
sequences of the cumulative effect of hyperglycemia, 
which increases the probability of the need for 
vitrectomy.22 There are evidences in the literature that in 
cases with ERM and indication for vitrectomy, CT and 
CVI are increased, with gradual reduction after 
surgery.23,24 In one study evaluating and comparing CVI 
with a control group, the decrease occurred until the thick
ness matched that of the normal fellow eye. The secondary 
inflammation resulting from mechanical traction was the 
explanation for the increased choroidal thickness by way 
of increased vascularization of the choroid.24 In line with 
this last study, our observation that baseline choroidal 
parameters were not significantly different between groups 
may reflect the fact that vitrectomy (with ILM peeling, 
performed in the majority of patients) by itself does not 
induce detectable choroidal changes in diabetic eyes.

In order to decrease the bias due to other important 
factors that could influence choroidal flow or thickness, all 
measurements were performed at the same time of the day, 
high myopic eyes were excluded, and the remaining base
line characteristics were included in the analysis. Age, 
BMI, BCVA, CFT, and previous treatments, such as 
LASER and anti-VEGF treatments, were not different 
between groups. The absence of correlation of any base
line characteristics with CT, CVI or CCD, reinforces the 
uniformity among patients included in our study.

The main clinical consequence of anti-VEGF, the first- 
line therapy for DME,25 is to induce DME regression that 
leads to the expected functional improvement. This was 
observed in our study for both groups, although with 
a statistical significance only for group 2, particularly 
regarding BCVA. We may speculate that the lower func
tional outcome in group 1 may be due to a faster clearance 
of drugs in vitrectomized eyes, leading to a final higher 
CFT, which may have an impact on the final BCVA,26 on 
the ILM peeled feature, in 80% of these eyes, or on the 

longer DM duration. These last two factors are correlated 
with retina neurodegeneration, manifested by lower inner 
retina layers’ thickness, which may negatively influence 
the functional outcome.27–29 The need for vitrectomy in 
a context of PDR (present in 80% of the eyes) may also be 
a sign of a more severe DR, in both neuronal and vascular 
degenerative components related to DR. Our results are 
also in line with the evidence that RBZ is an effective 
treatment for DME in vitrectomized eyes, although the 
functional and anatomical efficacy seems to be achieved 
slower, with the need for a higher number of injections at 
least during the first 12 months of treatment.30 

Nevertheless, it has to be taken into account that our 
population is a cohort of diabetic patients that are well 
known for their clinical heterogeneity.

Analyzing the choroidal vascularity parameters, we 
found a decrease in CT and a significant increase in 
CCD only in group 2, even though choroidal parameters 
at baseline were similar in both groups. According to the 
literature, anti-VEGF treatment reduces choroidal thick
ness, probably due to the reduction of the choroidal vas
culature permeability.14,15 On the other hand, we 
hypothesize that the reduced permeability of the large 
choroidal vessels reduces the interstitial fluid pressure 
and may favor blood flow in the choriocapillaris, as con
firmed by the increase in CCD. Although there is robust 
evidence towards Diabetic Retinopathy Severity Scale 
(DRSS) score improvement and neovascularization regres
sion in PDR cases, objective reperfusion in ischemic areas 
with anti-VEGF therapy, based on fluorescein angiography 
and OCT-A, yields more conflicting results.31 Sub- 
analyses of the Phase 3 RISE and RIDE trials concluded 
that monthly injections of RBZ can slow, but not comple
tely prevent, retinal capillary closure in patients with 
DME.10 In other recent studies, choriocapillaris and retinal 
capillary perfusion density remained unchanged after 3 or 
12 months of treatment with anti-VEGF.32–34 

Pongsachareonnont et al observed that all anti-VEGF med
ications reduce not only the number of microaneurysms 
but also the foveal avascular zone (FAZ) in the superficial 
and deep capillary plexus after one injection, with 
a positive correlation with visual improvement.35

Our results suggest that non-vitrectomized eyes may 
have a different response to anti-VEGF therapy in chor
oidal vascular anatomical readjustment, through the reduc
tion of choroidal vasculature permeability, in addition to 
the renewal of the blood-retinal barriers.25 In the existing 
literature regarding choroidal thickness and retinal 
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vascular density, vitrectomy is not an exclusion or group
ing criteria. If that distinction had been done, then different 
conclusions could have emerged regarding macular perfu
sion across a great number of studies.

The absence of similar results for vitrectomized eyes, 
although it can be influenced by the small number of eyes 
included, may be due to 1) the less expressive effect of 
anti-VEGF in reducing not only retinal but also choroidal 
vasculature permeability, which is in line with a less dry 
macula observed in vitrectomized eyes and 2) the knowl
edge, already discussed above, that functional and anato
mical efficacy also occur in vitrectomized eyes, although 
more slowly and depending on a high treatment burden, at 
least during the first year.30 A longer follow-up would help 
to corroborate these hypotheses. Otherwise, the potential 
higher neurovascular disease severity or intense PRP, 
usually added intraoperatively in the vitrectomized eyes 
included in this study, may also be possible explanations.

A novelty highlighted by our analyses was the obser
vation that baseline CVI seems to play a role as a potential 
functional predictor of anti-VEGF response in DME, over
all and in non-vitrectomized eyes.

In our study, and contradicting the results obtained by 
Rayess et al36 after three monthly injections of anti- 
VEGF, CT and CCD did not show an additional prognos
tic value regarding anatomical or functional response 
after 12 and 24 weeks of treatment. A possible explana
tion for otherwise early outcomes by these authors may 
lay on their different inclusion criteria: only naïve eyes, 
without previous treatments related to diabetic retinopa
thy before the first IV anti-VEGF injection. An expected 
higher baseline sub-foveal choroidal thickness in those 
eyes may represent a subgroup with more preserved chor
iocapillaris and thus greater potential for significant 
improvements following anti-VEGF therapy. In our 
cohort, the majority of patients were not naïve. 
Particularly, PRP LASER therapy is associated with 
a significant reduction of the subfoveal choroidal thick
ness and subfoveal choroidal blood flow.17 A similar 
effect of anti-VEGF therapy on CT has already been 
reported, although the data is scarce in the long term, 
such as a treatment pause of 6 months, considered for 
inclusion in our study.12–14

Another expected result from our findings was the 
correlation between the number of injections needed to 
control DME with DME duration and insulin therapy, 
anticipating a more severe vascular damage and a higher 

treatment burden to stabilize the diabetic neurovascular 
disease.

The main limitation of this study is the reduced sample 
size, particularly in group 1. The small number of vitrecto
mized eyes included in this study is a reflection of the 
relatively infrequent post-vitrectomy DME occurrence.37,38 

The prospective evaluation of our cohort, the relatively 
uniform demographic characteristics (besides the expected 
differences associated with the need for vitrectomy), and 
our attempt to control for potential confounders are the 
strong points of our methodology.

Although we chose 24 weeks of follow-up as an accep
table and robust period to reach anatomical and functional 
stability, a longer prospective observation period might be 
needed to confirm our results. In addition, the known 
artifacts associated with OCT-A images and their analysis 
might lead to misinterpretations.

Conclusions
In conclusion, and in our population sample, CCD 
increased and CT decreased in non-vitrectomized eyes 
after 6 months of PRN treatment with IV RBZ. 
Moreover, CVI demonstrated to be a potential predictor 
for functional response to RZB therapy in DME. Choroid 
vascular status may help to understand different functional 
prognosis observed with anti-VEGF treatment, that classi
cal retinal biomarkers cannot otherwise explain.

Future studies with larger samples should be carried 
out to further investigate and confirm our results with 
regards to the role of vitreous status in response to chor
oidal vascular tissue to anti-VEGF therapy.
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