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ABSTRACT 
Purpose: We aimed to evaluate the impact of foveal eversion on treatment response and persistent 
diabetic macular edema (DME). 
Methods: The study was designed as interventional, prospective. DME eyes were treated by 
ranibizumab and/or dexamethasone (DEX) implant, or with fluocinolone acetonide (FAc) implant. 
FAc-treated eyes were eventually retreated by additional ranibizumab injections. Main outcome 
measure was the relationship between foveal eversion and both clinical outcome and persistent DME.  
Results: Sixty-eight DME eyes (68 patients) treated by anti-VEGF/DEX and 50 FAc-treated eyes 
(50 patients) were recruited. The follow-up was 16±3 months. Anti-VEGF/DEX group and FAc-
treated group resulted statistically matched for age, sex, DME duration and previous number of 
injections (p>0.05). Both groups experienced statistically significant improvements both of BCVA 
and central macular thickness (p<0.01) at the end of the follow-up. Persistent DME was shown by 
46% of anti-VEGF/DEX eyes and 42% of FAc-treated eyes. Foveal eversion was found in 50% of 
anti-VEGF/DEX eyes and in 44% of FAc-treated eyes. Its presence was associated with worse 
anatomical and visual outcome and higher persistence of DME in both groups (p<0.01), and with 
higher retreatment percentages in FAc-treated eyes (p<0.01).  
Conclusion: Foveal eversion is associated both with worse clinical and morphological outcomes in 
DME.  
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Key Summary Points: 

 Diabetic macular edema (DME) is nowadays well managed by intravitreal anti-VEGF or 
corticosteroids treatments. 

 However, a considerable amount of DME eyes, at least 30-40%, discloses a vision-threatening 
condition named persistent DME. 

 In the present study, we investigated a specific structural optical coherence tomography 
(OCT) biomarker, namely foveal eversion, and we assessed its relationship with treatments’ 
response and persistent DME. 

 Foveal eversion was significantly associated with worse anatomical and visual outcome, and 
significantly higher prevalence of persistent DME. 

 In the perspective of even more personalized treatment strategies, foveal eversion may be 
considered a feasible structural OCT biomarker in DME. 

 
DIGITAL FEATURES 
 
This article is published with digital features, including a summary slide, to facilitate understanding 
of the article. To view digital features for this article go to 
https://doi.org/10.6084/m9.figshare.13360130  
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INTRODUCTION 
Diabetic macular edema (DME) is a cause of visual acuity loss in diabetic retinopathy (DR) [1,2]. 
Nowadays, DME is well-managed by means of intravitreal anti-VEGF injections and corticosteroids 
[3], including the more recently introduced fluocinolone acetonide (FAc) 0.19 mg intravitreal drug-
delivery system (ILUVIEN®; Alimera Sciences, Inc., Alpharetta, GA, USA), which is able to 
guarantee a longer duration of the treatment [4-9]. Although the usage of intravitreal treatments 
radically changed the clinical course of DME, a considerable percentage of patients, at least 30-40%, 
showed persistent DME [10]. This condition leads to a chronicity of the clinical picture, with a 
progressive anatomical and functional impairment of the macula, thus a worse visual prognosis. 
Although previous studies tried to assess the relationship between imaging biomarkers and DME 
remission [11-14], less data are available regarding the role of imaging in predicting DME 
persistence. Although this feature is important in each clinical setting, it assumes a remarkable 
relevance in the setting of FAc implant, especially to plan additional treatments. 
The main aim of the present study was to investigate a specific structural optical coherence 
tomography (OCT) biomarker, namely foveal eversion and defined as a complete convex profile of 
the central fovea, in DME patients underwent anti-VEGF or corticosteroids intravitreal treatments, in 
order to assess the possible relationship with treatment response. Furthermore, we assessed the 
relationship with persistent DME, intended as the still present DME through the 24-week visit [15]. 
 
METHODS 
The study was designed as prospective, cohort study involving DME patients followed at the 
Department of Ophthalmology, San Raffaele Hospital, Milan, Italy. The study was approved by the 
Ethical Committee of San Raffaele Hospital, Milan, Italy and was conducted in accordance with 
Helsinki declaration. We obtained a signed informed consent from all the patients before the inclusion 
into the study. 
The inclusion criterion was the presence of a clinically relevant DME, treated for at least six months 
before our baseline visit. Exclusion criteria were: naïve DME, phakic eye, other media opacities, 
uncontrolled glaucoma, any ophthalmic surgery in the last 6 months before treatment, macular edema 
secondary to other causes than DME, any ophthalmic or systemic disease potentially affecting the 
results of the study. The follow-up was at least one year for all the included eyes.  
All the patients underwent complete ophthalmologic examination including best corrected visual 
acuity (BCVA) evaluated by standard ETDRS charts, anterior and posterior segments slit lamp 
evaluation, and Goldmann applanation tonometry. We performed structural OCT examination 
(Spectralis HRA, Heidelberg Engineering; Heidelberg, Germany) at each follow-up, with radial, 
raster and dense scans with high number of frames (ART>25) and enhanced depth imaging (EDI) to 
highlight deeper structures.  
From structural OCT images, we extracted the following parameters: central macular thickness 
(CMT), inner retinal thickness (IRT), outer retinal thickness (ORT), disorganization of the inner 
retinal layers (DRIL), epiretinal membrane (ERM), ellipsoid zone (EZ) and external limiting 
membrane (ELM) status, retinal hyperreflective foci (HF), subretinal fluid (SRF) and the presence of 
foveal eversion. This latter was defined as a complete convex profile of the central fovea.  
We separately analyzed eyes with or without foveal eversion. We treated DME with anti-VEGF 
(Ranibizumab 0.5mg) and/or dexamethasone (DEX) implant (Ozurdex®; Allergan inc.), or with FAc 
implant. Anti-VEGF injections and DEX implants were administered accordingly to a pro-re-nata 
regimen. In particular, DME eyes could be equally treated with one of these drugs, accordingly with 
ophthalmologists’ discretion. The criterion to switch the treatment was the OCT-based evidence of 
poor response to the first molecule (arbitrarily considering DME reduction < 25%). FAc implant was 
administered according to the Italian guidelines, consisting of the following characteristics: refractory 
DME, previously treated with at least one DEX implant, without the evidence of “cortico-responder”-
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related phenomena, in mandatory pseudophakic eyes. FAc-treated eyes could be eventually retreated 
with anti-VEGF, if detecting structural OCT evidence of poor response. 
With respect to the eyes treated by anti-VEGF/DEX, the choice to include only pseudophakic eyes 
was done also to make comparable all the DME eyes, considering the mandatory criterion of 
administration of FAc implant. Furthermore, the exclusion of naïve DME eyes was chosen to further 
guarantee a reliable statistical comparison between anti-VEGF/DEX and FAc implant groups. 
After the categorization of our cohort in DME eyes with or without foveal eversion, we also 
performed further analyses separately considering patients treated by anti-VEGF and/or DEX implant 
from patients underwent FAc implant. We decided to consider FAc-treated eyes as a separate 
subgroup in consideration of the fixed and stable concentration of the drug released each month, with 
respect to anti-VEGF and/or DEX implant which are known to be characterized by less stable 
intravitreal concentration of the drugs. 
The main outcome measure was the assessment of the relationship between foveal eversion and both 
the final outcome and the presence of persistent DME, intended as the still present DME through the 
24-week visit [15]. We considered the parameters measured at baseline and at the last follow-up. Two 
independent blinded graders performed all the measures (AA, EA). Interclass correlation coefficient 
(ICC) was measured to assess the agreement between the two graders through a two-way random-
effects model. We considered the following parameters as fixed factors into the analysis: age, gender, 
systemic hypertension, type and duration of diabetes mellitus (DM), glycate hemoglobin (HbA1c), 
DR type (NPDR/PDR), duration of DME, previous history of vitrectomy, previous panretinal 
photocoagulation (PRP), previous nature and number of treatments (anti-VEGF, intravitreal 
corticosteroids), baseline features (BCVA and CMT), retinal and/or choroidal HF>15, ERM, DRIL, 
ELM/EZ status (normal/interrupted/absent) and SRF. In the FAc-treated group, we also considered 
the eventual presence of additional anti-VEGF treatment (yes/no), and their number, administered in 
accordance with ophthalmologists’ discretion.  
All the statistical analyses were performed by means of SPSS software package (SPSS, Illinois, 
USA). Continuous variables were statistically evaluated by means of two-tailed T-test. One-way 
ANOVA analysis assessed the differences between eyes disclosing foveal eversion and eyes without 
foveal eversion for both groups of treatment. Because of multiple testing, Bonferroni correction was 
applied to assess for multiple comparisons. Tau-Kendall correlation analysis was adopted to assess 
the relationship among the included parameters. Statistical significance was set at p<0.05.  
 
RESULTS 
We collected data from 68 DME eyes of 68 patients (42 males; mean age 66 ± 7 years) treated with 
anti-VEGF injections and DEX implants and from 50 eyes of 50 patients (29 males; mean age 68 ± 
9 years) treated with FAc implant. The two groups were age- and sex-matched (p>0.05). The mean 
follow-up was 16 ± 3 months for both groups. The mean number of previous intravitreal injections 
was 11 ± 2 for the anti-VEGF/DEX group and 10 ± 3 for the FAc-treated group (p>0.05). The mean 
DME diagnosis resulted 2 ± 1 years for both groups (p>0.05). The anti-VEGF/DEX group were 
treated with 9 ± 2 injections over the entire follow-up. Only 10 out of 68 eyes (15%) resulted treated 
by only anti-VEGF or DEX, without switching. Clinical data are extensively reported in Table 1.  
Anti-VEGF/DEX group and FAc-treated group did not significantly differ in terms of clinical and 
imaging parameters (Table 1) (all p>0.05). Both groups showed a significant improvement of 
LogMAR BCVA and CMT at the end of the follow-up, compared to baseline values (Table 1). 
Persistent DME was detected in 46% of anti-VEGF/DEX eyes and in 42% of FAc-treated eyes 
(p>0.05).  
We found foveal eversion in 34 out of 68 eyes (50%) of anti-VEGF/DEX group and in 22 out of 50 
eyes (44%) of the FAc-treated group (Figure 1). 
DME eyes with and without foveal eversion started with similar baseline BCVA values (p>0.05) 
(Table 2). A statistically significant BCVA improvement was registered only in eyes without foveal 
eversion, both for anti-VEGF/DEX and FAc-treated groups. On the other side, the eyes disclosing 
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foveal eversion were characterized by stable BCVA, if considering baseline and last follow-up values 
(p>0.05).  
CMT was similar at baseline in eyes with or without foveal eversion (p>0.05), considering both 
groups of DME eyes; on the contrary, it turned out to be significantly higher in foveal eversion eyes 
at the end of the follow-up both in anti-VEGF/DEX group and in FAc-treated group (p<0.01).  
Interestingly, the presence of persistent DME at the end of the follow-up resulted significantly higher 
in foveal eversion eyes (76% of eyes in anti-VEGF/DEX group and 68% of eyes in FAc-treated 
group), compared to eyes without foveal eversion (~20% in both groups) (p<0.01).  
Independently from the presence of foveal eversion, the prevalence of ERM and SRF was similar 
between groups, with SRF turning out to be completely recovered at the end of the follow-up in the 
100% of cases.  
The percentages of eyes with DME duration > 3 months was homogeneously distributed in eyes with 
or without foveal eversion, both for anti-VEGF/DEX group and in FAc-treated group. 
Furthermore, the presence of the foveal eversion was also significantly associated with worse 
EZ/ELM status, higher percentage of DRIL and higher HF (Table 2). More in details, DME eyes with 
foveal eversion showed significantly higher percentage of EZ/ELM disruption at baseline than eyes 
without foveal eversion; moreover, EZ/ELM absence was detected only in eyes with foveal eversion 
at the end of the follow-up, both in anti-VEGF/DEX group and in FAc-treated group. Previous 
vitrectomy had no influence in terms of number of injections, presence of foveal eversion and 
outcome (all p>0.05). All the other evaluated parameters were similar between both groups (p>0.05).  
Remarkably, in the anti-VEGF/DEX group, DME eyes disclosing foveal eversion underwent 
significantly higher number of intravitreal injections than DME eyes without foveal eversion (10±2 
vs 8±2; p=0.01). 
With respect to FAc-treated eyes, the mean number of additional anti-VEGF injections was 2±1, 
considering the overall sample of 50 eyes. The post-hoc analysis revealed that eyes with foveal 
eversion underwent significantly higher additional anti-VEGF treatments than eyes without foveal 
eversion (45% vs 14% of eyes; p<0.01) (Table 2). 
The inter-graders agreement regarding the detection of foveal eversion was equal to ICC 0.97 
(p<0.01); moreover, the overall ICC regarding the other parameters analyzed was 0.93 (range 0.90-
0.96; p<0.01). 
The correlation analysis (Table 3) confirmed the relationship of foveal eversion with higher CMT 
values and higher frequency of persistent DME at the end of the follow-up. Moreover, our data 
showed that patients with type 2 DM and arterial hypertension are more subjected to foveal eversion 
phenomenon. The choice to retreat FAc-treated DME eyes with anti-VEGF was strictly related with 
the amount of DME. The number of injections in the anti-VEGF/DEX group correlated with the 
persistence of DME. Moreover, looking at the FAc-treated group, eyes with proliferative DR, 
previously treated by PRP, showed negative correlation with anti-VEGF retreatment. EZ/ELM status 
strictly depended on the presence of DME duration > 3 months (Table 3).  
 
DISCUSSION 
In the present study, we evaluated the impact of foveal eversion, detected on structural OCT, on the 
response to anti-VEGF/DEX treatment or FAc implant over at least 1-year follow-up, and on the 
persistence of DME. Our data revealed a significant association between the presence of foveal 
eversion and both visual and anatomical outcomes. In particular, we found significant BCVA and 
CMT improvements only in DME eyes without foveal eversion. Nevertheless, the intravitreal 
treatments showed a good efficacy to maintain stable BCVA values also in eyes disclosing foveal 
eversion. An interesting result was the completely different prevalence of persistent DME in eyes 
with or without foveal eversion (76% vs 20% in the anti-VEGF/DEX group and 68% vs 21% in FAc-
treated group after at least 1-year follow-up).  
It should be considered that, to date, a definite agreement about the prevalence of persistent DME is 
still lacking. We could consider reliable a prevalence of at least 40% of cases,15 although high data 
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variability is reported in the literature. From this point of view, our findings matched with previous 
reports, disclosing persistent DME in 46% of anti-VEGF/DEX eyes and in 42% of FAc-treated eyes. 
Remarkably, our analysis allowed to categorize our DME cohort in eyes with an extremely high 
probability to show persistent DME from eyes with just 20% of cases, through an extremely feasible 
way, namely the structural OCT detection of foveal eversion. This finding suggests a useful role of 
foveal eversion biomarker in predicting persistent DME and in planning personalized treatment 
strategies. 
The eversion of the foveal profile, intended as a complete convex profile of the central fovea, was a 
poorly investigated structural OCT biomarker, detectable in different macular diseases. It was 
suggested to be related with worse prognosis in retinal vein occlusion [16]. Moreover, its absence has 
been already suggested as a possible exclusion selection criterion for FAc implant, to achieve good 
visual outcome [17].  
The interesting aspect of foveal eversion is the extremely easy practicability to assess its presence in 
common clinical settings. Indeed, foveal eversion can be intended as a dichotomic biomarker 
(present/absent), without the need of more complex quantitative methods for its evaluation. 

The anatomical explanation of foveal eversion is quite difficult. A previous DME study described its 
relationship with precise cytokine profiles resulting different from other forms of DME [18]. This is 
in accordance with the extremely complex and heterogeneous pathogenesis of DME, including 
completely different pathogenic sources of macular edema [19,20].  
On the other side, considering the strong involvement of intraretinal glial cells, in particular of Muller 
cells in DME [21-23], the onset of foveal eversion might be related to a stronger impairment of the 
Muller cells. Indeed, these cells are known to cover several fundamental metabolic roles within the 
retina, including the release of growth factors and other metabolic and inflammatory mediators [24]. 
The highest concentration of Muller cells is localized at the level of the fovea, with a ratio between 
Muller cells and photoreceptors of 1:1 [25]. For this reason, a major impairment of this specific 
cytotype might be responsible of a remarkable loss of foveal structural and functional integrity, 
leading to the onset of foveal eversion. Moreover, the consequent loss of macular homeostasis might 
also justify the higher prevalence of persistent DME in eyes with foveal eversion. From this point of 
view, the presence of higher biomarkers of retinal impairment (DRIL and HF) in foveal eversion eyes 
suggests a wider damage of the retinal cytotypes, with the consequent interpretation of foveal eversion 
as the final effect of the combined activity of higher inflammation and higher retinal structural loss.  
However, we know that all these speculations need further studies, including histologic validations, 
to better investigate the pathogenesis of foveal eversion and its relationship with treatment response 
and persistent DME. 
We are aware that our study labors under several limitations, mainly related with the relatively low 
number of patients and the limited follow-up. For this reason, ours should be considered just a first 
investigation stimulating future larger studies dedicated on the evaluation of foveal eversion in DME. 
Furthermore, we did not include naïve DME. This choice was done to make statistically comparable 
the two considered groups. Indeed, in accordance with the Italian guidelines, DME patients can 
underwent FAc implant only as second-line treatment. Future studies are warranted to assess foveal 
eversion features and impact also in naïve DME eyes. Lastly, the percentage of DME eyes treated 
with only anti-VEGF or DEX implant was too poor (15% of the entire cohort) to make a reliable 
statistical analysis dedicated on the impact of foveal eversion in DME eyes treated without switching. 
For all these reasons, our findings will benefit from further validations provided by larger prospective 
investigations. 
 
CONCLUSIONS 
In conclusion, our study raised new insights about the role of foveal eversion for the assessment of 
DME response to anti-VEGF/DEX and FAc implant treatments as well as for the prediction of 
persistent DME. In the perspective of even more optimized and personalized therapeutic strategies, 
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foveal eversion might represent an easily evaluable biomarker in DME eyes. Further studies are 
warranted to assess the role of foveal eversion in the pathogenesis of DME. 
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Table legend 
Table 1: Clinical data in anti-VEGF/DEX and FAc-treated DME eyes. 
Legend: diabetic retinopathy (DR); diabetic macular edema (DME); panretinal photocoagulation 
(PRP); dexamethasone (DEX); best corrected visual acuity (BCVA); central macular thickness 
(CMT); choroidal thickness (CT).  
Table 2: Foveal eversion sub-analysis in anti-VEGF/DEX and FAc-treated DME eyes. 
Legend: best corrected visual acuity (BCVA); central macular thickness (CMT); disorganization of 
inner retinal layers (DRIL); inner retinal thickness (IRT); outer retinal thickness (ORT); subretinal 
fluid (SRF); choroidal thickness (CT); hyperreflective foci (HF); external limiting membrane (ELM); 
ellipsoid zone (EZ).  
Table 3: Correlation analysis. 
Legend: diabetic retinopathy (DR); diabetes mellitus (DM); diabetic macular edema (DME); central 
macular thickness (CMT); external limiting membrane (ELM); ellipsoid zone (EZ); panretinal 
photocoagulation (PRP). 
 
Figure legend 
Figure 1: Representative case of foveal eversion.  
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The presence of foveal eversion (A) is associated to the incomplete recovery of the macular profile 
and persistent DME after treatment (B). On the other side, the presence of DME without everted 
foveal profile (C) is related to the complete absorption of the edema secondary to intravitreal 
treatments (D). 
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