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ABSTRACT

Introduction: This study assessed the European
School of Advanced Studies in Ophthalmology
(ESASO) classification’s prognostic value for
diabetic macular edema (DME) in predicting
intravitreal therapy outcomes.
Methods: In this retrospective, multicenter
study, patients aged[50 years with type 1 or 2
diabetes and DME received intravitreal antivas-
cular endothelial growth factor (anti-VEGF)
agents (ranibizumab, bevacizumab, and afliber-
cept) or steroids (dexamethasone). The primary
outcome was visual acuity (VA) change post-
treatment, termed as functional response,

measured 4–6 weeks post-third anti-VEGF or
12–16 weeks post-steroid injection, stratified by
initial DME stage.
Results: Of the 560 eyes studied (62% male,
mean age 66.7 years), 31% were classified as
stage 1 (early), 50% stage 2 (advanced), 17%
stage 3 (severe), and 2% stage 4 (atrophic).
Visual acuity (VA; decimal) improved by
0.12–0.15 decimals in stages 1–2 but only 0.03
decimal in stage 3 (all p\ 0.0001) and 0.01 in
stage 4 (p = 0.38). Even in eyes with low base-
line VA B 0.3, improvements were significant
only in stages 1 and 2 (0.12 and 0.17 decimals,
respectively). Central subfield thickness (CST)
improvement was greatest in stage 3 (-229 lm,
37.6%, p\0.0001), but uncorrelated with VA
gains, unlike stages 1 and 2 (respectively:
-142 lm, 27.4%; - 5 lm, 12%; bothThe members of ESASO Study Group are listed in
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M. Vadalà � V. Bonfiglio
Department of Ophthalmology, University of
Catania, Catania, Italy

G. Bellisario
Ophthalmology Unit, Department of
Neurosciences, Biomedicine and Movement,
University of Verona, Verona, Italy

Ophthalmol Ther (2024) 13:1383–1398

https://doi.org/10.1007/s40123-024-00925-y

http://orcid.org/0000-0002-5351-4350
http://crossmark.crossref.org/dialog/?doi=10.1007/s40123-024-00925-y&amp;domain=pdf
https://doi.org/10.1007/s40123-024-00925-y


p\0.0001). Stage 4 showed no significant CST
change. Baseline disorganization of retinal
inner layers and focal damage of the ellipsoid
zone/external limiting membrane did not
influence VA improvement in stages 1 and 2.
Treatment patterns varied, with 61% receiving
anti-VEGF and 39% dexamethasone, influenced
by DME stage, with no significant differences
between therapeutic agents.
Conclusion: The ESASO classification, which
views the retina as a neurovascular unit and
integrates multiple biomarkers, surpasses single
biomarkers in predicting visual outcomes. Sig-
nificant functional improvement occurred only
in stages 1 and 2, suggesting reversible damage,
whereas stages 3 and 4 likely reflect irreversible
damage.

Keywords: Diabetic macular edema; Optical
coherence tomography; Steroid; Anti-VEGF;
ESASO classification; OCT Biomarkers;
Treatment outcomes in DME; Retinal
Neurovascular Unit

Key Summary Points

Why carry out this study?

This study was performed to validate the
clinical relevance of the European School
of Advanced Studies in Ophthalmology
(ESASO) classification system for diabetic
macular edema (DME).

It aimed to assess how different stages of
DME, as defined by the ESASO
classification, respond to intravitreal
treatments.

This is crucial for enhancing
understanding of DME progression and,
to enable better staging of the disease,
with the aim of improving treatment
strategies.

What was learned from the study?

This study examined the efficacy of the
ESASO classification system in predicting
treatment outcomes for DME.

It demonstrated that early DME stages
(stages 1 and 2) respond more positively
to treatment, suggesting these stages
represent a reversible phase of the disease,
while advanced stages (stages 3 and 4)
indicate established and irreversible
damage.

The study emphasized the limited
predictive value of baseline visual acuity
and central subfield thickness alone,
thereby reinforcing the comprehensive
approach of the ESASO Classification.

INTRODUCTION

Diabetes mellitus continues to pose a significant
global health challenge, with an alarming rise
in the number of affected individuals. In 2019,
the International Diabetes Federation reported
that approximately 240 million people world-
wide had diabetes, representing a prevalence of
9.6% [1]. Projections indicate that this number
is expected to surge to 356 million by 2045,
resulting in a global prevalence of 11.1% [1].
Among the numerous complications associated
with diabetes, diabetic retinopathy (DR) and
diabetic macular edema (DME) are particularly
devastating as they are leading causes of blind-
ness in the working-age population [2].

Understanding the pathogenesis of DME is
crucial for the development of effective treat-
ment strategies. Disruption of the blood–retinal
barrier, local inflammation, and neurodegener-
ation are among the contributing factors [2, 3].
As in every other neural tissue, the progressive
damage of the retina induced by these factors
may lead to irreversible damage jeopardizing
visual function. It is crucial to understand and
monitor the progression of the disease,
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generating a better therapeutic approach and
more reliable prognostic indications.

OCT Structural Biomarkers Predicting
Treatment Outcomes

Substantial research efforts have been directed
toward identifying structural biomarkers that
can predict treatment outcomes and provide
insights into long-term visual prognosis, and
optical coherence tomography (OCT), a high-
resolution imaging technique, has proven
invaluable in this regard [4–7]. OCT allows for
the detection of intra- and subretinal fluid and
precise measurement of retinal thickness. Sev-
eral OCT parameters, including disruption of
outer retinal layers such as the ellipsoid zone
(EZ) and the external limiting membrane
(ELM), disorganization of the inner retinal lay-
ers (DRIL), morphology and location of
intraretinal cysts, as well as the presence of
subretinal fluid and vitreoretinal interface
abnormalities, have been associated with poorer
vision and limited gains following treatment
[4]. Nonetheless, previous investigations have
evaluated these biomarkers mostly in isolation
[8–13], necessitating a comprehensive
approach to gain a deeper understanding of
their combined impact.

The ESASO Classification of DME Stage

In 2020, the European School for Advanced
Studies in Ophthalmology (ESASO) introduced
a comprehensive OCT classification system for
DME [4]. The ESASO Classification describes
DME progression through the combination of
five specific OCT parameters: central subfield
retinal thickness, intraretinal cysts, inner retinal
layers, EZ, and ELM. Four stages of progression
are defined based on the combined progressive
alteration of these parameters: early DME (stage
1), advanced DME (stage 2), severe DME (stage
3), and atrophic maculopathy (stage 4). The
clinical use of the ESASO Classification
demonstrated a high inter-observer concor-
dance rate (94%) in a recent validation process

[5]. While for scientific purposes a detailed
numerical score may be used to define the stage,
for clinical use the stages are defined according
to standard OCT images where all parameters
are fully described (Tables 1, 2, Fig. 1).

While the ESASO Classification has already
provided valuable descriptive insights on DME
[5, 6, 14], its clinical relevance required further
validation. To address this knowledge gap, the
objective of this retrospective multicenter study
was to assess the therapeutic response to
intravitreal agents in eyes at different stages of
DME progression. Specifically, we aimed to
explore the clinical relevance of this classifica-
tion in forecasting treatment outcomes in
comparison with single OCT biomarkers.

METHODS

Study Design

This is a retrospective, multicenter observa-
tional study. The study was conducted across
multiple centers to ensure a diverse patient
population and enhance the generalizability of
the findings. Participants in this study were
selected from the ophthalmology clinics of the
participating centers. This study was conducted
in accordance with the ethical principles out-
lined in the Declaration of Helsinki. According
to the Italian Medicines Agency (AIFA) require-
ments, retrospective studies and the communi-
cation of pooled (aggregated) data to the
Coordinating Center only necessitate commu-
nication to the Ethics Committee and do not
require explicit approval. To ensure patient
confidentiality and data protection, stringent
measures were implemented throughout the
study.

Primary Outcome Measure

Visual acuity improvement after the loading
therapeutic phase according to the stage of the
disease.
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Eligible Eyes at the Retrospective Review

Inclusion Criteria
1. Age of 50 years or older with demographic

information and medical history
2. Diagnosis of type 1 or type 2 diabetes and

grade of diabetic retinopathy
3. Evidence of DME
4. Clear view of retinal structure
5. Treatment with a loading dose of one of the

three antivascular endothelial growth factor
(anti-VEGF) injections available at the time

Table 1 Spectral-domain optical coherence tomography
grading system of diabetic maculopathy. Adapted from
reference [4]

Parameter Score Description

Thickening (T) 0 B 10% increase

1 [ 10% but B 30% increase

2 [ 30% increase

Cysts (C) 0 Absent

1 Mild

2 Moderate

3 Severe

EZ and/or

ELM status

(E)

0 Intact

1 Disrupted

2 Absent

DRIL (D) 0 Absent

1 Present

Hyperreflective

foci (H)

0 Less than 30 in number

1 More than 30 in number

Subretinal fluid

(F)

0 Absent

1 Present

Vitreoretinal

relationship

(V)

0 No visible adhesion/traction

between the vitreous cortex

and the retina

1 IVD

2 PVD

3 VMT

4 ERM

DRIL disorganization of the inner retinal layers, EZ
ellipsoid zone, ELM external limiting membrane, IVD
incomplete vitreous detachment, PVD complete vitreous
detachment, VMT vitreomacular traction, ERM epiretinal
membrane

Table 2 Staging of diabetic maculopathy (DM) according
to the different combinations of the first four variables:
thickening (T), cysts (C), EZ and ELM status (E), and
DRIL (D). Adapted from reference [4]

Stage T C E and/or D

Early DM (Fig. 1) T1 C1 E0 and D0

T1 C2 E0 and D0

Advanced DM (Fig. 2) T1 C1 E1 and D0 or D1

T1 C2 E1 and D0 or D1

T2 C1 E0 and D0 or D1

T2 C1 E1 and D0 or D1

T2 C2 E0 and D0 or D1

T2 C2 E1 and D0 or D1

T2 C3 E0 and D0 or D1

T2 C3 E1 and D0 or D1

Severe DM (Fig. 3) T1 C1 E2 and D0 or D1

T1 C2 E2 and D0 or D1

T2 C1 E2 and D0 or D1

T2 C2 E2 and D0 or D1

T2 C3 E2 and D0 or D1

Atrophic maculopathy

(Fig. 4)

T0 C0 E2 and D0 or D1

T0 C1 E2 and D0 or D1

T0 C2 E2 and D0 or D1

DRIL disorganization of the inner retinal layers, EZ
ellipsoid zone, ELM external limiting membrane
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of data collection (ranibizumab, aflibercept,
and bevacizumab) or a single intravitreal
dexamethasone (DEX) injection

6. Naı̈ve eyes or those already treated but
without any therapeutic intervention for
the previous 10 months

7. To be included in this retrospective study
the following parameters were necessary:

a. Step 1 (baseline): VA (decimal) and OCT
scans (radial or raster lines) obtained within
1 month prior to the first injection

b. Step 2 (follow-up): Visual acuity (decimal)
and OCT scans obtained at 4–6 weeks after
the loading phase with anti-VEGF treat-
ment or at 12–16 weeks after the single
intravitreal steroid injection. To be eligible,
the follow-up OCT scan had to be acquired
with the same instrument and the same
pattern as the baseline OCT scan

Exclusion Criteria
1. The presence of any other ocular or macular

pathology possibly causing macular edema
or confounding the analysis

2. History of intravitreal or laser treatment
within the past 10 months

3. History of cataract or other ocular surgeries
within the past 8 months

Each participating center was required to
contribute with a minimum of 30 cases. In cases
of eligibility of both eyes from the same patient,
the eye with the worst DME stage was included.

Methods of OCT Data Collection

High-resolution scans (length C 9 mm) with
the modalities ‘‘raster scan’’ and/or ‘‘radial scan’’
centered to the foveola were taken. The quan-
titative measurements of central subfield thick-
ness (CST) and macular volume were
automatically provided by the instrument and
registered. In step 1, the scan demonstrating the
worst retinal morphology according to ESASO
classification was selected, and the scan with
the same orientation (or the worst scan in case
of discrepancy) was selected in step 2.

Staging of DME and Data Analysis

Participating centers sent their database and
OCT images (steps 1 and 2) to the reading cen-
ter at ESASO headquarters. Two authors (G.P.
and G.D.M.) classified the OCT images at step 1
according to ESASO Classification [4] and added
the selected stage to the database for statistical
analysis.

Statistical Analysis

The primary outcome measure was the thera-
peutic response to intravitreal agents according
to the stage of the disease. This was assessed by
changes in VA following intravitreal injections
of anti-VEGF or DEX, stratified according to the
DME stage before treatment.

Descriptive statistics were used to summarize
the demographic and clinical characteristics of
the study participants. The association between
the ESASO classification stages and treatment
outcomes was analyzed using a repeated-mea-
sure linear regression model, where the VA and
the CST were the dependent variables, the visit
(baseline versus post-treatment) was the main
covariate, and the eye identification number
was the random effect. The effect of DME stage
was evaluated as the interaction term in these
models. Additionally, subgroup analyses were
conducted to investigate the impact of indi-
vidual OCT parameters on treatment response.

RESULTS

Baseline Characteristics

A total of 608 eyes were initially included from
18 centers, with an average contribution of 34
eyes per center. A total number of 48 eyes were
excluded due to poor quality of the spectral-
domain (SD)–OCT scan, differing SD-OCT scan
orientation, extrafoveal scans, absence of OCT
scan at follow-up, or presence of macular
comorbidities. The study ultimately comprised
560 eyes from 560 patients, with 62% males and
an average age of 66.7 ± 9.69 years.
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DME Staging at Baseline

Demographic and clinical characteristics are
detailed in Table 3. Among the eyes studied,

31% (n = 173) were classified as DME stage 1,
50% (n = 280) as stage 2, 17% (n = 96) as stage
3, and 2% (n = 11) as stage 4. Visual acuity at
baseline was 0.53 ± 0.24 decimal at stage 1,

Fig. 1 Illustrations of ESASO DME classification stages.
Early diabetic maculopathy (stage 1) includes: a Small
cystoid spaces near the fovea, with all retinal layers intact
and normal central subfoveal thickness and macular
volume. TCED-HFV: T = 1; C = 1; E = 0; D = 0;
H = 0; F = 0; V = 0. b Multiple perifoveal cystoid spaces
with mild macular thickening and incomplete vitreous
detachment; over 30 hyperreflective foci. TCED-HFV:
T = 1; C = 2; E = 0; D = 0; H = 1; F = 0; V = 1.
c Mild macular edema with intact retinal profile, cystoid
spaces, and initial epiretinal membrane; over 30 hyper-
reflective foci. TCED-HFV: T = 1; C = 2; E = 0; D = 0;
H = 1; F = 1; V = 4. Advanced diabetic maculopathy
(stage 2) includes: d cystoid spaces with retinal thickening
and central macrocyst; damaged subfoveal ellipsoid zone.
TCED-HFV: T = 2; C = 3; E = 1; D = 0; H = 1;
F = 0; V = 0. e Intermediate cystoid spaces with disrupted
external limiting membrane and visible internal retinal
layers; no adhesion or traction. TCED-HFV: T = 2;
C = 2; E = 1; D = 0; H = 0; F = 1; V = 0. f Large
pseudocyst in the fovea with parafoveal cystoid spaces;
damaged subfoveal external limiting membrane and partial
vitreous detachment. TCED-HFV: T = 2; C = 3; E = 1;
D = 1; H = 0; F = 0; V = 1. g Large cystoid spaces with
shallow subfoveal detachment; non-gradable ellipsoid zone
and discontinuous external limiting membrane; visible
inner retinal segmentation and slightly elevated vitreous.
TCED-HFV: T = 2; C = 3; E = 1; D = 0; H = 1;

F = 1; V = 1. Severe diabetic maculopathy (stage 3)
includes: h multiple central macrocysts with inner retinal
layer disorganization; absent subfoveal external limiting
membrane and ellipsoid zone. TCED-HFV: T = 2;
C = 3; E = 2; D = 1; H = 0; F = 0; V = 1. i Central
macrocyst with large surrounding cystoid spaces, severe
DRIL, and incomplete vitreous detachment; absent sub-
foveal external limiting membrane and ellipsoid zone.
TCED-HFV: T = 2; C = 3; E = 2; D = 1; H = 0;
F = 0; V = 1. j Central macrocyst and multiple large
cysts with a few hyperreflective foci; damaged but visible
retinal inner layers and normal vitreoretinal relationship.
Atrophic diabetic maculopathy (stage 4) includes: k Cen-
tral retinal thinning with DRIL, atrophic retinal pigment
epithelium, and below-normal thickness and volume; some
parafoveal microcysts and peripheral cystoid spaces.
TCED-HFV: T = 0; C = 1; E = 2; D = 1; H = 1;
F = 0; V = 0. l Central thinning with DRIL, irregular
and focally atrophic retinal pigment epithelium, and
below-normal thickness and volume, but with some
moderate intraretinal cysts. TCED-HFV: T = 0; C = 1;
E = 2; D = 1; H = 0; F = 0; V = 0. Adapted from
reference [4]. DME diabetic macular edema, DRIL
disorganization of the inner retinal layers, ESASO Euro-
pean School of Advanced Studies in Ophthalmology,
TCED-HDF Thickening–cysts–ellipsoid–DRIL–hyper-
reflective foci–fluid (subretinal)–vitreoretinal relationship
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0.41 ± 0.21 decimal at stage 2, 0.18 ± 0.13
decimal at stage 3, and 0.14 ± 0.13 decimal at
stage 4. The mean preinjection CST was
370 ± 58.9 lm at stage 1, 517 ± 113 lm at stage
2, 609 ± 156 lm at stage 3, and 242 ± 67 lm at
stage 4, and the differences between each and
all of these stages were statistically different
(p\ 0.001). Patients with stage 4 DME were
older (p = 0.01), and a higher proportion of
male patients was observed in stage 2 (p = 0.03).
The types of diabetes, duration of diabetes, and
history of prior treatments were comparable
across all stages.

Treatment Patterns

In this study, treatment patterns varied across
different ESASO stages of DME. Of the 560 eyes
evaluated, 60.7% (340 eyes) received anti-VEGF
treatments, while 39.3% (220 eyes) were treated
with intravitreal DEX. Early and atrophic stages
of DME were more frequently managed with
anti-VEGF therapy (Fig. 2). Eyes with advanced
(58.9% anti-VEGF versus 41.1% DEX, p = 0.03)
and severe DME (46.9% anti-VEGF versus 53.1%
DEX, p = 0.002) were more likely to receive
DEX. Additional factors influencing the use of
DEX included older age [odds ratio (OR) 1.61 for
every 10-year increase, 95% confidence interval
(CI) 1.33–1.97, p\0.001] and previous treat-
ment with other intravitreal agents (OR 1.66,

compared with treatment-naı̈ve eyes, 95% CI
1.16–2.37, p = 0.01).

VA Improvement and Its Correlation
with DME Stage

We observed a correlation between DME stage
and VA improvement, irrespective of the treat-
ment modality employed. Notably, following
the loading phase of treatment, stage 1 and
stage 2 eyes demonstrated a significant and
clinically meaningful improvement in mean
VA, 0.12 and 0.15 decimal, respectively. Con-
versely, stage 3 eyes showed a statistically sig-
nificant yet clinically irrelevant improvement
of 0.03 decimal, while stage 4 eyes did not
exhibit any improvement in VA (Fig. 3a). Fur-
thermore, the disparity in VA improvement
between eyes with early (stages 1 and 2) and
advanced (stages 3 and 4) DME was statistically
significant and substantial (p\ 0.0001). More-
over, the study reveals that baseline VA was less
predictive of treatment outcomes compared to
the stage of DME (Fig. 4). This observation was
further reinforced by the finding that the sub-
group of eyes with identical low baseline VA
B 0.3 decimal improved only in stages 1 and 2
but not in stage 3.

Fig. 2 Treatment patterns in diabetic macular edema. VEGF vascular endothelial growth factor
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CST as a Predictive Indicator

While baseline CST inversely correlates with
baseline VA (Fig. 5), the mean CST reduction in
each stage did not consistently predict func-
tional VA improvement. Specifically, stage 3
retinas displayed substantial CST improvement
(mean CST decreased by 138 lm, from 457 lm

to 319 lm, p\ 0.0001) without significant VA
enhancement, which improved only by 0.03
decimal. In contrast, stage 2 retinas showed a
modest CST improvement (mean CST decreased
by 116 lm, from 456 lm to 340 lm, p\0.0001)
and a more meaningful VA improvement of
0.15 decimal. These findings indicate that DME
stage more reliably predicts VA outcomes than

Fig. 3 Mean VA improvement after the loading phase, any therapy (a), and absolute mean VA improvement after the
loading phase, any therapy (b). VA visual acuity
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CST changes. Stage 1 retinas were excluded
from this comparison due to inherently lower
baseline CST values.

Functional Biomarkers: DRIL and EZ/ELM

The study further investigated the prognostic
utility of single retinal biomarkers, specifically

Fig. 4 VA improvement in the function of VA from
baseline (a), stratified by ESASO DME classification in
eyes with VA\ 0.3 decimal at baseline (b). DME diabetic

macular edema, ESASO European School of Advanced
Studies in Ophthalmology, VA visual acuity
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Table 3 Demographic and clinical characteristics by diabetic maculopathy stage

Stage 1
(n = 173)

Stage 2
(n = 280)

Stage 3
(n = 96)

Stage 4
(n = 11)

Overall
(N = 560)

Age (years)

Mean (SD) 66.6 (10.1) 65.9 (9.31) 68.6 (9.60) 73.0 (9.73) 66.7 (9.69)

Median [minimum,

maximum]

67.0 [40.0, 88.0] 67.0 [36.0, 88.0] 69.0 [39.0,

89.0]

74.0 [59.0,

85.0]

67.0 [36.0, 89.0]

Gender

Female 73 (42.2%) 89 (31.8%) 43 (44.8%) 6 (54.5%) 211 (37.7%)

Male 100 (57.8%) 191 (68.2%) 53 (55.2%) 5 (45.5%) 349 (62.3%)

Type of diabetes

Type 1 5 (2.9%) 9 (3.2%) 3 (3.1%) 0 (0%) 17 (3.0%)

Type 2 101 (58.4%) 159 (56.8%) 47 (49.0%) 7 (63.6%) 314 (56.1%)

Diabetes mellitus duration (years)

Mean (SD) 14.9 (9.69) 15.1 (8.91) 14.7 (10.0) 10.5 (8.58) 14.9 (9.23)

Median [min, max] 11.5 [1.00, 40.0] 13.0 [1.00, 40.0] 15.0 [1.00,

40.0]

10.5 [1.00,

20.0]

12.0 [1.00, 40.0]

DR severity

No DR 2 (1.2%) 2 (0.7%) 1 (1.0%) 0 (0%) 5 (0.9%)

NPDR mild 15 (8.7%) 21 (7.5%) 1 (1.0%) 0 (0%) 37 (6.6%)

NPDR moderate 23 (13.3%) 42 (15.0%) 9 (9.4%) 2 (18.2%) 76 (13.6%)

NPDR severe 18 (10.4%) 37 (13.2%) 12 (12.5%) 3 (27.3%) 70 (12.5%)

PDR (PRP) 7 (4.0%) 11 (3.9%) 7 (7.3%) 1 (9.1%) 26 (4.6%)

Naı̈ve

No 56 (32.4%) 119 (42.5%) 53 (55.2%) 4 (36.4%) 232 (41.4%)

Yes 117 (67.6%) 161 (57.5%) 43 (44.8%) 7 (63.6%) 328 (58.6%)

Previous treatments

Anti-VEGF 35 (20.2%) 73 (26.1%) 30 (31.3%) 3 (27.3%) 141 (25.2%)

Dexamethasone 7 (4.0%) 24 (8.6%) 14 (14.6%) 0 (0%) 45 (8.0%)

Laser 14 (8.1%) 22 (7.9%) 9 (9.4%) 1 (9.1%) 46 (8.2%)

DR diabetic retinopathy, NPDR non-proliferative diabetic retinopathy, PDR proliferative diabetic retinopathy, PRP pan-
retinal photocoagulation, SD standard deviation, VEGF vascular endothelial growth factor
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the disorganization of retinal inner layers
(DRIL) and the integrity of the EZ/ELM. These
biomarkers, however, exhibited less statistical
significance in predicting postoperative VA
when compared to the stage of DME.

DRIL was not consistently linked with post-
operative VA outcomes across all DME stages
(Fig. 6a). On the contrary, the presence of DRIL
at baseline did not limit a significant VA
improvement in stage 2 (an increase of 1.5 lines;
Fig. 6b), suggesting that DRIL is not a negative
prognostic indicator at this stage. In contrast,
stage 3 showed only limited VA recovery asso-
ciated with DRIL.

Regarding the impact of EZ/ELM damage on
VA recovery, Fig. 6c illustrates that initial dam-
age (grade 1/focal damage) did not preclude a
satisfactory VA improvement. Conversely, more
extensive damage (grade 2) was linked to poorer
VA outcomes. Specifically, stage 2 patients with
altered EZ/ELM at baseline experienced better
outcomes compared with those in stage 3, as
shown in Fig. 6d. Moreover, the absence of
outer retinal damage (EZ/ELM grade 0) was not
predictive of VA recovery in stage 3, reinforcing
the complex relationship between these
biomarkers and visual prognosis.

Influence of Previous Ophthalmic
Treatments

We found no significant difference in VA out-
comes between treatment-naı̈ve eyes and those
that had received prior treatments (Fig. 7).

Comparative Analysis of Different
Therapeutic Approaches

Although this retrospective study was not pri-
marily designed to compare the efficacy of the
different therapeutic agents used to treat DME
in the study population, the extensive
dataset allowed for some observations regarding
treatment choices across various DME stages.

Despite being considered as a second-line
therapy, steroids were frequently used as a pri-
mary treatment in 40% of cases, irrespective of
whether patients were treatment-naı̈ve or had
received prior treatments. Interestingly,

although steroids were administered also in
early-stage DME (stage 1), their usage was more
common in later stages (41% in stage 2 and 53%
in stage 3). This pattern may reflect a clinical
perception of a stronger efficacy of steroids in
more severe disease. Furthermore, comparisons
between anti-VEGF therapies and steroids
revealed no significant differences in outcomes,
with steroids achieving comparable results to
anti-VEGF after a single injection versus a
loading phase. This finding was consistent
across various anti-VEGF agents.

DISCUSSION

The concept of the neurovascular unit (NVU) is
crucial in diabetic retinopathy and DME, rec-
ognizing that damage within any NVU compo-
nent can impact the entire retinal structure and
affect the overall function of the retina. Con-
ventional clinical trial endpoints like visual
acuity (VA) and central subfield thickness (CST)
may not fully capture the early functional
changes or the disease’s later progression to
irreversible anatomical decline, and this high-
lights a gap in current clinical assessment
methods.

The ESASO classification system, by inte-
grating multiple biomarkers, provides a com-
prehensive view of the NVU, and enables the
categorization of DME progression into four
distinct stages. Our study reinforces the prog-
nostic value of this staged approach over iso-
lated biomarkers, and this underscores the need
to reevaluate the over-reliance on single
parameters for visual prognosis. The study
results show that low baseline VA is not, in
isolation, predictive of poor outcomes. Instead,
it shows that the predictive value of baseline VA
depends on the ESASO stage: similar VA values
at baseline were associated with significantly
different outcomes in eyes in stages 2 and 3.
Similarly, the presence of DRIL was not statis-
tically associated with a worse functional out-
come, although this finding may have been due
to OCT segmentation errors or the complexities
inherent in interpreting OCT images of inner
retinal segmentation. Similarly, focal areas of
loss of EZ/ELM integrity did not influence the
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Fig. 5 Correlation between ESASO DME stage and changes in CST at the end of follow-up. CST central subfield
thickness, DME diabetic macular edema, ESASO European School of Advanced Studies in Ophthalmology

Fig. 6 Absolute variation in VA in DRIL at baseline and in
DRIL at the end of the treatment period (a), stage 2 and in
stage 3 (b), VA in EZ/ELM Grade1 (n = 224), in EZ/

ELM grade 2 (c), and VA in stage 2 and stage 3. DRIL
disorganization of the inner retinal layers, EZ ellipsoid
zone, ELM external limiting membrane, VA visual acuity
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visual outcome in stage 2 eyes but only in stage
3 eyes.

Our data suggest that stages 1 and 2 of the
ESASO classification of DME represent a win-
dow where the pathology of the disease may
still be reversible and that stages 3 and 4 indi-
cate a disease state where irreversible anatomi-
cal damage has occurred. Although these
findings need to be confirmed by prospective
clinical studies, they appear to have an impor-
tant clinical relevance not only for daily clinical
practice but also for future clinical trials, possi-
bly generating a better understanding of the
agents under investigation, and avoid the con-
founding effect of a reduced treatment efficacy
in the more advanced, less responsive stages of
the disease.

In addition to the primary findings, this
study also sheds light on treatment preferences,
revealing that steroids, typically regarded as a
secondary option in the literature, are fre-
quently chosen as the primary treatment in
clinical practice in Italy. Our retrospective
analysis shows that steroids were used in
approximately 40% of cases, with their use
escalating as DME progressed, making them the
dominant treatment by stage 3. This trend was

observed in both treatment-naı̈ve and previ-
ously treated patients. Notably, our data indi-
cate no significant difference in outcomes
between steroid and anti-VEGF therapies fol-
lowing the initial treatment phase.

This study has limitations, including its ret-
rospective design, which may introduce selec-
tion and confirmation biases and limit causal
conclusions. Data derived from electronic
medical records may be incomplete or inaccu-
rately documented. Additionally, variations in
treatment application across multiple centers
could affect the results.

CONCLUSIONS

The study confirms that the ESASO classifica-
tion is a reliable predictor of therapeutic out-
comes in DME following intravitreal drug
therapy treatment. While OCT parameters offer
additional insights, the direct correlation of
ESASO stages with treatment response under-
scores its utility in clinical decision making.

Fig. 7 Absolute difference in (VA) according to stage and treatment naivety. VA visual acuity
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