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ABSTRACT

Introduction: The purpose of the study was to
evaluate the long-term anatomical and func-
tional outcomes in patients with diabetic mac-
ular edema (DME) treated with intravitreal
dexamethasone implant and to determine the
predictive factors for the final visual outcome.
Methods: The study included 54 patients with
DME refractory to previous antivascular
endothelial growth factor (anti-VEGF) who were
treated with intravitreal dexamethasone
implant. Predictive factors for visual outcome
were assessed. In addition, the change in
best-corrected visual acuity (BCVA) and the
percentage of patients with edema resolution
were evaluated.

Results: At the end of the 12-month follow-up,
patients with DME gained ? 5.2 letters (about 1
Snellen line), while 57.4% of patients presented
total resolution of macular edema. Negative
predictive factors for the final visual outcome
were found to be increasing age, increasing
macular thickness, phakic status, the presence
of intraretinal fluid, hyperreflective foci, hard
exudates, as well as external limiting membrane
and ellipsoid zone disruption. The mean num-
ber of injections was 2.1.
Conclusions: The various predictive factors
that determine the visual outcome and possibly
define patient prognosis after dexamethasone
intravitreal implant in DME cases have been
studied. The long follow-up showed that dex-
amethasone intravitreal implant seems to be a
safe and effective treatment for this disease,
requiring a limited number of injections.

Keywords: Diabetic macular edema;
Dexamethasone; Optical coherence
tomography; Predictive factors; Visual acuity

INTRODUCTION

Diabetic retinopathy (DR) is the leading cause of
visual impairment in working-age populations
in the developed world [1], while diabetic
macular edema (DME) is the most common
cause of vision loss in patients with DR, affect-
ing about 20% of patients with DR [2]. DME
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results from blood–retina barrier disruption as a
response to chronic hyperglycemia, leading to
vascular leakage, fluid accumulation, and mac-
ular thickening [3]. Furthermore, inflammation
seems to be implicated in the pathophysiology
of DME, since several cytokines and chemoki-
nes, such as vascular endothelial growth factor
(VEGF), tumor necrosis factor-a (TNF-a), inter-
cellular adhesion molecule-1 (ICAM-1), inter-
leukin-6 (IL-6), and monocyte chemotactic
protein-1 (MCP-1), have been found to be
overexpressed in DME, increasing vascular per-
meability and leukostasis and altering fluid
homeostasis within the neuroretinal tissue
[4–6].

For many years, standard care for DME was
focal/grid laser photocoagulation along with
medical control of diabetes mellitus, blood
pressure control, and lipid management [7].
Nowadays, the treatment of choice in DME is
intravitreal anti-VEGF agents, which have been
proven to be safe and effective at improving
visual acuity (VA) and reducing macular thick-
ness in patients with DME in large clinical trials
[8–11]. However, the need for frequent injec-
tions and the fact that some patients do not
respond to anti-VEGF agents mean that there is
an unmet need for additional treatment alter-
natives for patients with DME [9, 12]. Since
inflammation plays a significant role in the
pathogenesis of DME, intravitreal steroids have
been shown to be useful in the treatment of
DME, as they inhibit inflammation, leukostasis,
and phosphorylation of cell-junction proteins,
and they block the production of VEGF and
other inflammatory mediators in DME [13, 14].

Dexamethasone intravitreal implant (Ozur-
dex; Allergan Inc., Irvine, CA, USA) is a
biodegradable, sustained-release implant that
has been approved for the treatment of DME
based on a large phase III prospective study, the
MEAD study, which showed a significant
improvement in VA and macular edema after
3 years of follow-up in patients treated with
0.7 mg dexamethasone intravitreal implant
compared to a sham group [12]. However,
real-world patients are generally less healthy
and have potentially confounding comorbidi-
ties, and they are not selected based on strict
eligibility criteria, unlike patients in clinical

trials [15]. Therefore, observational studies of
the use of a treatment in clinical practice pro-
vide useful information regarding patterns of
use and the effectiveness of the treatment in a
real-life setting [15]. While studies have been
conducted to assess the use of dexamethasone
intravitreal implant for the treatment of DME,
they have mainly been retrospective, with lim-
ited follow-up [16–21].

In light of the above, the purpose of this
prospective study was to evaluate the effective-
ness and safety of dexamethasone intravitreal
implant in patients with DME in real-life clini-
cal practice with a long-term follow-up, and to
investigate the potential predictive factors of
the final visual outcome using multivariate
analysis.

METHODS

Participants in this prospective study were 54
patients (54 eyes) with DME refractory to pre-
vious treatment with anti-VEGF agents who
were treated with dexamethasone intravitreal
implant at three retina departments in Greece
between March 2015 and June 2016 and had at
least 12 months of follow-up. All procedures
followed were in accordance with the ethical
standards of the responsible committee on
human experimentation (institutional and
national) and with the Helsinki Declaration of
1964, as revised in 2013. Informed consent was
obtained from all patients before they were
included in the study.

All patients had DME (central subfield
thickness, CST[320 lm) and had previously
been treated with at least three intravitreal
anti-VEGF injections to the affected eye, which
then showed no response, defined as no
increase in VA and no reduction in CST. Previ-
ous anti-VEGF injections were administered on
a pro re nata (PRN) basis, according to specific
retreatment criteria, including loss of VA of
more than one Snellen line, increase in CST of
[50 lm, and presence of intraretinal (IRF)/sub-
retinal (SRF) fluid compared to the previous
visit. Patients with macular edema secondary to
a cause other than diabetes mellitus, macular
ischemia, a history of vitrectomy, intraocular
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surgery in the previous 6 months, a history of
systemic corticosteroids within 6 months before
baseline evaluation, uveitis, glaucoma or ocular
hypertension, dense cataract, and those lost to
follow-up were excluded from the study.

All participants received dexamethasone
intravitreal implant at baseline under a sterile
protocol that included the use of 5% povi-
done-iodine solution, topical anesthesia,
eyelid-speculum application, intravitreal injec-
tion of 0.7 mg dexamethasone implant via pars
plana in the inferotemporal quadrant at 4 mm
from the limbus in phakic eyes and 3.5 mm in
pseudophakic eyes, followed by postoperative
topical antibiotic eye drops. Re-injection was
performed 6 months after the first injection if
the patient experienced decreased vision and/or
an increase in CST secondary to recurrent/wors-
ening of DME, and at the clinician’s discretion.

We recorded demographic data, such as age,
gender, duration of diabetes mellitus, duration
of DME, HbA1c levels, DR status, previous
treatment, and other comorbidities. We also
documented the clinic-based best-corrected VA
(BCVA) measured by Snellen charts, the CST on
spectral domain optical coherence tomography
(SD-OCT; Spectralis HRA-OCT, Heidelberg
Engineering, Heidelberg, Germany), the pres-
ence of IRF, SRF, hyperreflective foci and hard
exudates, the status of the ellipsoid zone and
the external limiting membrane (ELM), the
presence of vitreomacular traction (VMT) and
an epiretinal membrane (ERM), as well as
intraocular pressure (IOP) at every monthly
visit. OCT scans were analyzed by two graders
who were not blinded to clinical data (IC, SK),
and the interobserver agreement was almost
perfect (k[0.80). At baseline, a fluorescein
angiogram (FA; Spectralis HRA-OCT, Heidelberg
Engineering) was also obtained to confirm the
diagnosis and evaluate macular ischemia.

Efficacy was measured using the mean
changes in BCVA and CST from the baseline, as
well as by calculating the percentages of
patients gaining C 5 letters, C 10 letters and
C 15 letters in VA and the percentage of those
with edema resolution at the end of the 12-
month follow-up. Safety was assessed by moni-
toring changes in IOP, the use of IOP-lowering
agents, the incidence rates of glaucoma and

cataract surgery, and investigator-reported
adverse events. In addition, predictive factors
for final visual outcome were evaluated, such as
age, gender, the duration of diabetes mellitus,
the duration of macular edema, HbA1c level,
the status of DR (nonproliferative or prolifera-
tive), the presence of hypertension and hyper-
lipidemia, any previous treatment, CST, the
presence of SRF, IRF, hyperreflective foci, and
hard exudates, the status of the ellipsoid zone
and the ELM, and the presence of VMT and an
ERM.

Statistical Analysis

To describe patient characteristics at baseline,
mean ± standard deviation (SD) values were
used for continuous variables and counts with
percentages for categorical variables. For longi-
tudinal comparisons of BCVA and CST between
the baseline and each time point, the Wilcoxon
matched-pairs signed-rank test was used; given
that ten comparisons were made, the level of
statistical significance was set at 0.05/5 = 0.01,
according to the Bonferroni correction. BCVA
was converted to ETDRS letters for statistical
purposes.

To assess factors that may determine the VA,
generalized least squares (GLS) random-effects
linear regression analysis was performed (this is
appropriate for longitudinal data given the
intercorrelation of observations in such data-
sets). BCVA was the dependent variable. The
aforementioned factors that were assessed as
potential predictors for visual acuity were set as
independent variables in models that were
always adjusted for time (in months). The beta
coefficients along with their 95% confidence
intervals (CIs) are provided in the manuscript.

Statistical analysis was performed using SPSS
22.0 (SPSS Inc, Chicago, IL, USA). A
p value\0.05 was considered to be statistically
significant, except in cases where the Bonfer-
roni correction was adopted, as declared above.

RESULTS

Table 1 shows the demographic and clinical
characteristics of our study sample. 54 patients
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with DME were included in the study. The
mean age of patients was 69.2 ± 7.6 years. 35
patients (64.8%) were male and 19 (35.2%) were
female. The mean duration of diabetes mellitus
was 15.9 ± 7.1 years, but all patients were rela-
tively well controlled with a mean HbA1c of
7.2 ± 0.6%. 46.3% of the patients had suffered
from DME for less than 6 months, while 53.7%
had DME for 6 months or more. Regarding
comorbidities, 88.9% and 44.4% of the patients
had hypertension and hyperlipidemia, respec-
tively. At baseline, 48 patients (88.9%) had
nonproliferative DR and 11.1% had prolifera-
tive DR that was previously treated with pan-
retinal photocoagulation. All patients were
previously treated for DME with anti-VEGF
agents, and some of them received additional
macular laser photocoagulation. Specifically,
85.2% of the patients had received previous
intravitreal ranibizumab injections and 13%
intravitreal aflibercept injections, while 13% of
the patients had additional focal/grid laser
photocoagulation. 74.1% of the patients were
pseudophakic, while 25.9% were phakic.

At baseline, the mean BCVA was 52.0 ± 13.4
ETDRS letters (20/80 Snellen). Figure 1 shows
the evolution of BCVA over time; it shows that
there was a statistically significant improve-
ment in BCVA between all time points and the
baseline (p\0.001). At the end of the 12-month
follow-up period, patients with DME who were
treated with dexamethasone intravitreal
implant gained ? 5.2 letters (about one Snellen
line). At month 12, 29 out of 54 patients
(53.7%) showed an improvement in BCVA.
Specifically, 53.7% gained C 5 letters, 29.6%
gained C 10 letters, and 14.8% gained C 15 let-
ters. 33.3% of the patients remained stable. On
the other hand, about 13.0% of the patients lost
vision at the end of the follow-up, as shown in
Fig. 2.

At baseline, the mean CST was
537.6 ± 174.9 lm. Figure 3 shows the evolution
of CST over time, illustrating that there was a
statistically significant reduction in CST at all
time points compared to the baseline (p\0.001
for all comparisons). At month 12, the CST was
significantly decreased by 181 lm, while the
maximum decrease in CST was observed at
month 1 (- 198 lm). At the end of the

Table 1 Demographic and clinical characteristics of our
study sample at baseline

Patients with diabetic macular
edema (n5 54)
Mean – standard deviation

Age (years) 69.2 ± 7.6

Duration of diabetes

mellitus (years)

15.9 ± 7.1

HbA1c (%) 7.2 ± 0.6

Best-corrected visual

acuity (letters)

52.0 ± 13.4

Best-corrected visual

acuity (Snellen)

20/80

Central retinal

thickness (lm)

537.6 ± 174.9

Intraocular pressure

(mmHg)

13.3 ± 1.4

N (%)

Gender

Male 35 (64.8)

Female 19 (35.2)

Lens status

Phakic 14 (25.9)

Pseudophakic 40 (74.1)

Diabetic retinopathy status

Nonproliferative 48 (88.9)

Proliferative 6 (11.1)

Hypertension 48 (88.9)

Hyperlipidaemia 24 (44.4)

Previous treatment

Intravitreal

ranibizumab

46 (85.2)

Intravitreal aflibercept 7 (13)

Focal/grid laser 7 (13)

Duration of macular edema

\ 6 months 25 (46.3)

C 6 months 29 (53.7)
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Fig. 1 Evolution of visual acuity in patients with diabetic macular edema over time

Fig. 2 Percentages of the patients who had gained or lost C 5, C 10, and C 15 letters at the 12-month follow-up
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12-month follow-up, 31 patients (57.4%) pre-
sented total resolution of macular edema (no
IRF/no SRF).

At baseline, none of the patients had macu-
lar ischemia, as these patients were excluded
from the study. The mean number of injections
was 2.1 ± 0.6 at the end of the follow-up.

The results of the GLS linear regression
analysis tha examined the factors associated
with final visual acuity (letters) are presented in
Table 2. Increasing age (coefficient = - 2.78,
95% CI = - 5.21 to - 1.13, p\0.001), increas-
ing CST (coefficient = - 5.23, 95% CI = - 7.93
to - 3.56, p\0.001), phakic status (coeffi-
cient = - 2.05, 95% CI = - 4.53 to + 0.15,
p = 0.043), presence of IRF (coefficient = - 3.46,
95% CI = - 5.63 to - 1.81, p B 0.001), hyper-
reflective foci (coefficient = - 6.02, 95%
CI = - 10.12 to - 2.21, p\0.001), hard exu-
dates (coefficient = - 6.23, 95% CI = - 9.13 to
- 2.82, p\0.001), ellipsoid zone disruption
(coefficient = - 3.15, 95% CI = - 4.73 to - 1.93,
p B 0.001), and ELM disruption

(coefficient = - 4.18, 95% CI = - 6.24 to - 2.73,
p B 0.001) were all significantly associated with
poorer VA. Final visual acuity was not associ-
ated with gender, hypertension, hyperlipi-
demia, DR status, duration of diabetes mellitus,
duration of macular edema, HbA1c levels, or the
presence of SRF, VMT, or an ERM.

As far as the complications are concerned, no
serious systemic side effects were reported from
any of the patients in the study. No throm-
boembolic or cardiovascular events were men-
tioned. In addition, there was no inflammatory
reaction, endophthalmitis, or retinal tears. One
patient (1.9%) had retinal detachment and
underwent pars plana vitrectomy with a good
visual outcome. Two out of 14 phakic patients
(14.3%) developed cataract within the
12-month follow-up period and were scheduled
for cataract surgery.

At baseline, IOP was 13.3 ± 1.4 mmHg; it
increased slightly at month 1, although the
change was not statistical significant
(15.2 ± 2.3, p = 0.047). The increase in IOP was

Fig. 3 Evolution of central subfield thickness in patients with diabetic macular edema over time
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transient and followed by a progressive decrease
with no antihypertensive ocular treatment.
Figure 4 shows the evolution of IOP during the
follow-up. There was no statistically significant
increase in IOP at month 12 compared to
baseline. Only 3 patients (5.6%) presented
IOP C 21 mmHg at month 1 and received
IOP-lowering drops. None of the patients
underwent glaucoma surgery to reduce the IOP
after injection. Figure 5 shows the evolution of
one particular patient over time.

DISCUSSION

The principal conclusion of this study is that
dexamethasone intravitreal implant appeared
to be safe and effective for the treatment of

DME based on a relatively long follow-up period
of 12 months in real-life clinical practice.
Specifically, there was a mean improvement in
BCVA of 5.2 letters at the end of the follow-up,
while 87% of the patients presented an
improvement in or a stabilization of VA. Total
resolution of macular edema was observed in
57.4% of the patients at month 12 with a mean
number of 2.1 injections. Furthermore, negative
predictive factors for the final visual outcome in
patients with DME that was treated with dex-
amethasone intravitreal implant were found to
be increasing age, increasing CST, phakic status,
presence of IRF, hyperreflective foci, hard exu-
dates, and the disruption of the ellipsoid zone
and ELM.

Our anatomical and functional results are in
agreement with those of previous studies

Table 2 Results of the generalized least squares linear regression analysis that examined the factors associated with visual
acuity (ETDRS letters). All models are adjusted for time (months)

Variable Category/increment Coefficient (95%CI) p value

Age Increase of 10 years - 2.78 (- 5.21 to - 1.13) < 0.001

Gender Male vs female ? 1.15 (- 0.83 to ? 2.19) 0.368

Hypertension Yes vs no - 2.11 (- 4.07 to ? 1.01) 0.454

Hyperlipidemia Yes vs no - 3.32 (- 6.48 to ? 1.54) 0.109

Lens status Phakic vs pseudophakic - 2.05 (- 4.53 to ? 0.15) 0.043

Diabetic retinopathy status Nonproliferative vs proliferative ? 2.09 (? 0.88 to ? 5.12) 0.311

Duration of diabetes mellitus 5 years increase - 3.18 (- 5.51 to ? 0.75) 0.289

Duration of macular edema C 6 months vs\6 months - 4.45 (- 6.09 to - 2.92) 0.083

HbA1c 1% increase - 3.39 (- 4.18 to - 2.83) 0.097

Central subfield thickness 100 lm increase - 5.23 (- 7.93 to - 3.56) < 0.001

Subretinal fluid Yes vs no - 1.73 (- 2.81 to - 0.65) 0.078

Intraretinal fluid Yes vs no - 3.46 (- 5.63 to - 1.81) < 0.001

Hyperreflective foci Yes vs no - 6.02 (- 10.12 to - 2.21) < 0.001

Hard exudates Yes vs no - 6.23 (- 9.13 to - 2.82) < 0.001

Ellipsoid zone disruption Yes vs no - 3.15 (- 4.73 to - 1.93) < 0.001

External limiting membrane disruption Yes vs no - 4.18 (- 6.24 to - 2.73) < 0.001

Vitreomacular traction Yes vs no - 1.03 (- 2.27 to - 0.65) 0.882

Epiretinal membrane Yes vs no - 1.36 (- 2.14 to - 0.09) 0.531

p values shown in boldface are\0.05 and therefore considered to indicate statistical significance
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evaluating the efficacy of dexamethasone
intravitreal implant in patients with DME based
on real-life data, which noted a sustained BCVA
and CST improvement without serious side
effects [16–24]. It is worth noting that the peak
efficacy of dexamethasone intravitreal implant,
which has been shown to occur between the
first and third months, correlates well with the
concentration of the drug, which peaks in the
vitreous at 2 months. The efficacy tends to
slowly decrease from month 4 to month 6,
when CST usually increases [16].

In our study, a significant improvement in
VA occurred in the first month and VA peaked
at month 3 after one injection, while CST was
markedly reduced at month 1 but gradually
increased until month 6, when another injec-
tion was performed. This observation suggests
that anatomically favorable results precede the
functional outcomes, which can probably be
attributed to the time needed to restore the
photoreceptors. An interesting finding was that

although the curves for BCVA and CST seemed
to be symmetric, there was no significant cor-
relation between them. Therefore, CST alone
cannot predict the visual prognosis, while
intraretinal alterations may explain this disso-
ciation. Specifically, we found that the presence
of IRF, hyperreflective foci, and hard exudates
along with increasing CST was associated with
unfavorable visual results. We hypothesize that
morphological changes at the microstructural
level from chronic and recurrent edema may
lead to irreversible damage to photoreceptors,
which is consistent with the fact that disruption
of the ellipsoid zone and ELM was associated
with poor visual acuity.

Furthermore, phakic lens status was found to
be associated with a poorer VA. Previous studies
found that the improvement in VA in patients
treated with dexamethasone intravitreal
implant was more prominent in pseudophakic
eyes, as there was no effect of the lens [24].
Therefore, the effectiveness of the

Fig. 4 Evolution over time of intraocular pressure in patients with diabetic macular edema that was treated with intravitreal
dexamethasone implant
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dexamethasone implant with respect to VA was
more reliably appreciated by pseudophakic
patients with DME.

Increasing age was also found to be a nega-
tive predictor for the final visual outcome in
patients with RVO in our study, potentially due

Fig. 5 a Spectral domain optical coherence tomography of
a 54-year-old male patient who presented with diabetic
macular edema and a visual acuity of 6/36 Snellen.
b Spectral domain optical coherence tomography of the
same patient after six ranibizumab injections, showing
persistence of macular edema. The visual acuity was 6/36
Snellen. Note the hyperreflective foci (white arrows), the

ellipsoid zone (orange arrow), and the external limiting
membrane (blue arrow) disruption. c Spectral domain
optical coherence tomography of the same patient after
two intravitreal dexamethasone implant injections (month
12), where absorption of macular edema and decreased
hyperreflective foci are apparent. The visual acuity was 6/9
Snellen

Diabetes Ther (2017) 8:1393–1404 1401



to age-related structural changes in the vessels
of patients [25], but further investigation is
needed to explain this phenomenon. On the
other hand, it is worth mentioning that there
was no association between the final visual
outcome and the systemic factors (hyperten-
sion, hyperlipidemia, DR status, HbA1c levels)
in our study. Thus, controlling these factors
may not affect the final visual acuity, but it may
protect from DR and DME progression, as was
observed in a recent study by Guigou et al. [22].
It is worth noting that in our study, the patients
were older than in the MEAD study. Moreover,
although the patients in our study were better
controlled than those in the MEAD study (who
had similar durations of diabetes), with a mean
HbA1c of 7.2 ± 0.6% in this study compared to
7.6 ± 1.2% in the MEAD study, there were also
proliferative DR cases in our study.

Corticosteroids have some side effects, such
as cataract development and increased IOP. In
our study, only 14.3% of the phakic patients
presented a cataract at the end of the follow-up
period, but it should be noted that cataracts
may also progress in patients with diabetes
mellitus due to the disease per se. A rise in IOP
was observed mainly at month 1 but it was
moderate, transient, and followed by a pro-
gressive decrease. Only 5.6% of the patients
presented IOP C 21 mmHg at month 1 and
received IOP-lowering drops, while no glau-
coma surgery was needed to control the IOP.
Another adverse event in our series was retinal
detachment in one patient (1.9%). This per-
centage is slightly higher than that for the
MEAD study (0.3%), but it should be noted that
this patient had myopia, which could be an
additional factor in retinal detachment.

A potential limitation of our study is the lack
of a control group, while treatment-naı̈ve
patients are not included in the study. More-
over, the nature of GLS regression models
inherently precluded the incorporation of the
baseline BCVA as a separate covariate in the
model; in this context, baseline values are sim-
ply predicted as linear combinations in the
respective equations (the values at other time
points are predicted in a similar manner),
assuming linearity during the study period.
However, the strengths of our study are the

relatively large sample size of patients with
macular edema due to DME and the long fol-
low-up period of 12 months. Furthermore, as we
used a spectral-domain OCT in our study, in
contrast to the time-domain OCT used in the
MEAD study (OCT 2 and 3), we were able to
evaluate retinal structures in more detail before
and after treatment, allowing us to identify
predictive factors for visual outcomes.

In conclusion, dexamethasone intravitreal
implant was found to be safe and effective for
the treatment of patients with DME. A remark-
able decrease in CST was observed at month 1,
followed by an improvement in VA, which also
depended mainly on intraretinal changes (IRF,
hyperreflective foci, hard exudates, condition of
the ellipsoid zone and ELM). The study popu-
lations in randomized controlled trials are typ-
ically carefully selected using strict eligibility
criteria. Therefore, the value of this type of
observational study is that the effectiveness of
treatment in real-life clinical practice is evalu-
ated, leading to similar anatomical and func-
tional results to those seen in previous
randomized clinical trials. In addition, it is
important to take the various predictive factors
into account and inform each patient about
their prognosis after treatment. Further studies
with a control group and a large sample size are
needed to validate our results and scrutinize the
use of dexamethasone intravitreal implant in
DME patients in everyday clinical practice.
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