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Abstract
Background/Objectives To investigate if the visual and anatomic response to the first dexamethasone implant (DEX)
predicts the 12-month clinical outcome after shifting to fluocinolone acetonide (FAc) implant in patients with diabetic
macular oedema (DMO).
Methods Retrospective cohort study including pseudophakic patients with previously treated DMO, undergone one or
more DEX injections before FAc. Functional and morphologic response to DEX was defined based on the best-
corrected visual acuity (BCVA) and central macular thickness (CMT) changes after the first DEX, respectively. Steroid-
response was defined as intraocular pressure (IOP) elevation ≥5 mmHg or IOP > 21 mmHg after any previous DEX expo-
sure. Pairwise comparisons for BCVA, CMT, and IOP after FAc were performed with linear mixed models and a repeated-
measure design.
Results Forty-four eyes of 33 patients were included. Patients were shifted to FAc after a mean ± standard deviation of 4.6 ±
3.2 DEX injections. Overall, BCVA and CMT improved during the first 12 months after switching to FAc (p= 0.04 and p <
0.001, respectively). Only eyes with a good morphologic response to DEX had a significant CMT reduction after FAc (p <
0.001), while no significant relationship was found between BCVA improvement after DEX and after FAc. IOP elevation
occurred in 9 eyes (20%) following DEX implant. These eyes carried a 20-fold increased risk of having an IOP rise after FAc
(p < 0.001), with a non-linear relationship between the IOP increase after DEX and the one after FAc.
Conclusion The response to previous DEX may anticipate the morphologic response to subsequent FAc. Eyes with steroid-
induced IOP elevation after DEX are at a high risk of IOP increase after FAc. The visual response after FAc was not associated
with the visual response to previous steroids, indicating that FAc may have a role also in patients refractory to DEX implant.

Introduction

Anti-vascular endothelial growth factor (VEGF) agents are
currently the first-line therapeutic approach for diabetic
macular oedema (DMO) [1]. In the subset of eyes not
responding to anti-VEGF [2] or in the presence of systemic
contraindications to anti-angiogenic treatment, a switch to
intravitreal corticosteroids is recommended [3].
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Two different steroidal drug-delivery systems (DDS) are
currently approved for DMO. The dexamethasone (DEX)
700 µg bioerodable implant (OZURDEX®; Allergan, Inc.,
Irvine, CA) has a high-rate drug release in the first
2 months, followed by a lower-dose release for 4 months
[4]. The fluocinolone acetonide (FAc) 0.19 mg non-
bioerodable implant (ILUVIEN®; Alimera Sciences, Inc.,
Alpharetta, GA, USA), by contrast, exhibits zero-order
release kinetics with a low-peak concentration and a steady-
state for 36 months.

FAc implant has been approved in Europe for DMO
unresponsive to previous agents; therefore, it represents a
second- or third-line therapy [5]. FAc implant yields good
visual and anatomical outcomes, regardless of the nature
and the number of previous DMO treatments administered
[6–8]. Intraocular pressure (IOP) rise and cataract worsen-
ing are the most common side effects of FAc. It is known
that the IOP response can be anticipated by the exposure to
previous steroids [9–11]. Nevertheless, it is still unknown
whether the clinical response to previous DEX predicts the
clinical outcome to FAc.

This study was designed to investigate whether the visual
and anatomic response to the first DEX implant predicts the
12-month clinical outcome after shifting to fluocinolone
acetonide (FAc) implant in patients with diabetic macular
oedema (DMO). The secondary aim was to examine the
IOP changes following FAc as a function of previous IOP
changes following DEX implant.

Methods

Retrospective study of patients who were switched to FAc
implant after at least one DEX injection at the Medical
Retina Unit of the Department of Ophthalmology, Ospedale
San Raffaele (Milan, Italy). The study followed the tenets of
the Declaration of Helsinki for research involving human
subjects and received the approval of the San Raffaele
Hospital IRB; all the subjects signed a written consent at the
time of FAc administration.

Electronic charts of all patients who underwent FAc
implant for DMO between July 2017 and April 2019 were
reviewed. As this was a retrospective study, switching cri-
teria were not set in advance, and the FAc implant was
administered according to the following general principles:
DMO with a suboptimal response to previous strategies
(focal/grid laser, anti-VEGF, or DEX); patient preference
for less intense injection schedule; or contraindications to
alternative treatments. All eyes were pseudophakic with no
history of progressing glaucoma or uncontrolled IOP, as per
the Italian reimbursement norms [12].

Inclusion criteria for this study were: (1) age ≥ 18 years;
(2) diagnosis of diabetes mellitus (DM), either type 1 or

type 2; (3) treatment with at least one DEX implant before
the first FAc injection; (4) minimum follow-up of
12 months after the first FAc injection. Exclusion criteria
were: (1) macular oedema secondary to causes other than
DMO; (2) corneal, lens, or vitreous opacity preventing
good-quality optical coherence tomography (OCT) during
the follow-up; (3) history of ocular trauma or surgery
≤6 months before FAc injection, (4) intravitreal anti-VEGF
(bevacizumab, ranibizumab, or aflibercept) <1 month or
DEX implant <4 months before FAc administration. For
patients with bilateral DMO, both eyes were included in the
study if all the inclusion and exclusion criteria were
fulfilled.

The baseline visit was set at the time of receiving the
FAc implant. Patients receiving FAc were followed every
two months to monitor the clinical response and potential
adverse events; the follow-up scheme was intensified if
deemed necessary by the clinician treating the patient. In the
case of non-resolving or recurrent DMO after FAc implant,
additional anti-VEGF injections were administered with a
pro-re-nata approach. In the case of IOP elevation judged
above target by the treating clinician, glaucoma treatment
was initiated.

At each visit, best-corrected visual acuity (BCVA)
measured on decimal charts, intraocular pressure (IOP)
measured by Goldmann applanation tonometry, and
spectral-domain OCT (SD-OCT) (Spectralis HRA,
Heidelberg Engineering; Heidelberg, Germany) were per-
formed. The BCVA was converted into LogMAR scale for
statistical calculations. Central macular thickness (CMT)
was obtained through 19 horizontal lines centered on the
fovea, each with 9 averaged OCT B-scans-1024 A-scans per
line at 240 μm intervals. The number of IOP-lowering
medications or procedures across the follow-up was
recorded.

At the baseline visit, two trained ophthalmologists (M.V.
C and L.C.) evaluated the following features on a horizontal
SD-OCT B-scan line passing through the fovea: (1) sub-
foveal disruption of the ellipsoid zone (EZ) and/or external
limiting membrane (ELM); (2) presence of disorganization
of the inner retinal layers (DRIL); (3) presence of epiretinal
membrane (ERM); (4) presence and number of hyper-
reflective intraretinal spots (HRS); and (4) presence of
neurosensory detachment (subfoveal fluid, SF). The EZ and
ELM were defined as disrupted or absent if partially
or completely interrupted, respectively [13]. DRIL was
defined as loss of clear demarcation between the
ganglion cell–inner plexiform layer complex, the inner
nuclear layer, and the outer plexiform layer. HRS were
manually counted and a cut-off of 20 was arbitrarily set
[14]. As all eyes presented intraretinal fluid at the time of
FAc injection, this parameter was not considered in further
analysis.
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Patients’ group classification

The first DEX injection was used as a reference to evaluate
the functional and the anatomic response, while any DEX
injection was considered to evaluate the steroid-induced
IOP elevation. A classification regression tree (CART) was
used to find the best cut-off to predict the 12-month BCVA
and CMT values as a function of the visual and anatomic
changes occurring after the first DEX injection, respec-
tively. The CART algorithm is a binary recursive tree
structure that divides the parent nodes (all data) into two
child nodes while searching for all possible variables and all
possible values to find the best split [15]. A similar
approach was used to identify the best cut-off predicting the
IOP response after FAc.

● Good functional response was defined as at least 0.22
LogMAR improvement in BCVA recorded 1 month
after the first DEX implant injection.

● Good morphologic response was defined as at least 95-
μm decrease in CMT 1 month after the first DEX
implant injection.

● Steroid-induced IOP elevation (steroid-response) was
defined as at least a 5-mmHg increase in IOP or IOP >
21 mmHg recorded after any intravitreal DEX implant.

All analyses were repeated with an alternative definition
of morphologic response, with patients divided in good and
poor responders whether CMT decreased by ≥10% and
<10% following DEX implant, respectively [16].

Statistical analysis

Statistical calculations were performed with the open-source
programming language R [17]. Descriptive statistics were
reported as mean ± standard deviation [SD] for continuous
variables or frequency and percentage for categorical vari-
ables. The last observation carried forward method was
used to impute missing data.

Generalized mixed models were fitted to compare the
baseline demographic and clinical variables between
patients according to their response (good vs. poor) to
previous DEX. To evaluate the visual and morphologic
response to FAc, a repeated-measure design was applied,
where the various time points and group effect (functional
or morphological response to the first DEX, respectively)
were included as fixed factors and the random effect had a
nested structure, with the patient and eye identification
numbers being the outer and inner levels, respectively, to
account for within-subject (two eyes of the same patient)
and within-eye (multiple observations from the same eye)
correlations. A similar analysis was run to investigate the
IOP response. Pairwise comparisons of BCVA, CMT, and

IOP between each pair of time points within the model
were investigated, applying a Tukey correction for mul-
tiple contrasts. The increase in IOP after DEX was cor-
related with the increase in IOP after FAc with Pearson’s
correlation test. The effects of being steroid-responder to
DEX on the risk of IOP increase and the chance of being
treated with IOP-lowering medications or procedures in
the first year after FAc injection were studied with logistic
mixed model, accounting for the patient ID as a random
effect.

The cutoff point for statistical significance was set at
p < 0.05.

Results

Forty-four eyes of 33 patients were included in the study.
Patients were shifted to FAc after a mean of 4.6 ± 3.2 DEX
injections. Mean follow-up after FAc injection was 14 ±
1.2 months; all the eyes received only one FAc implant.
Main demographic and baseline clinical features are listed
in Table 1.

Nine eyes (20%) of 9 patients had a good functional
outcome after the first DEX; good visual responders had a
slightly longer duration of DMO (p= 0.04) and were more
likely to have previously undergone focal laser (p < 0.001)
than poor visual responders. Twenty-nine eyes (66%) of 22
patients had a good morphologic response; a greater pro-
portion of eyes with good morphologic response had DRIL
(p < 0.001) and EZ/ELM disruption (p < 0.001) on SD-
OCT. The good morphologic responders’ group had a
minor rate of self-reported systemic hypertension (p <
0.001) and type 1 diabetes (p= 0.04). There was also a
greater proportion of eyes with NPDR (p= 0.8), previous
vitrectomy (p= 0.8), and peripheral (p= 0.5) and macular
laser (p= 0.4) among good morphologic responders; how-
ever, these differences were non-significant compared to
poor morphologic DEX responders.

No difference was found between good and poor
responders to the first DEX in terms of the number of
intravitreal DEX injections administered before shifting to
FAc (p= 0.8 and p= 0.4 for the visual and the morphologic
response, respectively).

Visual and morphologic response to DEX implant

The BCVA before the first DEX was significantly worse in
good responders compared to poor responders (0.96 ± 0.48
vs. 0.57 ± 0.43 LogMAR, p= 0.02) (Table 2). Overall,
BCVA improved by 0.09 ± 0.2 LogMAR one month after
the first DEX implant injection, with good responders
having greater improvement than poor responders (0.38 ±
0.22 vs. −0.01 ± 0.09 LogMAR, p < 0.001). Pre-DEX
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Table 1 Baseline demographic and clinical characteristics of included patients and comparison between eyes stratified on their functional and
anatomic outcome to first dexamethasone (DEX).

Functional outcome Morphologic outcome

All Good
response

Poor response Good
response

Poor response

Eyes (patients) 44 (33) 9 (9) 35 (24) 29 (22) 15 (11)

Age (years) 68.8 ± 9.7 67.4 ± 10.2 69.2 ± 9.7 68.1 ± 10.1 70.1 ± 9.2

p value 0.9 0.9

Gender:

• Male (%) 26 (59) 6 (67) 20 (57) 17 (59) 9 (60)

• Female (%) 18 (41) 3 (33) 15 (43) 12 (41) 6 (40)

p value 0.9 0.9

Ethnicity:

• Caucasian (%) 94 (100%)

Type of DM

• Type 1 (%) 12 (27) 3 (33) 9 (26) 10 (34) 2 (13)

• Type 2 (%) 32 (73) 6 (67) 26 (74) 19 (66) 13 (87)

p value 0.9 0.04a

Duration of DM (years) 19.9 ± 13.6 18.7 ± 14.2 24 ± 13.2 20.4 ± 13.8 18.8 ± 13.7

p value 0.08 0.3

Hypertension:

• No (%) 18 (41) 4 (44) 14 (40) 16 (55) 2 (13)

• Yes (%) 26 (59) 5 (56) 21 (60) 13 (45) 13 (87)

p value 0.9 <0.001a

Duration of DMO (months) 65.2 ± 22.2 79.7 ± 24.2 61.4 ± 20.3 67.3 ± 21.2 61.2 ± 24.2

p value 0.04a 0.5

HbA1c (%) 6.9 ± 0.8 7.3 ± 0.9 6.9 ± 0.7 7 ± 0.7 7.1 ± 1

p value 0.7 0.8

Stage of DR

• NPDR (%) 27 (61) 7 (78) 20 (57) 19 (66) 8 (53)

• PDR (%) 17 (39) 2 (22) 15 (43) 10 (34) 7 (47)

p value 0.8 0.8

Prior vitrectomy:

• No (%) 38 (86) 7 (78) 31 (89) 24 (83) 14 (93)

• Yes (%) 6 (14) 2 (22) 4 (11) 5 (17) 1 (7)

p value 0.9 0.8

Prior PRP:

• No (%) 21 (48) 5 (56) 16 (46) 12 (41) 9 (60)

• Yes (%) 23 (52) 4 (44) 19 (54) 17 (59) 6 (40)

p value 0.9 0.5

Previous focal laser:

• No (%) 24 (55) 3 (33) 21 (60) 13 (45) 11 (73)

• Yes (%) 20 (45) 6 (67) 14 (40) 16 (55) 4 (27)

p value <0.001a 0.4

Previous anti-VEGF:

• No (%) 9 (20) 2 (22) 7 (23) 5 (17) 4 (27)

• Yes (%) 35 (80) 7 (78) 28 (77) 24 (83) 11 (73)
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CMT was significantly greater in good responders
than poor responders (593.8 ± 135.5 vs. 431.9 ± 126 μm,
p= 0.002). Overall, mean CMT decreased by 192.6 ±
150.7 μm; good responders had greater CMT reduction
compared to poor responders (270.8 ± 122 vs. 41.5 ± 54.6
μm, p < 0.001).

Visual and morphologic response to FAc implant

Overall, BCVA and CMT values significantly improved
during the first 12 months after switching to long-term
steroids (p= 0.04 and p < 0.001, respectively). At
the 12 month post-FAc visit, poor responder had slightly
worse BCVA compared to good reponders, albeit the dif-
ference between the two groups was non-significant (p =
0.9). Within each group, the BCVA did not sig-
nificantly change during the follow-up (Supplementary
Table 1A). Conversely, the CMT after FAc significantly
decreased in eyes that had a good morphologic response to
DEX (at 2, 4, 6, 8, 10, and 12 months, p < 0.001, Supple-
mentary Table 1B) but not in eyes who were poor respon-
ders to the first DEX injection. Similar results were obtained

by dividing the morphologic response to DEX between
patients who had ≥10% reduction in baseline CMT after the
first injection and those who had <10% reduction in base-
line CMT after the first injection (Supplementary Fig. 1).

Eleven eyes (25%) underwent additional anti-VEGF in
the first year after FAc implant injection, with a mean of 1.5
± 0.8 doses of anti-VEGF administered. The proportion
of patients receiving additional treatments was not
different between good and poor visual responders to
DEX (33% vs. 23%, respectively; p= 0.8). On the other
hand, a greater proportion of poor morphologic responders
to DEX underwent supplemental anti-VEGF injections
compared to good morphologic responders (34% vs. 20%,
p= 0.006).

Safety

IOP elevation following any DEX injection occurred in 9
eyes (20%) of 8 patients. Pre-DEX IOP values did not differ
significantly between patients with and without subsequent
steroid-induced IOP elevation (p= 0.9). The mean
IOP increase after DEX was 8.7 ± 1.9 mmHg in

Table 1 (continued)

Functional outcome Morphologic outcome

All Good
response

Poor response Good
response

Poor response

p value 0.5 0.5

Number of previous anti-
VEGF

7.9 ± 9.3 6.3 ± 3.4 8.3 ± 10.3 7.7 ± 8.6 8.4 ± 11.3

p value 0.9 0.4

Number of previous DEX 4.6 ± 3.2 4.7 ± 3.3 4.6 ± 3.2 4.9 ± 3.4 4 ± 2.8

p value 0.8 0.4

OCT features

HRS (%) 38 (86) 7 (78) 31 (86) 26 (90) 12 (80)

p value 0.9 0.7

ERM (%) 20 (45) 4 (44) 16 (46) 16 (55) 4 (27)

p value 0.9 0.2

DRIL (%) 3 (7) 2 (22) 1 (3) 3 (10) 0 (0)

p value 0.8 <0.001a

SF (%) 7 (17) 2 (22) 7 (35) 5 (17) 4 (27)

p value 0.9 0.9

EZ/ELM status:

• Disrupted (%) 21 (50) 4 (44) 17 (49) 16 (55) 5 (33)

• Absent (%) 7 (17) 2 (22) 5 (14) 7 (24) 0 (0)

p value 0.6 <0.001a

DM diabetes mellitus, DR diabetic retinopathy, NPDR non-proliferative diabetic retinopathy, PDR proliferative diabetic retinopathy, DMO diabetic
macular oedema, PRP panretinal photocoagulation, VEGF vascular endothelial growth factor, OCT optical coherence tomography, HRS
hyperreflective spots, ERM epiretinal membrane, DRIL disorganization of the inner retinal layers, SF subretinal fluid, EZ/ELM ellipsoid zone/
external limiting membrane.
aStatistically significant value.
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steroid-responders and 1 ± 1.6 mmHg in non steroid-
responders (p < 0.001); all eyes returned to their pre-DEX
IOP values before receiving FAc (Fig. 1C).

Overall, the IOP increased by 3.7 ± 6.2 mmHg 12 months
after FAc, and the magnitude of increase was greater
in those who had an IOP-related event after DEX (8.6 ±
5.3 mmHg vs. 2.5 ± 5.9 mmHg, p= 0.03)(Fig. 2A). After
switching to FAc, 12 eyes (27%) had an IOP > 21 mmHg.
Of note, 5 eyes (11%) had steroid-induced IOP elevation to
FAc in the absence of any previous steroid-response
to DEX.

The increase in IOP after long-term steroidal implant
correlated with the mean increase in IOP after DEX
(Pearson r= 0.29, p= 0.04), but the visual inspection of the
bivariate plot suggested a non-linear relationship between
the two variables. Graphically, the curve changed its slope
at 5 mmHg on the x-axis (delta IOP after DEX)(Fig. 2B).

Before FAc injection, 4 eyes (9%) and 2 (5%) eyes were
treated with one and two anti-glaucoma medications,
respectively. At 12 months, 2 eyes (5%) were taking one
medication, 8 eyes (18%) took 2 meds, 3 eyes (7%) 3 meds,
and 2 eyes (4%) four meds (Fig. 2A). One eye (2%)

Table 2 Best-corrected visual
acuity (BCVA), central macular
thickness (CMT), and
intraocular pressure (IOP)
dividing eyes according to their
functional, morphologic and
IOP response to
dexamethasone (DEX).

All Good response Poor response p value

Functional outcome

BCVA (LogMAR)

Pre DEX 0.65 ± 0.46 0.96 ± 0.48 0.57 ± 0.43 0.02*

Post DEX 0.56 ± 0.45 0.56 ± 0.41 0.55 ± 0.46 0.7

Baseline 0.58 ± 0.44 0.66 ± 0.43 0.56 ± 0.45 0.9

2 months 0.51 ± 0.42 0.57 ± 0.42 0.50 ± 0.43 0.9

4 months 0.50 ± 0.40 0.58 ± 0.41 0.48 ± 0.40 0.9

6 months 0.46 ± 0.35 0.59 ± 0.41 0.43 ± 0.33 0.9

8 months 0.44 ± 0.33 0.62 ± 0.42 0.39 ± 0.30 0.9

10 months 0.44 ± 0.39 0.60 ± 0.42 0.39 ± 0.37 0.9

12 months 0.50 ± 0.43 0.78 ± 0.51 0.41 ± 0.36 0.9

Morphologic outcome

CMT (μm)

Pre DEX 538.6 ± 152.2 593.8 ± 135.5 431.9 ± 126 0.002*

Post DEX 346 ± 112.1 323.1 ± 101.8 390.4 ± 121.1 0.07

Baseline 478 ± 151.4 500.9 ± 164.2 439.5 ± 117.4 0.9

2 months 397.1 ± 133 400.9 ± 150.8 390.6 ± 99.4 0.9

4 months 374.3 ± 136.5 370.7 ± 152.9 380.7 ± 107 0.9

6 months 359 ± 134.1 352.4 ± 146.1 372.1 ± 110.1 0.9

8 months 368.8 ± 144.8 363.4 ± 156.1 379.6 ± 124.4 0.9

10 months 347.6 ± 125.9 334.6 ± 133.4 368.6 ± 114.9 0.9

12 months 335.2 ± 120.7 399.8 ± 166.2 386.4 ± 121.2 0.9

IOP outcome

All Steroid-responder Non steroid-responder p value

IOP (mmHg)

Pre DEX 14 ± 2.4 13.6 ± 2.5 14.1 ± 2.4 0.9

Post DEX 16.5 ± 4 22.2 ± 2.9 15 ± 2.6 <0.001*

Baseline 14.7 ± 2.1 15.2 ± 0.8 14.5 ± 2.3 0.9

2 months 15.8 ± 2.5 17.2 ± 2.1 15.4 ± 2.5 0.9

4 months 16.3 ± 3.6 17.7 ± 5.1 16 ± 3.2 0.9

6 months 17.2 ± 5 21.3 ± 7 16.1 ± 3.8 0.3

8 months 16.9 ± 4.8 20.8 ± 6.5 15.9 ± 3.7 0.02a

10 months 17.4 ± 5.6 23.8 ± 7.4 15.7 ± 3.6 0.002a

12 months 18.4 ± 6.4 23.8 ± 5.7 17.1 ± 5.9 <0.001a

Means and standard deviation (SD) are presented.
aStatistically significant value.in the footnote
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underwent laser trabeculoplasty, and two eyes (5%)
underwent surgical trabeculectomy. Eyes with previous
steroid-induced IOP increase after previous DEX had
markedly increased risk of having an IOP rise of at least
5 mmHg after FAc (OR= 19.8, 95% CI= 10.1–44.6, p <
0.001) and being under IOP-lowering treatment (OR=
11.8, 95% CI= 2.33–90.3, p= 0.006). No significant
association between steroid-induced IOP increase
after previous DEX and likelihood of undergoing
glaucoma laser or surgical treatment was found (OR= 9.7,
95% CI= 0.8–227 p= 0.05), however, this specific analy-
sis was greatly underpowered because of the small
number of patients requiting glaucoma laser or surgical
treatment.

Discussion

In our study, we found that the morphologic changes
occurring after FAc were predicted by looking back to the
first injection of DEX intravitreal implant.
Specifically, patients with a greater macular thinning
after DEX (i.e., ≥95 µm CMT reduction on SD-OCT) had a

greater CMT reduction in the first year post-FAc injection.
Conversely, eyes with poor morphologic response to the
first DEX (i.e., <95 µm reduction in DMO or increased fluid
on SD-OCT) experienced a non-significant change in the
CMT values after switching to FAc. Patients who had
steroid-induced IOP elevation after DEX (i.e., at least a
5-mmHg increase in IOP or IOP > 21 mmHg) were more
likely to have IOP elevation at 12 months after FAc. There
was a non-linear relationship between IOP spike after DEX
and IOP increase after FAc . The visual response after FAc
was not associated with the functional response to previous
steroids, indicating that FAc may have a role also in patients
refractory to DEX implant.

The efficacy of FAc in terms of visual function and
anatomic improvement has been reported in randomized
clinical trials [18, 19] and real-life studies [7, 9–11, 20–24].
Our cohort experienced sustained visual and morphologic
improvement at one-year follow-up, with positive effects in
eyes previously unresponsive or only partially responding
to one or repeated DEX. We hypothesize that the difference
in the pharmacokinetics of the two implants may account
for this dissimilar behavior. In detail, the continuous release
of a lower amount of FAc over a longer period may be more

Fig. 1 Functional, morphologic, and intraocular pressure (IOP)
changes after long-term intravitreal steroids stratifying eyes on the
basis of the response to dexamethasone (DEX) implant. For group
definition, refer to the methods. A Boxplots illustrating the changes
in best-corrected visual acuity (BCVA) before and after DEX and up
to 12 months after fluocinolone acetonide (FAc) implant. B Boxplots
illustrating the changes in central macular thickness (CMT) before and

after DEX and after FAc implant. C Boxplots illustrating the changes
in IOP before and after DEX and up to 12 months after FAc implant.
The bold horizontal line inside the box represents the median; the
upper and the lower box limit represent the first and the third quartile,
respectively. Outliers are plotted as individual points. For quantitative
cut-offs refer to the methods section.
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suitable to subside the local inflammatory milieu
occurring in DMO [25]. Previous studies have shown that
FAc implant causes less CMT fluctuation [26, 27], com-
pared to the classic saw-tooth pattern seen after
DEX [28, 29].

Patients undergoing FAc have usually received multiple
treatments for DMO, including focal laser, anti-VEGF
agents, and intravitreal steroids [9, 10, 19–21, 24]. Rehak
et al. showed that eyes previously treated with DEX implant
experienced similar outcomes after FAc injection to those
shifted directly from anti-VEGF agents [6]. The authors
concluded that switching from anti-VEGF straight to
FAc might reduce the global treatment burden. Our
study showed that a trial with DEX after an unsatisfactory
course of anti-VEGF agents could help to some extent in
predicting the clinical outcome after FAc. Our group pre-
viously demonstrated that a poor response to the anti-
VEGF monthly loading dose might foresee the need of
switching to intravitreal corticosteroids [2]. Subsequent
real-life studies have conjectured that early switch in DMO
eyes with insufficient response to anti-VEGF therapy may
lead to better therapeutic results compared to patients
maintained on anti-angiogenic agents [2, 30]. The present
data showed that patients with a greater retinal thinning
after exposure to DEX had a better response to the long-

term steroidal implant. We cannot exclude that other base-
line anatomic factors may contribute to determining the
differential response to long-term intravitreal steroids,
including the baseline CMT. However, the differential
morphologic outcome of these patients one year after
FAc might further support the existence of two different
subsets of DMO, being one more inflammatory than
the other [25].

Patients with a poor anatomic response after exposure to
DEX had a higher proportion of systemic hypertension
and PDR. Systemic hypertension has been recognized as a
risk factor for macular oedema in patients with diabetes;
[31, 32] our data suggest a worse anatomic response to
intravitreal therapies in patients with high blood pressure.
On the other hand, in the setting of PDR, higher intravitreal
and intraretinal levels of VEGF may maintain macular
oedema, reducing the efficacy of any given anti-DMO
treatment. A higher figure of DEX-responding patients had
previously undergone vitrectomy, which might suggest
more inflammatory DMO pathogenesis in eyes that under-
went intraocular surgery [33]. Finally, 10% of DEX
responders showed indirect signs of macular ischemia
(DRIL) [34] and nearly 80% had outer retinal disruption on
SD-OCT, leading to a thinner retina when macular oedema
resolved.

Fig. 2 Intraocular pressure (IOP) changes after long-term intra-
vitreal steroids (fluocinolone acetonide, FA) stratifying eyes on the
basis of the response to short-term (dexamethasone, DEX) expo-
sure. A Upper panel: Spaghetti plot exploring the longitudinal changes
in IOP after receiving the FAc implant. Patients were divided into
steroid-responders (i.e., experiencing at least 5 mmHg increase in IOP
or IOP > 21 mmHg after any previous DEX implant injection) and non

steroid-responders. Lower panel: Bar plot indicating the number of
IOP-lowering medications prescribed to patients before DEX, after
DEX, and one year after FAc implant injection. B Correlation between
the relative increase in IOP after DEX and the relative increase in
IOP after FAc. A non-linear relationship was clear after a cut-off value
of 5 mmHg for delta IOP increase after DEX.
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Our study showed that eyes with a good visual response
to the first DEX did not experience greater functional
changes after switching to FAc. In fact, the relationship
between the visual acuity and baseline characteristics in
diabetic eyes is complex and not fully understood. Older
age, glycaemic control, the severity of DR, the duration and
the extent of DMO, and the baseline visual function may all
affect the final visual outcome [35]. Data from randomized
clinical trials using anti-VEGF demonstrated that patients
with high baseline BCVA generally achieve the highest
visual acuity at the study endpoint. Conversely, patients
with poor initial BCVA experience worse clinical out-
comes, despite relatively higher visual gains after treat-
ment [36]. In light of these considerations, we recommend
considering FAc even in patients refractory to DEX
implant.

Our study confirms the utility of a steroid challenge to
assess the risk of a steroid-response to FAc injection;
however, we learnt from our data that the IOP response to
DEX -although indicative- did not fully predict the IOP
changes after FAc. In our cohort, the number of eyes
experiencing an IOP-related adverse event (27%) was
slightly lower compared to the FAME trial [37], and more
similar to real-life registries [9, 10]. Eyes that had a prior
steroid-induced IOP elevation had a higher chance to
experience IOP elevation after FAc, in accordance with the
Medisoft audit [9] and the USER study [11]. The relative
increase in IOP after FAc showed a non-linear relationship
with the IOP increase after DEX. A qualitative inspection
of the IOP curve showed that the curve changed its slope at
5 mmHg, suggesting that it might be a possible cut-off to
predict the IOP response after FAc (Fig. 2B). Nevertheless,
we did not perform a formal statistical analysis to
identify the best IOP value discriminating steroid-
responders from non steroid-responders. Noteworthily, an
IOP-related adverse event was recorded in 5 patients with
no previous history of steroid-response; this might be
explained either as a delayed steroid-response (as pre-
viously described after repeated DEX injections) [38] or
might suggest differences in the pharmacodynamic of the
two steroidal molecules at the level of the trabecular
meshwork [39].

Limitations of this study include the short follow-up and
the analysis after the first injection of DEX implant only. As
a consequence, the study does not account for patients who
had a delayed effect to intravitreal DEX implant, as well as
late steroid-response after cumulative exposure to intravi-
treal steroids. Being a retrospective data collection, we had
a complete case analysis only after the first DEX injection,
while the data were fragmented afterwards. We did not
include information regarding the perfusion state of the
macula and its relationship with the response to the FAc
implant. Although useful for this task, OCT angiography

does not represent the standard of care for following DMO,
and the included eyes did not have serial OCT angiography
exams before DEX and FAc, respectively. As we do not
have any control group and we run the analyses on non-
random samples (i.e., good responders, poor responders),
this study is potentially vulnerable to regression to
the mean.

In conclusion, a good morphologic response to previous
DEX predicted a greater anatomic improvement after shifting
to the FAc implant. The functional response to previous
steroids was not associated with the final visual outcomes,
indicating that FAc still have a role in patients refractory to
DEX implant. More aggressive anti-glaucomatous treatments
after the FAc injection should be anticipated eyes who had a
steroid-response after DEX, but IOP-related adverse events
also occurred in eyes with no previous steroid response.

What was known before

● FAc implant has been approved in Europe for DMO
unresponsive to previous agents.

● FAc implant yields good visual and anatomical out-
comes, regardless of the nature and the number of
previous DMO treatments.

● The IOP response can be anticipated by the exposure to
previous steroids.

What this study adds

● The anatomic outcome to FAc implant can be predicted
by the anatomic response to the first DEX.

● The intraocular pressure increase after FAc is non-
linearly related to the IOP increase after DEX.
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