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Purpose: To investigate efficacy and safety of repeated dexamethasone (DEX) implants over
24 months, in diabetic macular edema (DME) eyes that were treatment naive compared with
eyes refractory to anti-vascular endothelial growth factor treatment, in a real-life environment.

Methods: This multicenter international retrospective study assessed best-corrected
visual acuity and central subfield thickness (CST) of naive and refractory eyes to anti-
vascular endothelial growth factor injections treated with dexamethasone implants. Safety
data (intraocular pressure rise and cataract surgery) were recorded.

Results: A total of 130 eyes from 125 patients were included. Baseline best-corrected
visual acuity and CST were similar for naive (n = 71) and refractory eyes (n = 59). Both
groups improved significantly in vision after 24 months (P , 0.001). However, naive eyes
gained statistically significantly more vision than refractory eyes (+11.3 ± 10.0 vs. 7.3 ± 2.7
letters, P = 0.01) and were more likely to gain $10 letters (OR 3.31, 95% CI 1.19–9.24, P =
0.02). At 6, 12, and 24 months, CST was significantly decreased compared with baseline in
both naive and refractory eyes; however, CST was higher in refractory eyes than in naive
eyes (CST 279 ± 61 vs. 313 ± 125 mm, P = 0.10).

Conclusion: Over a follow-up of 24 months, vision improved in diabetic macular edema
eyes after treatment with dexamethasone implants, both in eyes that were treatment naive
and eyes refractory to anti-vascular endothelial growth factor treatment; however,
improvement was greater in naive eyes.
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Diabetes mellitus is a major health care concern in
people of working age. Worldwide, about 93 mil-

lion are estimated to have diabetic retinopathy.1 Vision
loss associated with diabetic retinopathy is most com-
monly caused by diabetic macular edema (DME),
which affects about 7% of all diabetic patients.2,3

Laser photocoagulation, the standard of care of DME
for decades, mainly prevented vision loss but infre-
quently improved visual acuity.4 Anti-vascular endo-
thelial growth factor (anti-VEGF) injections are
generally considered as first-line therapy for center-

involved DME and are effective in improving visual
acuity. The best visual outcome was reached with
monthly ranibizumab injections in the RISE and RIDE
trials, and with monthly or bimonthly aflibercept injec-
tions in the VISTA and VIVID trials; 41% to 45% of
patients in those studies gained $3 lines of best-
corrected visual acuity (BCVA).5 In contrast, with
a pro re nata (PRN) regimen, fewer patients achieved
significant improvement in vision (23% in the
RESTORE trial6 and 32% in the RESOLVE trial7). Re-
sults from real-life studies are even more disappointing.
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Recent reports reveal that the actual number of anti-
VEGF injections administered and the proportion of pa-
tients achieving significant BCVA gain are lower and
not comparable to those reported in randomized con-
trolled trials.8,9 Moreover, a considerable proportion of
patients do not respond satisfactorily to anti-VEGF
agents, even with intensive treatment over the first
year.5,10–12 Dexamethasone (DEX) intravitreal implant
0.7 mg (Ozurdex; Allergan, Inc, Irvine, CA) has dem-
onstrated efficacy in DME, as evidenced by improve-
ment in visual acuity and reduction in retinal
thickness,13,14 even in DME eyes that are refractory to
anti-VEGF treatments.15–17

However, differences in baseline characteristics
between randomized controlled trials and real-life
conditions challenge the applicability of the results
of such trials to daily practice.18 Furthermore, intervals
between evaluations for re-treatments were set at 6
months in the MEAD trial, whereas treatment fre-
quency may be set at shorter intervals in real life.
Several relatively large-scale studies have been pub-
lished about the use of DEX implants in eyes with
DME in real-life conditions.17,19–22 However, infor-
mation about the efficacy of DEX implants in naive
DME is scarce. Previous reports about the use of

DEX in naive compared with refractory cases were
of short follow-up and included only small numbers
of patients.13,22–26

The purpose of this study was to investigate the
efficacy and safety of repeated DEX implants in the
treatment of DME in naive eyes compared with eyes
refractory to repeated anti-VEGF injections, during
a long follow-up of 24 months in a real-life environment.

Methods

This international retrospective multicenter study
comprised 10 study sites (see Supplementary
Material, Supplemental Digital Content 1, http://
links.lww.com/IAE/A854). Institutional review board
approval was obtained through the individual IRBs at
the participating institutes for a retrospective consecu-
tive chart review. The research adhered to the tenets of
the Declaration of Helsinki. Patient records from Janu-
ary 1, 2011, to August 1, 2017, were reviewed for cases
of DME treated with an intravitreal DEX implant.

Study Participants

The following were set as study inclusion criteria:
1) age 18 years or older; 2) Type 1 or 2 diabetes
mellitus; 3) DME (both naive and refractory) causing
visual loss, with study eye BCVA measuring 0.2 to 1.0
logMAR (20/32–20/200); macular edema defined clin-
ically and by retinal thickness in the central subfield
above the set cutoff; and intraretinal or subretinal fluid
seen on spectral domain optical coherence tomogra-
phy, and 4) treatment with an DEX implant. The cutoff
for retinal thickness to be defined as significant mac-
ular edema was set as follows: Cirrus, male $305 mm
and female $290 mm; Spectralis, male $320 mm and
female$305 mm; Topcon, male$280 mm and female
$265 mm; Optovue, male$290 mm and female$275
mm.27–29 For patients who received bilateral treatment
with DEX, both eyes were included. Refractory DME
was defined as worsening of BCVA by 2 Early Treat-
ment Diabetic Retinopathy Study (ETDRS) lines or
reduction of less than 10% of retinal thickness on
spectral domain optical coherence tomography mea-
sured 1 month after at least 3 anti-VEGF injections
that were given at monthly intervals.12 5) Data avail-
able for 24 months from the first DEX injection.
Exclusion criteria were 1) another concomitant ocular
disease that causes macular edema (i.e., neovascular
age-related macular degeneration or choroidal neovas-
cularization due to other reasons, retinal vein occlu-
sion, uveitis, and recent intraocular surgery possibly
causing postsurgical macular edema); 2) another ocu-
lar condition that compromises visual acuity, except
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for the presence of cataract; 3) previous treatment with
intraocular corticosteroids within the 6 months before
treatment with the DEX implant.
Consecutive patient charts were reviewed for demo-

graphic data, HbA1c values, stage of retinopathy
(nonproliferative or proliferative), previous treatments
for DME, BCVA before the DEX implant and after 6,
12, and 24 months, any form of additional treatment
(including further DEX implants or any other intra-
vitreal therapy or macular laser) or cataract surgery
during follow-up.

OCT Analysis

OCT scans were obtained using spectral domain
optical coherence tomography: Heidelberg Spectralis,
Optovue Avanti, Topcon 3D OCT-2000, and Cirrus,
Zeiss). Quantitative assessment of DME included
central subfield thickness (CST) that was calculated
automatically by the instrument and recorded at
baseline and at 6, 12, and 24 months after the first
DEX implant.

Outcome Measures

Main outcome measures were visual and anatomical
changes 24 months after the first DEX implant.
Secondary outcome measures were BCVA and CST
after 6 and 12 months, the proportion of eyes with
$10 letters vision gain after 24 months, the numbers
of DEX implants given, additional treatments needed,
and the proportion of cataract extraction and intraoc-
ular pressure (IOP)-lowering treatment during the
study period.

Statistical Analyses

To control for the correlated nature of our data, we
used a generalized estimating equations (GEE) pro-
cedure. Differences in baseline study eye character-
istics between both groups were tested by
a univariable logistic model. Differences in BCVA
and CST at baseline and 6, 12, and 24 months were
analyzed by a multivariable logistic model, including
imbalanced baseline study eye characteristics (Hb1Ac
level, diabetes mellitus duration, presence of IS/OS
damage, pseudophakia, after macular laser, after
panretinal photocoagulation), and baseline visual acu-
ity or CST for follow-up outcomes measures, respec-
tively. A backward selection procedure was
performed, and only confounders with P #0.2 were
kept in the model. A GEE model for the outcome
measure (BCVA after 24 months) was run by
testing the following confounding baseline variables:
1) BCVA/CST at baseline, 2) age, 3) naive or refrac-

tory DME, 4) HbA1c, 5) diabetes mellitus duration, 6)
the presence of subretinal fluid at baseline, 7) the pres-
ence of IS/OS damage at baseline, 8) pseudophakia at
baseline, 9) status post (PRP) at baseline, and 10)
a history of macular laser.
Predictors with P #0.2 in the univariable analysis

were included in the final GEE model. A backward
selection procedure was applied that retained only
those variables with P , 0.05. The last-observation-
carried-forward method was used to impute missing
data. Values are presented as mean ± SD. Statistical
analysis was performed with SPSS Statistics 22 (IBM,
Armonk, NY).

Results

The study included 130 eyes from 125 patients, with
a mean age of 69 ± 14 years. Table 1 shows demo-
graphic and baseline characteristics for the 71 eyes that
were treatment naive (54.6%) and the 59 eyes (45.6%)
that were refractory to anti-VEGF injections. The
mean number of previous anti-VEGF injections in
the refractory group was 7.4 ± 3.6, and 68% of the
refractory cases had ,10% reduction in CMT. The
mean HbA1c measured was 8.8 ± 2.6% and 8.0 ±
1.8% for naive and refractory eyes, respectively (P =
0.04). Sixteen eyes (22%) and 22 eyes (37%) were
phakic at baseline in the naive and refractory group,
respectively (P = 0.07). Six eyes (9%) and 13 eyes
(22%) had a history of macular laser in the naive
and refractory groups, respectively (P = 0.05).
The mean time between the last treatment (anti-

VEGF injection) and the switch to the first DEX
implant was 3.1 ± 1.9 months. The mean number of
DEX implants received over 24 months was 3.5 ± 1.0
(range: 1–4, Table 2). The mean durations between
treatments were 198 ± 62 days (range: 105–686 days),
174 ± 24 days (range: 80–266 days), and 189 ± 28
days (range: 108–322 days) between the first and sec-
ond, second and third, and between the third and
fourth treatments, respectively. During the study
period, 12 eyes (9.2%) received 1 DEX implant, 10
eyes (7.7%) 2 DEX implants, 3 eyes (2.3%) 3, and 105
eyes (80.8%) 4 (Table 2). Although only 1% (1/71) of
naive eyes received additional treatments during the
study period, 25% (15/59) of refractory cases needed
further treatment (P = 0.003).
In this study, 38 eyes (29.2%) were phakic at

baseline. Of them, 22 (57.9%) underwent cataract
surgery. Nine patients underwent cataract surgery
within the first year and 13 within the second year of
follow-up. Among the phakic eyes, 15 (93.8%) eyes in
the naive group and 7 (31.8) eyes in the refractory
group underwent cataract surgery (P = 0.002).
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Five eyes (7.1%) in the naive group and 13 eyes
(22.8%) in the refractory group required IOP-lowering
topical treatment (P = 0.033). Three eyes already had
glaucoma at baseline. None underwent glaucoma sur-
gery during follow-up.

Functional Outcome

Mean baseline BCVA was 0.60 ± 0.17 logMAR
(20/80), without any statistically significant difference
between naive and refractory eyes after accounting
for imbalanced baseline study eye characteristics

Table 1. Baseline Characteristics of 130 DME Eyes Treated With DEX, According to Previous Anti-VEGF Treatment: Naive
and Refractory Eyes

All Eyes
(n = 130)

Naive Eyes
(n = 71)

Refractory Eyes
(n = 59)

Univariable
Analysis, P*

Age, years, mean ± SD 68.8 ± 13.6 68.6 ± 14.3 69.2 ± 12.9 0.80
HbA1c, %, mean ± SD, n = 118 8.4 ± 2.3 8.8 ± 2.6 8.0 ± 1.8 0.04
DM duration, years, mean ± SD 14.1 ± 7.5 12.6 ± 6.1 15.9 ± 8.6 0.02
Previous anti-VEGF injections,
mean ± SD

NA 0.0 ± 0.0 7.4 ± 3.6 NA

Previous bevacizumab injections,
mean ± SD

2.0 ± 3.9

Previous ranibizumab injections,
mean ± SD

2.1 ± 3.6

Previous aflibercept injections,
mean ± SD

3.3 ± 3.1

Presence of IS/OS damage at
baseline, n (%)

110/129 (85) 64/70 (91) 46/59 (79) 0.06

Pseudophakia at baseline, n (%) 92/130 (71) 55/71 (78) 37/59 (63) 0.07
Status focal/grid laser, n (%) 19/127 (15) 6/69 (9) 13/58 (22) 0.05
After panretinal photocoagulation,
n (%)

15/130 (12) 2/71 (3) 13/59 (22) 0.002

*P value for difference between naive and refractory patients tested by the univariable logistic GEE model.
DM, diabetes mellitus; IS/OS, inner segment/outer segment; NA, not applicable.

Table 2. Dexamethasone Treatments During a 24-Month Study Period and Safety Profile

All Eyes (n = 130) Naive Eyes (n = 71) Refractory Eyes (n = 59)

Total DEX implants within 24
months, mean ± SD, (range)

3.5 ± 1.0 (1–4) 3.9 ± 0.5 (1–4) 3.1 ± 1.2 (1–4)

Eyes with total DEX implants within
24-month follow-up, n (%)
1 implant 12 (9.2) 2 (2.8) 10 (16.9)
2 implants 10 (7.7) 0 (0.0) 10 (16.9)
3 implants 3 (2.3) 1 (1.4) 2 (3.4)
4 implants 105 (80.8) 68 (96) 37 (62.7)

Days between DEX implants,
mean ± SD (range)
1st and 2nd 198 ± 62 (105–686) 187 ± 28 (105–325) 214 ± 89 (112–686)
2nd and 3rd 174 ± 24 (80–266) 170 ± 24 (80–266) 182 ± 22 (112–250)
3rd and 4th 189 ± 28 (108–322) 192 ± 32 (108–322) 183 ± 16 (133–245)

Eyes treated with additional DME
therapy within 24-month follow-
up, n (%)

16 (12.3) 1 (1.4) 15 (25.4)

Anti-VEGF injection 11 (8.5) 1 (1.4) 10 (16.9)
Fluocinolone acetonide implant 3 (2.3) 3 (5.1)
Macular laser 1 (0.8) 1 (1.7)
PPV + ILM peeling 2 (1.5) 2 (3.4)

Eyes that underwent cataract
surgery within 24 months of
follow-up, n (% of phakic eyes)

22/38 (57.9) 15/16 (93.8) 7/22 (31.8)

Eyes that needed IOP-lowering
drops at 24 months, n (%)

18/127 (14.2) 5/70 (7.1) 13/57 (22.8)

DM, diabetes mellitus; IS/OS, inner segment/outer segment; MRT, maximal retina thickness; NA, not applicable ; PPV + ILM, pars plana
vitrectomy combined with internal limiting membrane peeling.
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(P = 0.18). Mean BCVA improved to 0.40 ± 0.16
logMAR (20/50) after 12 months (P , 0.001) and
remained stable over 24 months (0.41 ± 0.19 logMAR,
20/50, P , 0.001) in the entire cohort. Changes in
visual acuity for naive and refractory patients during
the follow-up period are shown in Figure 1 and Table
3. Vision in both groups improved significantly after
24 months (naive and refractory eyes: P , 0.001).
However, naive eyes gained statistically signifi-

cantly more vision (BCVA gain at 24 months: 11.3
± 10.0 vs. 7.3 ± 12.7 letters, P = 0.01, Table 3) and
were more likely to gain $10 letters after 24 months
(OR 3.31, 95% CI 1.19–9.24, P = 0.02, Table 3) than
eyes previously treated with anti-VEGF injections.
After 24 months, 67.6% of naive and 52.5% of refrac-
tory eyes gained $10 letters of vision (P = 0.02). The
difference between naive and refractory cases was
independent of IS/OS damage at baseline, as well as
of baseline BCVA, patient’s age, subretinal fluid pres-
ence at baseline, and lens status (Table 4).

Anatomical Outcome

Mean baseline CST was 575 ± 100 mm. Changes in
CST for both groups are shown in Figure 2 and Table
3. Central subfield thickness was significantly
decreased at all investigated time points compared
with baseline in naive and refractory eyes (6, 12, and
24 months: P, 0.001). At all investigated time points,
CST was higher in refractory than in naive eyes
(Table 3).

Discussion

Our results show that both naive and refractory eyes
with DME improved significantly in visual acuity after
treatment with the DEX implant, but naive eyes fared
better. The treatment had a well-acceptable safety
profile. To our best knowledge, this is the largest real-

life study that compared functional and anatomical
outcomes in naive and refractory patients with DME
treated with DEX implants with a completed 24-month
follow-up. Furthermore, this study included the largest
group of treatment-naive eyes.
We hypothesize that refractory eyes had a worse

functional outcome than naive eyes mainly because of
delayed initiation of treatment with the DEX implant.
Long-standing DME, as in eyes refractory after
repeated anti-VEGF injections, frequently show dis-
ruption of the IS-OS layer and the external limiting
membrane. Previous studies showed an association
between disruption of those layers and decreased
visual acuity.30 Underlying macular capillary ischemia
may explain photoreceptor compromise in chronic and
refractory DME eyes.31 In our study, we did not eval-
uate ischemic changes. Our hypothesis has to be con-
firmed in further studies.
In this study, the rate of previous macular laser

photocoagulation was significantly higher in eyes that
were refractory to previous anti-VEGF treatment than
in naive eyes. However, baseline visual acuity did not
show any statistically significant difference between
naive and refractory eyes, and previous macular laser
did not prove to be a confounder for the visual
outcome.
Growing evidence suggests that the Müller cells

may be the first to be affected in DME, showing intra-
cellular edema. With progression of the disease, they
may become apoptotic.32 Gliotic Müller cells not only
promote but also inhibit tissue repair processes in pre-
clinical studies.33 Activated Müller cells release cyto-
toxic substances that are responsible for the
recruitment of leukocytes, blood–retinal barrier
breakdown, direct glial dysfunction, and neuronal cell
death. The rational approach of treatment with DEX
implants at an earlier stage might be explained by
targeting those inflammatory processes and preventing
changes in the retinal glia. This might explain the
better functional outcome of treatment-naive eyes in
this study despite an increased rate of IS/OS damage at
baseline.
In this study group, there were significant differ-

ences between patients with naive and refractory eyes
in terms of systemic diabetes; although patients with
naive DME presented with a significantly higher
baseline HbA1c value, patients with refractory DME
had a significantly longer duration of diabetes. Further
investigation of this topic is needed to conclude
whether there is a causal association.
Our results are in agreement with the findings of

previous retrospective studies that indicated better
outcomes after DEX treatment in naive compared
with refractory DME eyes.13,23,26,34 In contrast to

Fig. 1. Best-corrected visual acuity (logMAR) in naive (:) and
refractory eyes (n) over 24-month follow-up. Data are presented as
mean ± SD.
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Table 3. Functional and Anatomical Outcomes Following 24 Months Treatment With DEX implants In DME Eyes

Naive Eyes
(n = 71)

Refractory Eyes
(n = 59)

Difference Between Both Groups,
Mean (95% CI) Multivariable Analysis, P*

Gain in letters at 24 months,
mean ± SD

11.3 ± 10.0 7.3 ± 12.7 24.0 (27.9 to 20.1) 0.01

EM mean ± SE 10.6 ± 12.3 6.0 ± 11.5
Gain of$ 10 letters after 24 months,
n (%)

48/71 (67.6) 31/59 (52.5) NA 0.02

BCVA baseline, logMAR, mean ± SD
(Snellen)

0.59 ± 0.15 (20/78) 0.61 ± 0.19 (20/81) 0.03 (20.03 to 0.08) 0.18

EM mean ± SE (Snellen) 0.54 ± 0.23 (20/69) 0.59 ± 0.22 (20/78)
BCVA at 6 M, logMAR, mean ± SD
(Snellen)

0.44 ± 0.13 (20/55) 0.54 ± 0.23 (20/69) 0.10 (0.04–0.17) 0.01

EM mean ± SE (Snellen) 0.37 ± 0.27 (20/47) 0.49 ± 0.25 (20/62)
BCVA at 12 M, logMAR, mean ± SD
(Snellen)

0.36 ± 0.13 (20/46) 0.44 ± 0.18 (20/55) 0.08 (0.03–0.14) 0.05

EM mean ± SE (Snellen) 0.39 ± 0.23 (20/49) 0.46 ± 0.22 (20/58)
BCVA at 24 M, logMAR, mean ± SD
(Snellen)

0.36 ± 0.14 (20/46) 0.47 ± 0.23 (20/59) 0.11 (0.04–0.17) 0.01

EM mean ± SE (Snellen) 0.38 ± 0.24 (20/48) 0.48 ± 0.23 (20/60)
CST at baseline, mm, mean ± SD 583 ± 94 565 ± 107 218 (252 to 17) 0.51
EM mean ± SE 505 ± 123 517 ± 116
CST at 6 M, mm, mean ± SD 325 ± 67 370 ± 136 45 (9–81) 0.09
EM mean ± SE 358 ± 135 388 ± 125
CST at 12 M, mm, mean ± SD 268 ± 60 326 ± 131 58 (24–92) 0.01
EM mean ± SE 304 ± 159 350 ± 151
CST at 24 M, mm, mean ± SD 279 ± 61 313 ± 125 34 (1–67) 0.10
EM mean ± SE 312 ± 119 342 ± 112

P values are for difference in mean values between naive and refractory eyes tested by GEEs.
EM mean is the mean for each factor, adjusted for any other variables included in the model. Missing data: visual acuity—1 eye at 12 months, 1 eye at 24 months; central subfield

thickness—6 months 1 eye, 12 months 4 eyes, 24 months 1 eye.
*Multivariable analyses included baseline characteristics: HbA1c, diabetes mellitus duration, presence of IS/OS damage, pseudophakia, after macular laser and after panretinal

photocoagulation, and baseline visual acuity (for visual acuity outcomes) or baseline CST (for CST outcomes). A backward selection procedure was performed, and only confounders
with P # 0.2 were kept in the model.

EM mean, estimated marginal mean.
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those reports, our study has a larger cohort and a longer
and stricter follow-up. In the study published by
Escobar-Barranco et al,26 the naive group had signif-
icantly better visual acuity at baseline than the refrac-
tory group. In our study, there was no significant
difference at baseline visual acuity between the two
groups. This strengthens our conclusion that naive
eyes benefit more from the applied treatment. The RE-
LDEX study comprised 128 eyes with a follow-up
period of up to 36 months.34 However, the follow-up
time frame was variable and ranged between 1 and 40
months, with a mean of 16 months. Only 31 eyes
completed follow-up of 36 months. In this study, all
eyes included in the analysis had 24-month follow-up
data. That is why this study enables a more accurate
and comprehensive view of treatment response and
complications.
The MEAD trial reported a 59% rate of cataract

surgery during the study period of 3 years.14 In the
current study, 38 eyes (29.2%) were phakic at base-

line. Of them, 22 (57.9%) underwent cataract surgery.
Nine patients underwent cataract surgery within the
first year and 13 within the second year of follow-
up. Recently, results from protocol U by the DRCR.
net showed a benefit for patients with pseudophakia
treated with combination therapy of ranibizumab and
DEX implant.35

Fourteen percent of the studied eyes required topical
IOP-lowering treatment after 24 months. No glaucoma
surgery was needed to maintain the IOP in a normal
range. In the MEAD trial, 41.5% needed IOP-lowering
treatment. However, our study revealed a lower rate of
IOP increase. This may be explained by the fact that
the mean number of DEX implants given in the
MEAD trial was 5 over 3 years, compared with 3.5
in our study. Because the MEAD trial was a random-
ized controlled trial, treatments were given on a more
regular basis and follow-up examinations were more
frequent.
As a real-life study, the retrospective design and the

lack of randomization and matching between the naive
and the refractory cases are limitations. Furthermore,
we conducted multiple testing, which could have led
to false-positive results.
This study showed that DEX implants resulted in

substantial anatomical and functional improvement in
naive and refractory DME. However, the benefit was
greater in eyes that were treatment naive. Further
prospective studies are needed to determine the role of
DEX implants in the treatment algorithm of DME.

Key words: diabetic macular edema, naive eyes,
refractory eyes, dexamethasone implant, visual out-
comes, anatomical outcomes.
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