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Purpose: To determine the effect of short-term 4 mg/mL dexamethasone solution treatment

in diabetic macular edema (DME).

Patients and methods: Twenty-seven pseudophakic diabetic patients with visual impair-

ment caused by DME were randomized to receive 0.01 mL (40 μg), 0.03 mL (120 μg) or

0.05 mL (200 μg) intravitreal dexamethasone solution. Eyes were evaluated in terms of

macular thickness, best-corrected visual acuity (BCVA) and intraocular pressure (IOP) at 3, 7

and 28 days after injection (D).

Results: There was a significant reduction in macular thickness between D0 and D3 for all

groups (0.01 mL – P=0.008, 0.03 mL – P=0.038, and 0.05 mL – P=0.008). Between D0 and D7,

a significant reduction in macular thickness was observed in 0.01 mL and 0.05 mL groups (0.01

mL – P=0.013 and 0.05 mL – P=0.021). Between D0 and D28, no significant reduction of

macular thickness was observed for any group. Between D0 and D3, a significant improvement

in BCVA in the 0.03 mL group (P=0.028) was observed. Between D0 and D7, a significant

improvement in BCVAwas observed in 0.01 mL and 0.03 mL groups (0.01 mL – P=0.018 and

0.03 mL – P=0.027). Between D0 and D28, a significant improvement in BCVAwas observed

for the 0.01 mL group (P=0.017). No significant differences in IOPmeasurements were observed

for any group. Safety analysis revealed no serious ocular or systemic events.

Conclusion and relevance: Intravitreal dexamethasone solution is effective in reducing

macular thickness secondary to DME in the short-term. Improvement in short-term visual

acuity was observed. Although DME requires long-term treatment, it may be a low cost

therapeutic option used in specific short-term situations.

Trial registration: NCT03608839 (http://www.clinicaltrials.gov).

Keywords: intravitreal dexamethasone solution, short-term treatment, diabetic macular

edema, pseudophakic patients

Introduction
Diabetic macular edema (DME) is the main cause of visual impairment in patients

with diabetes mellitus (DM).1 It has been estimated that DME would affect about

20% of individuals with type 1 and type 2 DM after 10 years of disease duration,

rising up to 30% after 25 years.2

In diabetic patients, hyperglycemia is the major risk factor contributing to the

pathogenesis of DME.3 This process is related to 4 major biochemical pathways:

polyol, advanced glycation endproducts, protein kinase C and hexosamine.3 All of
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these pathways lead to increased oxidative stress, inflam-

mation, and vascular dysfunction.3 Oxidative stress and

inflammation result in upregulation of growth factors and

cytokines, such as vascularendothelial growth factor

(VEGF), angiopoietins, tumor necrosis factor, interleukins,

and matrix metalloproteinases, which contribute to break-

down of the blood–retinal barrier and development of

DME.3

The DME pathophysiological process is largely

mediated by VEGF, but there is a growing appreciation

that inflammation plays an important role in DME perpe-

tuation and several cytokines besides VEGF are at high

levels in this process.4–6 Evidence suggest that DME late

phase may be more driven by inflammatory activity than

by angiogenic action.4–6 This molecular pathway may

explain why patients may demonstrate an inadequate

response to anti-VEGF therapy in visual acuity gain.4–6

Several studies have revealed that anti-VEGF therapy,

with or without macular laser treatment, is superior to laser

treatment alone to improve visual acuity, while decreasing

retinal thickness in patients with visual impairment caused

by center-involved DME.7–12 However, complete resolu-

tion of DME has not been reported in all cases, despite

intensive anti-VEGF and focal/grid laser therapies.7–12

Therefore, additional treatment strategies are necessary

for patients with DME.

Corticosteroids promote downregulation of prostaglan-

dins, cytokines and growth factors expression, such as

VEGF.13 They also present an inhibitory action on leukos-

tasis, adhesion and transmigration of leukocytes.6 In addi-

tion, they act in basal membrane endothelium of retinal

capillaries and tight junctions, limiting vascular permeabil-

ity and limiting leakage to the retinal interstitium.14

Intravitreal triamcinolone acetonide (IVTA) has been

shown to be effective in improving the vision of patients

with DME.7,15 In the DRCR net – protocol I study, which

compared IVTA with ranibizumab as an adjunctive treat-

ment to laser therapy, IVTA was as effective as ranibizu-

mab in improving visual acuity in pseudophakic eyes;

however, this was not observed in the entire study popula-

tion, most likely due to cataract development.7,15

The 700 µg dexamethasone intravitreal implant

(Ozurdex®; Allergan, Inc., Irvine, CA, USA) is an exam-

ple of a sustained-release corticosteroid delivery system,

developed with the aim to reduce the need for frequent

intraocular injections.16 The Ozurdex® implant has been

shown to provide a robust long-term improvement in

vision and macular edema over a period of 3 years.17

Ozurdex has also demonstrated efficacy in the treatment

of persistent DME, anti-VEGF-resistant DME, as well as

in difficult-to-treat vitrectomized patients.18–21 Real-world

evidence about repeated dexamethasone intravitreal

implant in DME management suggests an average dura-

tion of action close to 5 months following a pro re nata

strategy of treatment interesting about one-third of

patients.22 The use of repeated DEX implant administra-

tion revealed an acceptable balance between long-term

efficacy and safety.22

Dexamethasone has a relative potency, which is 7

times greater than that of TA.23 In addition, dexametha-

sone is less lipophilic than TA, and hence does not accu-

mulate in the trabecular meshwork and lens to the same

extent; therefore suggesting a reduced risk of increased

IOP and cataract progression.24

Although regression of DME and improvement in the

level of retinopathy have been observed in VEGF inhibi-

tion clinical trials, several injections are often required,

with many patients failing to demonstrate an adequate

response despite repeated monthly injections (35% of

patients failure in gain ≥10 letters and 55% of patients

failure in gain ≥15 letters).7–12

Therefore, intravitreal corticosteroids, alone or as a

combination therapy with anti-VEGF agents, have been

used in an attempt to improve patient outcome.7,17,25

Recent data highlight the potential role of intravitreal

corticosteroid therapy in the prevention of diabetic retino-

pathy (DR) progression, as well as to improve disease

severity.26,27

To the best of our knowledge, no studies evaluating

short-term DME treatment with intravitreal 4 mg/mL dex-

amethasone solution in pseudophakic patients have been

performed; therefore, its effect on macular thickness and

visual acuity in these conditions is poorly understood.

The aim of this study was to determine the effect of

intravitreal 4 mg/mL dexamethasone solution on macular

thickness, visual acuity and IOP in the short-term treat-

ment of DME, with short-term treatment defined as over a

period of 3 days.

Methods
A Phase II, randomized, prospective, parallel, interven-

tional study was performed. Data from DME diagnosed

volunteers was collected and analyzed at the Department

of Ophthalmology, State University of Campinas

(UNICAMP), Brazil between May 2016 and December

2017. Informed written consent was obtained from all
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patients, and approved by the ethics committee of the

Clinical Hospital of the State University of Campinas,

with the study conducted in agreement with the

Declaration of Helsinki for research involving human sub-

jects. The study was registered with the trial identifier

NCT03608839 at http://www.clinicaltrials.gov.

Inclusion criteria included: 1) aged 18 years or over; 2)

diagnosis of type 2 DM; 3) patients with pseudophakic

eyes; 4) presence of clinically significant DME according

to ETDRS guidelines; 5) best-corrected visual acuity

(BCVA) between 20/400 and 20/40; and 6) central macular

thickness (CMT) of ≥300 µm, measured by spectral-

domain optical coherence tomography (Spectralis®;

Heidelberg Engineering, Heidelberg, Germany). If both

eyes met eligibility criteria, the eye with worse BCVA at

baseline was used as the study eye.

Exclusion criteria were: 1) any treatment of DME in the

previous 4 months; 2) pan-retinal photocoagulation (PRP) in

the last 4 months or likelihood of necessity to undergo PRP

during the next 6 months; 3) any ophthalmologic surgery

performed in the last 4 months; 4) history of pars plana

vitrectomy; 5) history of open-angle glaucoma or corticoster-

oid-induced elevated IOP that required anti-glaucoma or anti-

hypertensive ocular treatments; and 6) IOP of ≥21 mmHg.

During the screening consultation, complete ophthal-

mic evaluation, including BCVA, slit-lamp biomicroscopy,

applanation tonometry, fundus biomicroscopy, fluorescein

angiography (Visucam NM/FA Carl Zeiss; Carl Zeiss

Meditec, Dublin, CA, USA) and SD-OCT (Spectralis;

Heidelberg Engineering) were performed. CMT was

obtained through seven horizontal lines (30°×5° area),

centered on the fovea, with 1536 A scans per line at 240

µm intervals.

Patients were randomized via a 1:1:1 sequential alloca-

tion to receive 0.01 mL (40 μg), 0.03 mL (120 μg), or 0.05
mL (200 μg) of the 4 mg/mL dexamethasone solution

during the primary study visit (baseline). In subsequent

visits, at 1, 3, 7, 14, 21, and 28 days, analysis via BCVA,

slit-lamp biomicroscopy, applanation tonometry, fundus

biomicroscopy, and SD-OCT (Spectralis; Heidelberg

Engineering) was performed.

The current study used blocked randomization (3

groups with 9 members each); data were computer gener-

ated and stored in a locked cabinet until the end of the

study period. Patients, study personnel responsible for

intravitreal injections and those responsible for collecting

BCVA, IOP, OCT data were blinded as to the patient study

assignment.

Calculations based on effect size at 0.5 SDs of macular

thickness between pre-injection (baseline) and the 3rd day

post-injection indicated that a sample size consisting 27

subjects would be sufficient for detecting a difference of

this magnitude with a power of 0.8 and a significance level

of 0.05 (one-tailed).

The primary outcome was macular thickness at 3 and 7

days after intravitreal dexamethasone. The secondary out-

comes were macular thickness at 28 days after intravitreal

dexamethasone, BCVA and IOP at 3, 7 and 28 days after

intravitreal dexamethasone.

In statistical analysis, continuous data were expressed

as the mean±SD and range. Between-group differences of

continuous variables were compared using Kruskal–Wallis

one-way ANOVA, Wilcoxon Signed Ranks Test or Mann–

Whitney U test when appropriate, and categorical vari-

ables were compared using Fisher–Freeman-Halton exact

test. Analyses were performed using IBM SPSS Statistics

version 20 (Chicago, IL, USA). Statistical significance was

established when P≤0.05.

Results
All patients that volunteered to participate in the study

were able to complete all stages. Twenty-seven eyes of 27

patients were included in the analysis, with each group

containing 9 members. About 55.5% of patients were

male, at a mean age of 67.9±7,33 years, with the right

eye being the study eye in 55.5% of cases. At baseline,

77.7% of patients presented moderate non-proliferative

DR, with 22.3% of patients having previously been sub-

mitted to scatter laser photocoagulation, and no patients

presented severe non-proliferative or proliferative DR.

Patients had a diagnosis of DM for at least 6 years,

with some having carried the disease for up to 31 years,

at an average of 18.1 years. 62.9% of patients reported

having never undergone any treatment for DME, while

22.2% had already undergone anti-VEGF intravitreal

injections, with 14.9% having been submitted to macular

laser therapy.

At baseline, mean BCVAwas 53.2±16.61 letters; CMT

was 537.4±196.94 µm and IOP was 12.2±2.39 mmHg.

Retinal macular structural features identified on OCT:

epiretinal membrane in 37% of patients, subretinal fluid

in 14.8%, microaneurysms in the foveal region in 92.5%,

and posterior vitreous detachment in 33.3%. Table 1 repre-

sents the baseline clinical characteristics of 27 patients

included in the study who were randomized to receive

intravitreal 0.01 mL (40 μg), 0.03 mL (120 μg) or
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0.05 mL (200 μg) of the 4 mg/mL dexamethasone

solution.

The patients assigned to each group are comparable in

terms of the following variables: age, macular thickness,

BCVA and IOP. However, there were random non-sig-

nificant imbalances: members of the 0.05 mL dexametha-

sone group were older, had lower macular thickness and

better best correct visual acuity compared to the other

groups, while members of the 0.03 mL dexamethasone

group had greater macular thickness than the others.

Furthermore, individual retinal macular structural fea-

tures are also comparable: posterior vitreous detachment,

subretinal fluid, epiretinal macular membrane, as well as

microaneurysms in the foveal region. Individual data of

each patient with CMT, BCVA and IOP will be publicly

available at http://www.clinicaltrials.gov, trial registra-

tion NCT03608839.

Overall analysis of all volunteers treated with 4 mg/mL

dexamethasone solution revealed a significant reduction in

macular thickness between baseline and 3rd day post-injec-

tion (P<0.001) and baseline and 7th day post-injection

(P=0.004), as well as a significant improvement of BCVA

between baseline and 3 days post-injection (P=0.010), base-

line and 7 days post-injection (P=0.001), as well as baseline

and 28 days post-injection (P=0.008). The mean reduction

of macular thickness after 3 days of treatment was 21.16%,

and 12.85% after 7 days. Figure 1 represents mean change

in macular thickness from baseline over time for the overall

Table 1 Baseline characteristics of 27 subjects with diabetic macular edema randomized to receive intravitreal 0.01 mL (40 μg), 0.03
mL (120 μg), or 0.05 mL (200 μg) of the 4 mg/mL dexamethasone solution

40 μg (n=9) 120 μg (n=9) 200 μg (n=9) P

Age (years): mean (SD), median 67 (6), 66 66 (8), 66 71 (7), 70 0.226a

Sex – male 6 5 4 0.638b

Eye – right 3 7 5 0.165b

ERM 5 3 2 0.329b

SRF 1 2 1 0.746b

MA 8 8 9 0.583b

PVD 2 2 5 0.223b

CMT (µm): mean (SD), median 527 (154), 459 630 (255), 548 453 (140), 398 0.163a

BCVA (letters): mean (SD), median 52 (14), 48 47 (19), 47 60 (15), 67 0.343a

BCVA (Snellen) ≅0.20 ≅0.16 ≅0.32
IOP (mmHg): mean (SD), median 12 (2), 12 12 (3), 12 12 (3), 11 0.,270a

Notes: aKruskal–Wallis one-way ANOVA, bFisher’s exact test. BCVA based on ETDRS charts.

Abbreviations: ERM, epiretinal membrane; SRF, subretinal fluid; MA, microaneurysms in foveal region; PVD, posterior vitreal detachment; CMT, central macular thickness;

BCVA, best-corrected visual acuity; IOP, intraocular pressure; ETDRS, Early Treatment Diabetic Retinopathy Study.
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Figure 1 Mean change and 95% CI in macular thickness from baseline over time for the overall cohort, in µm.

Abbreviation: D, days after injection.
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cohort; Figure 2 represents mean change in macular thick-

ness from baseline over time to each group.

Figure 3 represents mean change in visual acuity from

baseline over time for the overall cohort; Figure 4 repre-

sents mean change in visual acuity from baseline over time

for each group.

In group analysis of participants treated with 0.01 mL

dexamethasone solution, there was significant reduction of

macular thickness between D0 and D3 (P=0.008) and

between D0 and D7 (P=0.013), while no significant reduc-

tion was observed between D0 and D28 (P=0.678). No

significant improvement in BCVA was revealed between

D0 and D3 (P=0.077), despite a significant difference was

noticed between D0 and D7 (P=0.018) and D0 and D28

(P=0.017). There was no significant change in IOP mea-

surements between D0 and D3 (P=0.887), D0 and D7

(P=0.391) or between D0 and D28 (P=0.414).

In group analysis of participants treated with 0.03 mL

dexamethasone solution revealed a significant reduction in

macular thickness between D0 and D3 (P=0.038), while

no significant reduction was seen between D0 and D7

(P=0.441) and between D0 and D28 (P=0.953). A signifi-

cant improvement in BCVA was revealed between D0 and

D3 (P=0.028) and between D0 and D7 (P=0.027), while
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no significant improvement was observed between D0 and

D28 (P=0.249). No significant differences in IOP mea-

surements were observed between D0 and D3 (P=0.

773), D0 and D7 (P=0.603) or between D0 and D28

(P=0.107).

Finally, in the subgroup analysis of participants treated

with 0.05 mL dexamethasone solution, a significant reduc-

tion of macular thickness was observed between D0 and

D3 (P=0.008) and D0 and D7 (P=0.021), while no sig-

nificant reduction of was seen between D0 and D28

(P=0.859). No significant improvement of BCVA was

revealed between D0 and D3 (P=0.600), between D0 and

D7 (P=0.235) and between D0 and D28 (P=0.260). No

significant differences in IOP measurements were

observed for D0 and D3 (P=0.348), D0 and D7

(P=0.733) or between D0 and D28 (P=0.488).

Safety analysis revealed no serious ocular or systemic

events during the current study. There were no reports of

retinal detachment, corneal disturbance, endophthalmitis

or significant IOP elevation. The highest mean IOP

increase occurred on D1 (0.9 mmHg), which subsequently

normalized to baseline levels.

Figure 5 represents mean change in IOP from baseline

over time for the overall cohort; Figure 6 represents mean

change in IOP from baseline over time for each group.

Discussion
This is an original study that investigated the short-term

effects and safety profile of 4 mg/mL dexamethasone

solution on DME treatment. It is important to note that

to date, no data is available in the medical literature that
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describes an appropriate course and duration of treatment

for aforementioned condition.

In the current study, analysis of change in macular

thickness revealed a significant reduction between D0

and D3 and D0 and D7 post-treatment. However, although

macular thickness returned to its original baseline value 28

days after initial therapy (541.8 vs 537.4 µm), BCVA data

revealed a significant improvement between D0 and D3,

D0 and D7, and D0 and D28, with an average gain of 4.4

ETDRS letters in 28 days. The baseline clinical character-

istics of the participants involved in the study lead one to

believe that almost all patients presented chronic DME.

One may be pondering that the study may have provided a

better visual acuity result had the selected patients pre-

sented a less chronic profile for DME.

The results were enlightening regarding dexametha-

sone solution action on macular thickness in DME, since

in study planning it was speculated that the aforemen-

tioned action would present effect of just a few hours.

The results showed a significant macular thickness reduc-

tion (12.85% over the initial values for the whole cohort) 7

days after the intravitreal injection, as shown in Figure 1.

Chang-Lin et al investigated the pharmacokinetics and

pharmacodynamics of a sustained-release dexamethasone

intravitreal implant in monkey eyes.28 Dexamethasone was

quantified by liquid chromatography-tandem mass spectro-

metry, and cytochrome P450 3A8 gene expression was ana-

lyzed by reverse transcription-polymerase chain reaction.28 It

revealed sustained levels of dexamethasone and continued

biological activity for 6 months after initial treatment, with

peak drug levels obtained during the first 2 months.28

Maximum vitreous dexamethasone level was 213 ng/mL on

day 60.28 These mentioned data corroborate our findings that

dexamethasone solution, even when used 0.01 mL (40 μg), is
effective in reducing DME in the short term.

Another clinical study based on the treatment of DME

with dexamethasone implant revealed a maximum visual

acuity gain and greatest decrease in retinal thickness and

total macular volume during the 2nd month after initial

treatment, both in naïve and refractory groups.29

A systematic review demonstrated that the IVTA injec-

tion was more effective in improving visual acuity after 3

months when compared with no treatment or treatment

with a sub-tenon triamcinolone acetonide injection; how-

ever, said effect did not persist for 6 months in either

treatment modality.30 Likewise, IVTA injection was more

effective in reducing CMT values in both comparison

groups at 3 months; while at 6 months the above benefit

was observed between the IVTA injection and no treat-

ment groups, only.30

The DRCR net – protocol B study compared IVTA 1

mg and 4 mg with laser photocoagulation in DME

treatment.31 After 2 years of follow-up, laser photocoagu-

lation was more effective and showed less adverse effects

than the two triamcinolone groups, probably due cataract

development.31 Nevertheless, in DRCR net – protocol I

study, IVTA was as effective as ranibizumab in improving

visual acuity in pseudophakic eyes.7,15

No significant adverse events were described for the

intravitreal injection procedures or medication used,

including retinal detachment, corneal disturbance or

endophthalmitis. An increase in IOP on D1 (mean of 0.9

mmHg) with subsequent normalization to baseline levels

was observed, with no patient requiring ocular
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Abbreviation: D, days after injection.
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antihypertensive treatment during the study period. In the

MEAD Study, approximately one-third of patients in all

DEX implant treatment groups presented a clinically sig-

nificant increase in IOP that subsequently required

treatment.17 However, over a period of 3 years, no cumu-

lative effect of the Dex implant on IOP was observed.17 As

only one intravitreal dexamethasone solution injection was

performed in the study, adverse events of frequent admin-

istration are unknown.

The primary limitation of this study is the absence of

comparison parameters due to the lack of previous studies

on this subject and no electrophysiological assessment of

the retina before and after intravitreal dexamethasone solu-

tion 4 mg/mL. Kwak et al evaluated retinal toxicity

induced by dexamethasone sodium phosphate in doses

ranging from 440 to 4000 μg in rabbit eyes.32 After the

440 μg dose, a transient increase in staining of the Muller

cells was observed, which normalized after 2 days.32

Progressively higher doses resulted in an increasing spec-

trum of disorganization in Muller and other retinal cells.32

Based on the mentioned data, we considered 4 mg/mL

dexamethasone solution maximum safe dose of 200 μg
(0.05 mL) in study planning.

The DRCR net – protocol U study compared ranibizu-

mab monotherapy with ranibizumab associated with intra-

vitreal dexamethasone implant 700 μg for the treatment of

persistent DME.25 This study revealed that the addition of

Ozurdex to continued ranibizumab therapy did not result in

improvement of visual acuity in subjects with persistent

DME at the 24-week analysis when compared to ranibizu-

mab continuous monotherapy.25 However, a significant

reduction in macular thickness was observed with combined

therapy as well as a significant improvement of 15 letters or

more when compared to ranibizumab monotherapy, sug-

gesting a future trend for use of combination therapies in

the treatment of DME.25 Subgroup analysis, considering

crystalline status, revealed greater improvement in visual

acuity with combined therapy in pseudophakic patients

compared to ranibizumab monotherapy.25 To eliminate the

confounding factor of lens status on visual acuity gains, the

present study included pseudophakic patients only.

Based on the aforementioned observations, one may

speculate that intravitreal 4 mg/mL dexamethasone solu-

tion may be indicated for diabetic patients in the following

situations: to reduce macular thickness before macular

photocoagulation laser therapy; to decrease the inflamma-

tory response that causes increase of macular thickness

following scatter photocoagulation laser therapy; to reduce

macular edema before surgical peeling of epiretinal mem-

branes; to reduce the initial postoperative inflammatory

response when injected intraoperatively during cataract

surgeries or peeling of epiretinal membranes or in the

adjunctive treatment of neovascular glaucoma with low

cost when compared to anti-VEGF therapy; or in combi-

nation therapies with anti-VEGF in the treatment of DME.

In summary, the current study demonstrated that

4 mg/mL dexamethasone solution, even when used

0.01 mL (40 μg), is effective in reducing DME in the

short term. Moreover, improvement in short-term visual

acuity was observed. Despite that one should consider that

DME is a disease that usually requires extensive treatment

to obtain satisfactory visual acuity results, it may be a

therapeutic option used in specific short-term situations

in the adjuvant treatment of DME in order to obtain better

therapeutic responses with low cost as it is widely avail-

able in clinics and hospitals.
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