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Treatment of diffuse diabetic maculopathy with intravitreal triamcinolone and
laser photocoagulation: randomized clinical trial with morphological and

functional evaluation

Tratamento da maculopatia diabética difusa com triancinolona intravitrea e fotocoagulagio
a laser: ensaio clinico randomizado com avalia¢do morfofuncional
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ABSTRACT

Purpose: Treatment of diffuse macular edema in diabetes mellitus is currently un-
satisfactory. The purpose of this double blind randomized clinical trial was to com-
pare the treatment of diffuse diabetic macular edema with intravitreal triamcinolone
or laser in type 2 diabetes mellitus patients using a morphofunctional assessment.

Methods: Fourteen patients (21 eyes) with clinically significant diffuse macular-edema,
previously untreated and with a macular thickness >250 um at optical coherence
tomography were randomized for treatment with laser or intravitreal injection of
triamcinolone acetate. Optical coherence tomography, biomicroscopy, fundoscopy,
fluorescein angiography, tonometry, scotometry, visual and contrast acuities were
performed at 0, 1, 3 and 6 months.

Results: At pre-treatment stage, Laser (n=9) and Triamcinolone (n=12) groups did
not differ regarding retinal thickness, visual and contrast acuities. In Triamcinolone
group macular thickness decreased after 1 month (424.1 £ 19.9 um to 3584+ 18.2 um;
p=0.04) and started to return to the initial values in the 3 month (p=0.02). No
changes occurred in macular scotometry and visual and contrast acuities. No side
effects were observed with both treatments.

Conclusion: During the study macular thickness diminished in the triamcinolone
group, especially in the first month of treatment. At 3 and 6 months there was no
difference. Macular thickness did not change during the study in the laser group. In
the study sample it was not possible to demonstrate differences relates to visual
acuity and scotometry between the two groups.

ClinicalTrials.gov Identifier: NCT00668239

Keywords: Macular edema/drug therapy; Triamcinolone/therapeutic use; Photocoa-
gulation; Diabetes mellitus; Tomography, Optical coherence

RESUMO

Objetivo: O tratamento do edema macular difuso diabético atualmente é insatisfatcrio.
O objetivo deste ensaio clinico randomizado duplo cego foi comparar, através de avalia-
caomorfofuncional, o tratamento doedemamacular difuso diabético com triancinolona
intravitrea ou laser em grade em pacientes com DM tipo 2.

Meétodos: Quatorze pacientes (21 olhos) com edema macular difuso clinicamente
significativo, sem tratamento prévio e com espessura macular >250 um a tomografia de
coeréncia optica (OCT) foram randomizados para tratamento com laser ou injecGo
intravitrea de acetato de triancinolona. Nos tempos 0, 1, 3 e 6 meses foram realizados
OCT, biomicroscopia, fundoscopia, angiografiafluoresceinica, tonometria, escotometria,
acuidade visual e de contraste.

Resultados: Na fase pré-tratamento, os grupos Laser (n=9) e Triancinolona (n=12) ndo
diferiram na espessura retiniana, escotometria, acuidade visual e de contraste. No grupo
Triancinolona houve redugdo da espessura macular apds 1 més (424,71 + 19,9 um vs.
3584 + 18,2 um; P=0,04) com retorno aos valores iniciais a partir do més 3 (P=0,02).
Ndo houve modificacdo significativa na escotometria macular, acuidade visual e de
contraste. Nao ocorreram efeitos colaterais nos tratamentos.

Conclusdo: Durante o estudo observou-se diminui¢do da espessura macular no grupo
tratado com triancinolona, principalmente no primeiro més de tratamento. Aos 3 e 6
meses de tratamento ndo houve diferenca. A espessura macular ndo modificou durante
o estudo no grupo tratado com laser. Nesta amostra estudada ndo foi possivel demons-
trar diferengas relacionadas a escotometria e acuidade visual entre os dois grupos.

Descritores: Edema macular/quimioterapia; Triancinolona/uso terapéutico; Fotocoa-
gulacdo; Diabetes mellitus; Tomografia de coeréncia dptica

INTRODUCTION

Diabetic retinopathy (DR) is the main cause of visual loss in adults.
Macular edema affects 29% of the patients with DR and is the main
cause of visual loss in this populationt?,

The Early Treatment Diabetic Retinopathy Study (ETDRS)® sho-
wed a major benefit of treatment with laser photocoagulation of
clinically significant macular edema. Although this treatment redu-
ces moderate visual loss by 50%, about 24% of treated eyes presen-
ted a thickened macula and consequently diminished sight after
36 months, suggesting that there is a subset of patients who are
resistant to laser photocoagulation treatment.

Prior studies assessing patients with diabetic retinopathy
showed that laser treatment of eyes with diffuse macular edema had
a worse result than eyes with focal macular edema', raising interest
in other therapeutic options including surgery, with pars plana
vitrectomy, pharmacological treatment with protein kinase C inhi-
bitors*”, and intraocular corticosteroids.

Corticosteroids treatment for ophthalmological diseases are being
studied® and used intravitreally in different diseases®. Among the
related adverse effects are transient increased intraocular pressure®”,
corticogenic glaucoma®, retinal detachment, and infectious endo-
phthalmitis, the latter with an incidence of 0 to 2.3%".
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TREATMENT OF DIFFUSE DIABETIC MACULOPATHY WITH INTRAVITREAL TRIAMCINOLONE AND LASER PHOTOCOAGULATION:
RANDOMIZED CLINICAL TRIAL WITH MORPHOLOGICAL AND FUNCTIONAL EVALUATION

Some studies presented good results using intravitreal triam-
cinolone acetate to treat diffuse diabetic macular edema in pa-
tients who did not have a significant improvement with laser photo-
coagulation (conventional treatment)'®'?. Most of these studies did
not describe the clinical characteristics of the patients studied!">419),
On the other hand, data about possible improvement using laser
after intravitreal triamcinolone are controversial'®”. A single non-
controlled study with a high dose of intravitreal triamcinolone (25 mg)
assessed this injection as a primary treatment for diabetic macular
edema"®.

Most studies with triamcinolone and laser photocoagulation con-
sider visual acuity as an outcome parameter, thus evaluating es-
pecially foveal function. It is likely that a more complete evaluation
of macular morphological and functional aspects will supply fur-
ther information about the results of these treatments. Few aspects of
diffuse diabetic maculopathy treatment have not yet been defini-
tively established, such as, the best method of treatment and the
correlation between morphological and functional results. It has also
not been defined whether the evaluation of functional results
should be done by analysis of foveal function or of the whole macula,
using other tools such as macular sensitivity and contrast.

The purpose of this study was to compare the treatment of diffuse
diabetic macular edema with intravitreal triamcinolone acetate or
grid laser in patients with type 2 diabetes mellitus (DM) using a
morphofunctional evaluation.

METHODS
PATIENTS

In this double blind randomized clinical trial against active treat-
ment, patients with type 2 DM and diffuse macular edema secon-
dary to DR were evaluated between September 2004 and June
2006. Consecutively included patients were attended in the Cen-
ter of Reference for Diabetic Retinopathy at Hospital de Clinicas de
Porto Alegre (HCPA) and at the Ophthalmology Outpatient Clinic
of HCPA.

The following inclusion criteria were considered: age greater
than or equal to 30 years; DR with clinically significant diffuse macu-
lar edema, according to criteria established by ETDRS?; no prior
treatment with laser and/or intravitreal injection of triamcinolone
acetate, and presence of central fixation, demonstrated in the Op-
tical Coherence Tomography (OCT). Exclusion criteria were: history
of glaucoma or ocular hypertension; intraocular surgery in the six
preceding months; opacities of the cornea, lens or vitreous which
would prevent performing laser or ophthalmological examina-
tions; proliferative diabetic retinopathy; history of allergy to fluo-
rescein or corticosteroids, and serum creatinine >2.5 mg/dl.

Type 2 DM was diagnosed in patients who had more than 30
years old at the diagnosis of DM with no previous episodes of ketoa-
cidosis, and no insulin treatment in the first 5 years after DM diag-
nosis. All patients underwent a clinical and laboratory assessment
before treatment, which included clinical history, blood pressure
measurements, fasting blood glucose (glucose-peroxidase co-
lorimetric enzymatic method- Biodiagnostica Kit, Roche Diagnds-
tica, Sdo Paulo, Brazil), glycosilated hemoglobin [A1C test; High
Performance Liquid Chromatography (HPLC) in a Merck-Hitachi®
(Darmstadt, Germany) 9100 apparatus; Reference values 4.8-6.0%],
and serum creatinine (Jaffé reaction) measurements.

OPHTHALMOLOGICAL ASSESSMENT

The ophthalmological assessment consisted of: OCT, visual acuity,
contrast acuity, scotometry, fluorescein angiography, intraocular pres-
sure measurement, indirect fundoscopy, and biomicroscopy. After this
evaluation patients were randomized to two treatment groups: triam-
cinolone or laser. New clinical, laboratory and ophthalmological eva-
luations were performed after one, three and six months.
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In order to perform OCT, images of the retinal layers were obtai-
ned, comprising the 6 mm in the center of the macula in nine con-
centric measures. The examination was performed by the same
investigator and at the same time (between 10 a.m. and 11 a.m.).
The OCT (Stratus 3, Carl Zeiss®, Oberkochen, Germany) was perfor-
med by an examiner who did not know the type of treatment to
which the patient was submitted (G.T.). The Macular Thickness pro-
gram was used to analyse macular thickness, using in the analysis
the highest obtained measurement (peak) in each assessment. The
patient’s fixation (central or excentric) was determined. Visual acui-
ty was measured with a table standardized by ETDRS, with im-
proved correction of refraction®. Contrast was evaluated in a man-
ner similar to visual acuity, using the Pelly-Robson table. The Hum-
phrey All 745 [Carl Zeiss® Oberkochen, Germany, (4) with operatio-
nal system 12.6] was used for scotometry (visual field 10-2). Visual
acuity and scotometry were evaluated by an investigator who did
not know the randomization group (C.M.). The camera used for
fluorescein angiography was FF450 PLUS IR (Carl Zeiss® Ober-
kochen, Germany). Tonometry was performed on both eyes using
the Perkins tonometer. Lens opacity was evaluated using the table
LOCS 1.

TREATMENT GROUPS

Laser treatment: argon laser (Crystal Focus - EMERED®, Jena, Ger-
many) was applied to the macular region according to the modified
grid technique in inverted C, preserving 500 p of the foveolus and
avascular zone, with 100 w diameter shots, energy varying from 0.2
to 0.5 joules, with a exposure time between 0.2 and 0.4 seconds.
One hundred and fifty to 200 shots were applied according to the
retinal area size'?.

Laser for masking (sham procedure): the same stages used for
laser treatment were performed, but energy was set to zero, resul-
ting in a simulation of the treatment.

Triamcinolone treatment: 0.1 ml (4 mg) of triamcinolone acetate
intravitreous was injected through the pars plana in a surgical envi-
ronment. The medication used was manipulated by the Ophthal-
mos chemist without a preservative agent.

Triamcinolone for masking: the same stages used for triamcino-
lone acetate injection were performed in a surgical environment
and the simulation of the injection was done by minimum pressure
in the patient’s conjunctiva using the capped needle.

STATISTICAL ANALYSIS

The sample size was calculated considering the main outcome,
retinal thickness, measured by OCT before and after treatment. Assu-
ming a mean reduction of the macular edema of 100 um" after
laser and a reduction of 250 um? after intravitreal injection, to
have a 90% power and 0.05 alpha, an estimative of 8 eyes for each
treatment group (difference of 150 um) had to be included.

Paired and non-paired t tests were used for comparison pur-
poses, as indicated. ANOVA for repeat measures followed by a mul-
tiple comparison test, LSD (least significant difference) was used to
analyse morphofunctional changes of the macula and clinical va-
riables during the study. Systolic and diastolic blood pressure chan-
ges were used as covariates to analyse the ophthalmological va-
riables at the different evaluation times.

Data were expressed as mean + standard deviation, as a per-
centage of patients with the characteristic, or as means (95% confiden-
ce interval). P values <0.05 were considered statistically significant.
Statistical analysis was performed using SPSS 14.0 (SPSS®, Chicago,
IL, USA).

ETHics

The study protocol was approved by the Ethics Committee/Inves-
tigational Review Board of HCPA and free and informed consent
was obtained from all patients.



RESULTS

Fourteen patients with type 2 DM and DR fulfilled the inclusion
criteria and agreed to participate in the study. Four male and 10
female patients, aged 59.3 + 6.0 years (52 to 67 years) with DM
duration of 15.0 + 7.3 years (5 to 28 years) were assessed. Two of
these patients were being treated with intermediate action insulin,
five were using anti-hyperglycemic drugs (metformin, glibencla-
mide) and six patients, insulin and anti-hyperglycemic drugs. All
patients were hypertensive and used enalapril maleate. Two patients,
one in each treatment group, also used hydrochlorothiazide. No me-
dication was changed or included during the study.

Seven patients were randomized to treatment with triamcino-
lone and seven to laser treatment. Twenty-one eyes were studied:
19 with non-proliferative moderate DR and two with non-prolife-
rative severe DR. Seven patients were treated in both eyes: five
patients in the Triamcinolone group and two patients in the Laser
group.

Table 1 describes clinical and laboratory evaluated parameters
before treatment and in the 1%, 3¢, and 6™ month. These features
were compared between the patients of the Triamcinolone group
and the Laser group in the beginning of the study: systolic blood
pressure, diastolic blood pressure, fasting blood glucose, AIC test,
and serum creatinine and were not different among the two groups.

During the study, systolic blood pressure increased in the group
treated with triamcinolone. End-of-study diastolic blood pressure
values were higher than pre-treatment values in both groups. Fas-
ting blood glucose, AlIC test, and serum creatinine did not change
during the study in the Triamcinolone and Laser groups.

Table 2 shows the ophthalmological parameters before treat-
ment and after 1, 3, and, 6 months.

Macular thickness, scotometry, visual and contrast acuity measu-
rements, and intraocular pressure were not different in the Triam-
cinolone and Laser groups in the pre-treatment period. The analy-
sis of OCT measurements during the study was adjusted to systolic
and diastolic blood pressure changes (delta) from baseline to the
end-of-study. During the study macular thickness diminished in
the Triamcinolone group. This reduction was observed in the first
month of treatment. At the 3 and 6" months there was no diffe-
rence in the macular thickness as compared to pre-treatment
values. Considering the absolute values of retinal thickness obtai-
ned in OCT minus the reference value of retinal thickness (206 um),
the reduction observed in the 1t month of treatment with triam-
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cinolone was 30.1 £ 2.0%. The macular thickness returned to the
pre-treatment value with recurrence of macular edema that
started in the 3 month. Macular thickness did not change during
the study in the Laser group.

Visual and contrast acuities and intraocular pressure were not
evaluated at the end-of-study in all patients due to non-complian-
ce with schedules after end-of-study OCT was performed. Those
exams did not change during the study in both treatment groups.
In the Triamcinolone group the improvement of macular sensiti-
vity in the 3" month, as evaluated by scotometry, did not attain the
statistical adopted significance.

In both treatment groups no patient developed cataract, uveitis,
vitreitis, retinal detachment, endophthalmitis, or any possibly treat-
ment related side effects.

DISCUSSION

In this study, the eyes of patients with type 2 DM and diffuse
macular edema treated with intravitreal triamcinolone had a grea-
ter retinal thickness reduction in the 1" month post-treatment as
compared to the eyes treated with laser photocoagulation. This
retinal thickness improvement observed with triamcinolone treat-
ment remained up to the 3 month of the study. Subsequently, the
macular edema recurred in all patients.

The morphological evaluation of the macula was performed by
OCT, enabling retinal layers visualization. This methodology has a
resolution close to that of histology, and allows quantification of the
macular thickness. In addition, all measurements were performed at
the same time of the day to avoid diurnal variation of retinal thickness.
This procedure, associated with the masking of the investigators and
patients, ensured accurate evaluation of retinal edema.

In patients with DM and diffuse macular edema, the use of triam-
cinolone alone was evaluated in a single study""®. Despite favoura-
ble results in OCT and visual acuity in this non-controlled study, a
much higher triamcinolone dose was used as compared to the present
study (25 mg vs. 4 mg). Furthermore, a major increase in intraocu-
lar pressure that required surgery was observed in 13% of the pa-
tients. Only a recently published study compared the results of
intravitreal triamcinolone, laser or both treatments”. In the com-
bined treatment group, the laser was performed 30 days after
intravitreal injection of triamcinolone. The results reported were
similar to those of the present study, with improved retinal thickness

Table 1. Clinical and laboratory characteristics of the groups treated with triamcinolone and laser during the study

N Pre-treatment 1 month 3 months 6 months p°

SBP (mmHg)

Triamcinolone 7 1357 £ 9.8 1371 £ 111 148.6 = 12.1 1543 + 190 0.004°

Laser 7 1371 £ 76 1457 = 11.3 1543 + 18.1 1586 £ 21.2 0.059
DBP (mmHg)

Triamcinolone 7 80.0 £ 5.8 80.0 £ 5.8 87.1 £ 49 900 £ 116 0.008¢

Laser 7 836 £ 75 893 + 84 914 £ 10.7 964 + 94 0.0444
Glycemia (mg/dl)

Triamcinolone 7 2145 + 528 202.3 + 544 191.8 + 51.5 1933 £ 414 0.231

Laser 7 201.2 £ 56.0 194.0 + 382 200.8 £+ 50.2 188.0 £ 33.7 0.656
A1C test (%)

Triamcinolone 7 88 + 1.6 89 + 20 89 + 19 93+ 23 0458

Laser 7 81+ 16 83 £ 1.7 8.1 + 1.7 79+ 16 0.202
Creatinine (mg/dl)

Triamcinolone 7 0.88 £ 0.26 092 + 0.25 0.87 + 0.22 0.95 + 0.30 0.140

Laser 7 0.70 £ 0.13 0.68 £ 0.12 0.72 £ 0.12 0.68 + 0.12 0317

SBP=systolic blood pressure; DBP= diastolic blood pressure
2= ANOVA for repeated measures; °= multiple comparisontest: LSD (Least Significant Difference) p=0.049 for pre-treatment vs. 3 months, p=0.021 for pre-treatmentvs.6 months, p=0.047
for 1vs.3months, p=0.017for 1 vs.6 months; ‘= multiple comparison test:LSD (Least Significant Difference) p=0.047 for pre-treatment vs. 3 months, p=0.038 for pre-treatmentvs.6 months;

d=multiple comparison test: LSD (Least Significant Difference) p=0.047 for pre-treatment vs. 1 month, p=0.038 for pre-treatment vs.6 months
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Table 2. Ophthalmological characteristics of the groups treated with triamcinolone and laser during the study

N Pre-treatment 1 month 3 months 6 months p?

OCT (um)

Triamcinolone 12 4241 £ 199 3584 + 182 420.50 +33.77 424.5 £ 29.1 0.013°

Laser 9 3804 + 32.2 366.1 £ 36.6 332.20 £ 27.50 3484 + 358 0.132
Scotometry (dB)

Triamcinolone I -136.3 + 100.8 - 914 +48.7 - 0.073

Laser 4 -151.0 £ 157.0 - -95.5 +46.5 - 0.498
Visual acuity (ETDRS)

Triamcinolone 10 0.97 £0.30 - 0.84 £0.14 - 0.096

Laser 6 0.72 +0.25 - 0.73 £0.34 - 0.842
Contrast (Pelly-Robson)

Triamcinolone 10 093 £0.29 - 1.10 £0.24 - 0.170

Laser 3 0.90 £ 0.26 - 1.14 £0.20 - 0.721
Intraocular pressure (mmHg)

Triamcinolone 12 134£18 125£16 13.0 £ 2.1 130£16 0.541

Laser 9 121 +£15 127 £ 09 12.1 £09 124 £ 1.1 0471

OCT=optical coherence tomography

2= ANOVA for repeated measures with systolicand diastolic blood pressure as covariates; = multiple comparison test: LSD (Least Significant Difference) p=0.040 for pre-treatment vs. 1 month,

p=0.020for 1 vs.3 months, p=0.025 for 1 vs.6 months

only in the patients who received triamcinolone. However, about
40% of the patients had been treated with photocoagulation
before they entered the study. Moreover, the authors studied
patients with type 1 and type 2 DM and did not supply any informa-
tion about glycemic and blood pressure control of the patients.
The overall macular function was not evaluated and foveal function
was evaluated by visual acuity.

The recurrence of increased retinal thickness in all patients,
observed after the 3' month, was probably related to poor meta-
bolic and blood pressure control of studied patients. Indeed, the
mean values of AlC test (>8.8%) were above those usually recom-
mended® (<7%). Furthermore, during the study the patients pre-
sented a significant increase in blood pressure values unrelated to
the change in their anti-hypertensive treatment. It is well known that
poor glycemic and pressure control is a risk factor for diabetic ma-
culopathy®’. However, this sample of patients is probably repre-
sentative of most diabetic patients seen in outpatient routine. Poor
glycemic and blood pressure control is observed both in developing
countries like Brazil?? and in developed countries®?. The influence of
glycemic and pressure control in diabetic maculopathy is reinforced
by the observation that in studies that demonstrated a more lasting
effect (six months) of intravitreal triamcinolone, the patients had
better metabolic and blood pressure control21419),

No improvement was seen in visual acuity as evaluated by the
ETDRS Table in the patients of the Triamcinolone group or the Laser
group. Other authors also observed improved macular edema
without improved visual acuity using triamcinolone'. These fin-
dings can probably be accounted for by the damage caused to the
foveal cells as a result of edema and serous detachment (macula-
off). In this sense, other overall methods to evaluate the macula
(sensitivity to contrast using the Pelly-Robson Table and macular
scotometry) should also be used. In the present study, the post-
triamcinolone recovery of macular sensitivity measured by scoto-
metry was about 34%, but this improvement had borderline statis-
tical significance. All the patients whose scotometry improved also
presented a reduction in the retinal thickness evaluated by OCT
(Figure 1). However, probably because not all patients underwent
scotometry, there was no statistical proof of this morphofunctional
association with the response to treatment with triamcinolone.

The triamcinolone dose used, 4 mg intravitreally, did not cause
increased intraocular pressure in the present study. It has already
been shown that probably there was not any advantage in using
high triamcinolone doses®. Furthermore, intraocular pressure in-
crease of 20 to 80% may also occur independent of the triamcino-
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Pre-treatment with triamcinolone Post-treatment with triamcinolone

Visual acuity: 1.0
Figure 1.Morphological and functional evaluation with triamcinolone treatment.

Visual acuity: 0.8

lone dose used 71213, Possibly in the present study the use of triam-
cinolone manipulated without any addition of preservatives agents
may have contributed to the absence of this complication. Also, no
progression or onset of cataract, or other complications related to
intravitreal injection, such as retinal detachment or endophthalmitis,
were observed in the eyes studied.

Among the possible limitations of this study is the number of
patients evaluated. Moreover, scotometry could not be performed
in all patients. This fact probably accounts for the non-statistical
significance in the improvement in macular sensitivity. However,
the design used and the adoption of treatment simulation, both for
triamcinolone and for laser treatments, support the importance of
the present data. This study should be expanded with a greater
number of patients and the correlation of macular function with
retinal thickness confirmed.



Short duration treatment with triamcinolone was effective and
safe in this sample of patients with type 2 DM. It is likely that to
prolong the beneficial effects of triamcinolone, intensified glycemic
and blood pressure control should be part of the treatment of diffuse
diabetic maculopathy. The alternative of using laser after intravitreal
triamcinolone is still controversial™'” and it must be evaluated in
well-designed clinical trials. The possibility of association with other
pharmaceuticals used intravitreally, such as the anti-VEGFs (pegapta-
nib sodium), may also be a therapeutic alternative to improve the
results of the treatment of diabetic maculopathy®

During the study macular thickness diminished in the triamci-
nolone group, especially in the first month of treatment. At 3 and 6
months there was no difference. Macular thickness did not change
during the study in the laser group. In the study sample it was not
possible to demonstrate differences related to visual acuity and
scotometry between the two groups.
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