
Introduction

Macular oedema is the main cause of
visual loss in diabetic patients, affect-
ing around 30% of the patients who
have had the disease for more than
20 years (Klein et al. 1984). The Early
Treatment Diabetic Retinopathy Study
(ETDRS) investigated the role and the
uniformization of photocoagulation
for the treatment of diabetic macular
oedema (DMO). In this study, focal or
grid macular photocoagulation showed
a 50% reduction in the risk of develop-
ing moderate visual loss in 3 years.
However, in 24% of the treated eyes,
visual acuity (VA) was maintained
or became worse (Early Treatment
Diabetic Retinopathy Study 1985).

Many studies have demonstrated
VA and macular thickness improve-
ment after intravitreal injections in
diabetic patients with macular oedema
refractory to treatment with photoco-
agulation. These studies involve the
use of intravitreal triamcinolone ace-
tonide (Martidis et al. 2002; Jonas
et al. 2003a; Massin et al. 2004; Gillies
et al. 2004, 2006; Larsson et al.
2009), and more recently the use of
intravitreal bevacizumab (Haritoglou
et al. 2006; Arevalo et al. 2007;
Scott et al. 2007; Fang et al. 2008;
Lam et al. 2009). The DRCRnet study
determined, however, that at the end
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ferent drugs, a statistically significant difference in CFT in weeks 4 and 12 was
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DMO, providing longer lasting visual improvement, relative to bevacizumab. Eyes
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studies are needed to corroborate these findings.
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of 3 years, the use of triamcinolone
acetonide alone did not result in
benefits greater than that obtained by
macular photocoagulation alone (Beck
et al. 2009). In clinical practice,
the use of focal photocoagulation
associated with triamcinolone or bev-
acizumab is relatively frequent, and
studies on these associations have
demonstrated the benefits of therapy
combined with photocoagulation, as a
sole treatment option (Kang et al.
2006; Shimura et al. 2007; Saraiva
et al. 2008; Maia et al. 2009).

There are questions over which
drug, associated or not with focal
photocoagulation, would be more effi-
cient in the reduction of the oedema.
Recently, two studies compared intra-
vitreal bevacizumab with intravitreal
triamcinolone acetonide for the treat-
ment of DMO. In both studies, triam-
cinolone was more efficient (Paccola
et al. 2008; Shimura et al. 2008).

The goal of this study is to compare
the effect of a single intravitreal injec-
tion of triamcinolone acetonide and
bevacizumab in reducing central mac-
ular thickness measured by optical
coherence tomography (OCT) in
patients with macular oedema second-
ary to diabetic retinopathy.

Patients and Methods

Patient eligibility

This is a prospective, double-blind,
interventionist, comparative and ran-
domized study, performed in the Refer-
ence Center in Ophthalmology of the
Federal University of Goias, Brazil.
Patients who fit the criteria were
included after having read and signed
an informed consent form. Inclusion
criteria were as follows: DMO with or
without previous photocoagulation
with central macular thickness mea-
sured by OCT of more than 300 lm in
both eyes, glycosylated haemoglobin of
up to 1% above the reference value of
the method and blood pressure lower
than 160 · 90 mmHg measured at
initial visit. Exclusion criteria were as
follows: retinal disease other than dia-
betic retinopathy, unilateral pseudo-
phakia, cataract surgery <3 months
before the enrolment, intravitreal or
periocular injection of triamcinolone
or bevacizumab, previous vitrectomy,
retinal photocoagulation <3 months
before the enrolment, active prolifera-

tive diabetic retinopathy, macular
ischaemia diagnosed by fluorescein
angiography, use of corticosteroids
orally or injected <30 days before this
trial, patients with glaucoma or patients
with cataract that could preclude fun-
dus evaluation and diagnostic tests.

The medical history of all the
patients considered for inclusion in
this study was taken, and they all
underwent a comprehensive ocular
examination which included measure-
ment of best corrected visual acuity
(BCVA), anterior segment biomicros-
copy, applanation tonometry and slit-
lamp biomicroscopy of the macula. A
TRC-50IA fundus camera (Topcon,
Tokyo, Japan) and the software IMA-
GEnet 2000 were used to perform
fluorescein angiography and to detect
macular ischaemia or retinal neo-
vascularization. OCT was used to
measure central foveal thickness (CFT)
– a 1000 -lm central field obtained by
six scans of the ‘Fast Macular Thick-
ness’ software (OCT-3 Stratus; Zeiss
Systems, San Leandro, CA, USA).

Treatment and follow-up

The drawing to randomize the patients
to the drug which would be injected in
one of the eyes was conducted by
someone not participating in the study.
Each patient received one intravitreal
injection of 1.25 mg (0.05 ml) bev-
acizumab (Avastin; Genetech, Inc,
Redwood city, CA, USA) in one eye
and 4.0 mg (0.1 ml) triamcinolone ace-
tonide (Theracort 40 mg, Igepharma
S.A., Sao Paulo, Brazil) in the contra-
lateral eye. All the injections were
given by the same investigator, in a
sterile environment, after topical
anaesthesia with proximetacaine at 5%
(Anestalcon; Alcon, Sao Paulo, Brazil)
and instillation of povidone-iodine at
5%. The drug was injected through
pars plana by a standardized tunnel
technique at 3.5 mm from the corneal
limbus with a 30-gauge needle (Rodri-
gues et al. 2007). Immediately after the
injection, one of these two tests was
performed: VA measured with the fin-
ger counting method or indirect oph-
thalmoscopic evaluation of central
retinal artery perfusion. After the pro-
cedures, the patients were instructed to
use gatifloxacin antibiotic eye drops at
0.03% every 6 hr for 1 week (Zymar;
Allergan, Guarulhos, Brazil).

All the patients were evaluated at the
1st and 7th postoperative days by the
treatment investigator. Only this inves-
tigator knew what treatment had been
used in each eye. At the 4-, 12- and 24-
week follow-up visits, the ophthalmo-
logical examinations were performed
by the follow-up investigator. Both the
OCT and the fluorescein angiography
were performed by certified examiners.
If the intraocular pressure (IOP) was
higher than 21 mmHg in any of the vis-
its, the patient would be treated with
antiglaucoma eye drops.

Statistical analysis

Descriptive statistics was used to pres-
ent the data asmeans and standard devi-
ation. Kolmogorov–Smirnov test was
performed. CFT and IOP showed nor-
mal distribution while VA was deter-
mined as a nonparametric variable.
Student’s t-test was used to calculate
statistical differences between CFT val-
ues and IOP during the pre- and post-
treatment visits, for the samples paired
for the follow-up analysis of eyes receiv-
ing the same type of drug. The same
t-test was used for independent samples,
for different treatment groups. The
Wilcoxon and the Mann–Whitney tests
were used to analyse VA test values, and
a p value of <0.05 was considered
statistically significant. The two-tailed
p analysis was used for all the tests.

Results

Thirteen patients were included in the
study, and two were excluded from the
sample. One patient did not attend
the 4- and 12-week visits, and the other
because OCT foveal images were dis-
placed from actual foveal centre in the
initial visit. The remaining 22 eyes of
11 patients completed the 6 months
proposed for follow-up and were
studied.

Among the 11 patients studied, six
were men (54.55%). All the patients
had type 2 diabetes mellitus, and the
mean age was 64.6 ± 9.75 years. One
patient presented bilateral pseudopha-
kia (9.1%), and the remaining patients
presented lenses bilaterally (90.9%).

Foveal thickness

In the initial visit, the CFT in the
patients who would be treated with tri-
amcinolone was 453 ± 88 lm, while in
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the group of patients receiving bev-
acizumab, CFT was 528 ±105 lm. No
significant difference was found
between them (p = 0.087).

Four weeks after the triamcinolone
injection, CFT decreased to 266 ±
53 lm (p < 0.001). In 12 weeks, it
measured 296 ± 96 lm (p = 0.003)
and in 24 weeks, 406 ± 125 lm (p =
0.17). At the 24-week visit, no statisti-
cally significant difference was noted,
relative to the initial visit.

In the group of eyes injected with
bevacizumab, a statistical difference
was noted in the CFT between the ini-
tial and the 4-week visit when CFT
was 389 ± 84 lm (p = 0.002) and
between the initial and the 12-week
visit when CFT was 399 ± 120 lm
(p = 0.02). Compared to the initial
visit, a CFT of 486 ± 150 lm
(p = 0.43) measured at the 24-week
follow-up visit showed no statistically
significant difference.

Between the two groups of eyes
treated with different drugs, there was
a significant difference in the CFT
in week 4 (p < 0.001) and 12 (p =
0.038), but there was no statistical dif-
ference between the groups at the 24-
week visit (p = 0.18). CFT values are
shown in Figs 1 and 2.

Visual acuity and intraocular pressure

In patients treated with triamcinolone,
VA improved from 0.72 ± 0.23 Log-
Mar to 0.50 ± 0.26 (p = 0.02) at the
4-week visit and to 0.49 ± 0.31 (p =
0.01) at the 12 -week visit. At the 24-
week visit, VA was 0.59 ± 0.41 (p =
0.18), a difference which was not
statistically significant, relative to the
initial visit.

In those patients treated with bev-
acizumab, VA improved from 0.72 ±
0.37 LogMar to 0.55 ± 0.27 (p =
0.02) at the 4-week visit. At the 12-

week visit, VA was 0.63 ± 0.30 (p =
0.18) and at the 24-week visit, VA
was 0.72 ± 0.36 (p = 0.95). There
was no difference between the 12- and
24-week visits, relative to the initial
visit.

Among the treated groups, no sta-
tistical difference was noted in any of
the visits, with regard to VA: initial
visit (p = 0.79), 4-week visit (p =
0.57), 12-week visit (p = 0.27) and
24-week visit (p = 0.45). The VA val-
ues measured at each visit, using the
LogMar scale, are found in Figs 3
and 4.

Regarding IOP in the group of eyes
treated with triamcinolone, no statisti-
cal difference was found between the
initial visit and the 4-week (p = 0.08)
and the 24-week visits (p = 0.25).
However, a statistically significant dif-
ference regarding week 12 (p = 0.01)
was determined. Among the eyes trea-
ted with triamcinolone, IOP in three
eyes (27.3%) increased to more than
21 mmHg, and for this reason, they
were treated with antiglaucoma drugs.
In the group of eyes treated with bev-
acizumab, no difference in IOP was
found between the initial visit and the
4-week visit (p = 0.10), the 12-week
visit (p = 0.14) and the 24-week visit
(p = 0.11). In the group of eyes
treated with bevacizumab, all the
IOP measurements were below
21 mmHg.

Among the groups of eyes treated
with triamcinolone and bevacizumab,
no difference was found between the
IOP value determined in the initial
visit (p = 0.49), the 4-week (p = 0.08),
the 12-week (p = 0.08) and the 24-
week visits (p = 0.45).

Discussion

The doses used in this study corre-
sponded to those frequently used in
the clinical practice and in previous
studies (1.25 mg bevacizumab and
4.0 mg triamcinolone acetonide) (Mar-
tidis et al. 2002; Massin et al. 2004;
Haritoglou et al. 2006; Gillies et al.
2006; Scott et al. 2007; Arevalo et al.
2007; Paccola et al. 2008; Shimura
et al. 2008). The mechanisms involved
in establishing macular oedema involve
inflammatory factors and increased
levels of vascular endothelial growth
factor (Funatsu et al. 2008; Patel et al.
2008). For this reason, at least theoret-
ically, it would be possible to attribute
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Fig. 1. Diagram showing the individual course of central foveal thickness after intravitreal

injection of triamcinolone acetonide for all eyes included in the study.
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Fig. 2. Diagram showing the individual course of central foveal thickness after intravitreal

injection of bevacizumab for all eyes included in the study.
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a beneficial effect when corticosteroids
and antiangiogenic agents were used to
treat diabetic oedema.

In this study, a reduction in CFT
was observed in both groups. Both
the single intravitreal injection of
triamcinolone and the single injection
of bevacizumab caused a significant
reduction in CFT at the 4-week
and 12-week follow-up, relative to the
initial visit. However, when we com-
pare the effects of both drugs, triam-
cinolone showed a greater reduction
power, regarding the CFT, and this
effect was more pronounced at weeks
4 and 12. At the 24-week follow-up
visit, an increase in the CFT was
noted, and there was no significant
difference among the groups studied.
The data are similar to those obtained
by the investigations conducted by
Paccola et al. (2008) and Shimura
et al. (2008), suggesting that triamcin-
olone is better at reducing DMO than
bevacizumab.

Regarding oedema reduction in
terms of percentage, in the 4-week
visit, the investigators noted a 41.26%
reduction in the CFT in eyes treated
with triamcinolone, compared to
26.41% in the bevacizumab-treated
eyes. Shimura et al. (2008) found, in a
1-week follow-up, a 34.4% reduction
with triamcinolone and a 24.2%
reduction with bevacizumab, while the
results of the Pan-American Collabo-
rative Retina Study Group showed a
25.6% reduction in the oedema at
week 4 (Arevalo et al. 2007), which is
similar to data from this study. In the
Paccola et al. (2008) and the Shimura
et al. (2008) studies, this more signifi-
cant reduction in the oedema in eyes
treated with triamcinolone persisted
until the 24-week visit, in spite of the
trend towards an increase in the
oedema in both groups. This study
showed a worsening of the oedema at
the 24-week visit in both groups of
eyes included in the study, and these

findings were similar to those found
by Massin et al. (2004), who com-
pared a single triamcinolone intravi-
treal injection to the untreated
contralateral eye in patients with
DMO. These observations suggest the
limited effect of both drugs in terms
of reducing macular oedema, with a
trend towards an increase in foveal
thickness in periods longer than
6 months. Successive injections are
needed to maintain the reduction
effect of the oedema for long periods
of time (Gillies et al. 2004; Kook
et al. 2008; Beck et al. 2009; Lam
et al. 2009).

A frequent adverse effect described
for the intraocular use of triamcino-
lone is corticosteroid glaucoma.
Several studies have demonstrated an
increase in IOP to more than
21 mmHg in treated eyes followed for
more than 1 month (Jonas et al.
2003b, 2004; Smithen et al. 2004; Gil-
lies et al. 2004), with the incidence
ranging from 36 to 52% of the
patients. In this study, the IOP was
higher than 21 mmHg in three
(27.3%) of the 11 eyes treated with
triamcinolone, in one of the visits. Of
the three affected eyes, two had
increased IOP in the 12-week visit and
one in the 24-week visit. A statistically
significant difference was found
between values obtained in the initial
visit and those obtained in the 12-
week visit. Absence of statistical sig-
nificance in week 24 could be
explained by a possible reduction in
mean IOP, caused by the reduction in
the triamcinolone effect, or even
because of the normalization of the
IOP of the two patients who had
shown an elevated IOP in the 12-week
visit. They were then treated with an-
tiglaucoma drugs. The stability of
IOP values in patients who received
bevacizumab makes it a potential
adjuvant drug for the treatment of
DMO, especially in patients with
glaucoma or with increased IOP,
resulting from the use of cortico-
steroids.

Regarding VA, both medications
resulted in visual improvement. The
benefit of triamcinolone, however,
was more prolonged and statisti-
cally significant at weeks 4 and 12,
while for bevacizumab, an improve-
ment was only noted in week 4, with
a visual worsening in subsequent
visits.
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Fig. 3. Diagram showing the individual course of visual acuity after intravitreal injection of tri-

amcinolone acetonide for all eyes included in the study.
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Some limitations can be identified in
the present study. Besides the small
number of eyes studied, there was no
separation between patients who had
already received previous macular pho-
tocoagulation from treatment naı̈ve
patients. Glycosylated haemoglobin
and blood pressure levels were only
measured at the initial visit. During the
follow-up period, uncontrolled blood
pressure or glycemia levels might have
been undiagnosed. In this series, 20
eyes (90.9%) were phakic, and all these
eyes had at least initial cataract. The
presence of cataract may have contrib-
uted to the absence of significant differ-
ence in VA between groups treated
with different drugs.

In this study, the investigators com-
pared single intravitreal injections of
triamcinolone and bevacizumab in
paired eyes, for the treatment of
DMO. The study demonstrated that
triamcinolone acetonide was more
efficient in reducing oedema and
provided a longer lasting visual
improvement, relative to bevacizumab.
During the follow-up period, however,
eyes treated with triamcinolone had
the highest percentage increase in
IOP. New studies, with a greater num-
ber of patients, are needed to corrobo-
rate these findings.
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