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Abstract:

Obijectives: Despite the high prevalence of diabetic macular edema (DME), there is no definite treatment because of
its complicated pathophysiologic mechanism, which is still not fully understood. This study was performed to compare
the efficacy of intravitreal bevacizumab (IVB) with intravitreal triamcinolone acetonide (IVT) in patients exhibiting
diffused DME.

Methods: In this randomized clinical trial, eligible eyes were assigned randomly to one of the three study arms: the
IVB group, patients who received 1.25 mg IVB (30 eyes); the IVT group, patients who received 2 mg of IVT (30 eyes);
and the MPC group, patients who underwent modified grid laser (30 eyes). The eyes of the IVB and IVT patients
underwent macular grid photocoagulation 3 weeks afterward. Main outcome measures included change in central
macular thickness (CMT) and change in best-corrected visual acuity (BCVA) 6 and 12 weeks after injection.

Results: There was no difference between the IVB and IVT groups in terms of BCVA improvement a both 6 weeks
(p=0.532) and 12 weeks (p=0.751). In both IVB and IVT groups, BCVA improved significantly from baseline to 6 and
12 weeks compared with MPC group. CMT decreased more in the 1VB group than it did in the IVT group during the
follow-up period (p=0.036). CMT decreased significantly in both IVB and IVT groups compare with MPC group.
Conclusion: The results of our study revealed that both 1IVB and IVT may be effective in the treatment of diffused
DME compared with macular grid augmentation. However, IVB may offer certain advantages over triamcinolone in
the short-term management of diffused DME.
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INTRODUCTION:

Diabetic macular edema (DME), is one of the most
common causes of visual impairment in the
diabetic patients [1]. The worldwide prevalence of
diabetes is estimated to rise to 366 million by 2030
[2]. The 10-year incidence of macular edema in
patients with type 2 diabetes was up to 14%, and
29% of type 1 progressed into DME over a 25-year
period [3,4]. Hence, finding a safe and effective
treatment of DME becomes urgent. Despite the
high prevalence of DME, there is no definite
treatment because of its complicated
pathophysiologic mechanism, which is still not
fully understood. However, there is no single
modality that has been shown to be superior.

The Early Treatment Diabetic Retinopathy Study
(EDTRS) showed that  macular laser
photocoagulation (MPC) is effective in reducing
the risk of visual loss by approximately 50% in
eyes with clinically significant macular edema [5].
However, unsatisfactory outcomes are frequent,
and 12% treated eyes developed moderate visual
loss. Moreover, about 15% patients fall into the
category of refractory DME and do not respond to
repeated laser treatments. This shows that in spite
of laser being the gold standard treatment of DME,
some patients do not respond to laser [6]. Various
modalities of treatment are currently being tried in
the management of persistent; laser refractory
DME such as supplemental laser, intravitreal
steroid injection, and anti-vascular endothelial
growth factor (anti-VEGF) injection [7].

Ranibizumab and bevacizumab are two main anti-
VEGF agents for DME. Although ranibizumab has
been recently approved by the United States Food
and Drug Administration for the treatment of DME,
its cost is immense. Bevacizumab, which costs
much less than ranibizumab, is a full-length
recombinant humanized monoclonal antibody
directed against VEGF and has been used off label
in the treatment of ocular diseases including DME.
Some studies have indicated that intravitreal
bevacizumab (IVB) was effective for reducing
macular edema [8,9].

Triamcinolone acetonide, one of corticosteroids,
has the effect of anti-inflammatory and anti-
angiogenesis. Multiple reports have demonstrated
the similar performance of IVB versus intravitreal
triamcinolone acetonide (IVT) in patients with
DME [10,11].

With the increasing use of IVB and IVT, it is of
interest to uncover whether the compounded
intravitreal agents are more effective and safe. This
study was performed to compare the efficacy of
intravitreal bevacizumab (IVB) with intravitreal
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triamcinolone  acetonide (IVT) in patients
exhibiting DME.

MATERIALS AND METHODS:

Study design: Prospective, 3-armed, randomized
clinical trial.

Ethical considerations:

The study protocol adhered to the tenets of the
Declaration of Helsinki and was approved by the
institutional review board (IRB) of the Ahvaz
Jundishapur University of Medical Sciences Ethics
Committee. In addition, all participants signed an
informed consent form after a detailed explanation
of the study design, associated investigations for
scientific  purposes, and adjuvant imaging
procedures.

Sample size:

To have a power of 90%, a significance level equal
to 0.05, and an assumed standard deviation of 50
pum in central macular thickness (CMT), a sample
size of 30 eyes for each arm was calculated.

Participant:

Inclusion criteria for this study were the presence
of clinically evident diffuse DME confirmed by
fluorescence angiography (FFA) in patients who
had never previously underwent treatment with
laser photocoagulation, intravitreal injections, or
surgery. Clinically evident DME was defined as
central macular thickness more than 250 pm, as
measured by spectral domain optical coherence
tomography (SD-OCT) (Opko/OTI; Ophthalmic
Technologies, Toronto, ON, Canada) with a sponge
like appearance of the macula considered as diffuse
DME and without any evidence of vitreo-retinal
traction; retinal thickening within one disc area at
the fovea-center on clinical biomicroscopic
examination; and presence of hard exudates in the
perifoveal area, with or without subfoveal
involvement.

If both eyes in the same patient showed DME, only
one eye was randomly selected for analysis.

Patients with a history of previous treatments of
retinal photocoagulation or prior anti-VEGF
therapy, previous intraocular or peribulbar steroid
injection (within the previous six months),
proliferative diabetic retinopathy identified by
fluorescence angiography or with significant
optical media problems that could distort OCT
images, history of ocular diseases other than
diabetic  retinopathy, glaucoma or ocular
hypertension, ischemic maculopathy, massive
subfoveal hard exudates or subretinal fibrosis,
significant media opacity precluding retinal view,
vitreous surgery within the previous six months, or
significant cataract, patients having uncontrolled
diabetes mellitus, uncontrolled hypertension,
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patients with thromboembolic event within six
months, presence of traction on the macula
evidenced by optical coherence tomography
(OCT), monocularity, and pregnancy were
excluded from the study.

Patients fulfilling all inclusion and exclusion
criteria were evaluated with a detailed history,
complete systemic examination, and a thorough
ocular examination including the best corrected
visual acuity (BCVA) assessment using Snellen
visual acuity chart, anterior segment evaluation, slit
lamp biomicroscopy, intra ocular pressure (IOP)
measurement  using  Goldmann  applanation
tonometer, funduscopy, and central macular
thickness (CMT) measurement using optical
coherence tomography (Stratus OCT, Carl Ziess
Meditec Inc, Dublin, CA). All patients were also
evaluated for their metabolic control including
fasting and postprandial blood sugars, serum lipid
levels, renal function tests, and glycosylated
hemoglobin levels

- Randomization:

Randomization was performed using the randomly
permuted blocks according to a computer generated
randomization list. The block lengths varied
randomly (3, 6). A random allocation sequence was
performed by a biostatistician. Details of the series
were unknown to the investigators.

- Intervention:

Injections were performed under complete sterile
conditions using bovidine iodine 10% for eyelid
skin and 5% for ocular surface wash, followed by
applying at least 3 drops of eye drops to topical
anesthesia and insertion of a lid speculum.

Intravitreal injection was performed as follows:

e For the IVB group, 1.25/0.05 (mg/ml)
intravitreal anti-VEGF agent bevacizumab
(Awvastin, Genentech Inc., San Francisco, CA,
USA (made for F. Hoffmann- La Roche Ltd.
Basel, Switzerland)) was injected in the
inferotemporal quadrant with a 27-gauge
needle through the pars plana (3.5 mm from
limbus) into the vitreous.

e For the IVT group, 0.05 mL (2 mg)
triamcinolone acetonide (Triamhexal, Hexal
AG, Holzkirchen, Germany) was injected
with another 27-gauge needle in the
inferotemporal quadrant.

e In the MPC group, patients underwent
modified macular grid laser photocoagulation
augmentation. Macular grid laser
augmentation was performed by a single
experienced examiner according to the
modified ETDRS protocol with a spot size of
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100 p, pulse duration of 100 ms, and a power
of 50-100 mW titrated to produce mild
intensity burns in areas showing diffuse
leakage on the FFA in a ‘C’ shaped zone
between 500 and 3000 p from the foveal
center sparing the papilla-macular bundle
[12].

After the injection, all patients were prescribed a
topical antimicrobial drug, moxifloxacin 0.5% four
times a day for a week. The modified macular grid
laser coagulation 3 weeks after injection was
applied only in the VB and IVT group eyes.

- Masking:

In MPC group, a sham injection by a needleless
syringe pressed against the conjunctiva was done.
For complete masking, subjects were prevented
from seeing the syringe. All procidures were run by
staff members other than the study investigators to
maintain investigator masking. Additionally, the
outcome assessors (optometrists responsible for
visual acuity and OCT testing) and data analysts
were masked to the allocation.

- Follow up:

Patients in all the three groups were examined on
the first postprocedure day to look for any
complications following the procedure.
Examination of best corrected visual acuity, 10P,
detection of anterior chamber reaction, lens
opacity, and funduscopy were performed at day 1,
and weeks 1, 6, and 12 after injection.

Follow up visits were conducted by a single
masked investigator at 6 weeks and 12 weeks in
each group. BCVA was measured using the Snellen
chart and converted to logarithm of the minimum
angle of resolution (logMAR) notations. Lens
opacity was graded according to the Lens Opacities
Classification System IIl  (LOCS HI) (13).
Detection of macular thickness in 1 mm circle
centered around the fovea was done at the week 6
and week 12 follow-up.

- Statistical analysis:

The data were analyzed using SPSS ver. 12.0
(SPSS Inc., Chicago, IL, USA). Quantitative data
were expressed as Mean + Standard Deviation and
qualitative data were expressed as percentages.
paired t-test was used to detect the statistical
difference between the pre- and the post-injection
data; one-way ANOVA (analysis of variance) test
was used to detect the statistical difference in the
outcome measures at weeks 6 and 12; and the least
significant difference post hoc test was used to
detect the statistical difference between the results
of each pair of the study groups at the week 6 and
week 12 follow-up. P<0.05 was considered
statistically significant.
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RESULTS:

A total of 90 eyes of 90 patients were enrolled in
the study. For all the study patients, the mean age
was 60.08+7.46 years, with a minimum of 45 and
maximum of 75 years; males were 43 (47.78%),
and females were 47 (52.22%). Patients were
consecutively randomized to one of the three
treatment groups with 30 patients in each group.
Baseline demographic and clinical characteristics
for participants in the study groups are shown in
table 1. There were no significant differences
amongst the groups for baseline characteristics.

As shown in table 2, in 1VB group with regards to
the BCVA, there was significant difference
between the baseline and follow up results at week
6 (p=0.001); however, this difference was not
significant at week 12 (p=0.721). BCVA at 6 weeks
of follow up in the IVT group showed significant
improvement compared with the BVCA at baseline
(p=0.001) but at 12 weeks there were no significant
change compared with baseline measurement.
However, in the MPC group BVCA deteriorated at
12 weeks (Figure 1).

There was no difference between the 1VB and IVT
groups in terms of BCVA improvement a both 6
weeks (p=0.532) and 12 weeks (p=0.751). In both
IVB and IVT groups, BCVA improved
significantly from baseline to 6 and 12 weeks
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compared with MPC group (Table 3). As shown in
Table 2, Both groups IVB and IVT showed a
statistically significant decrease in the mean CMT
at 6 weeks compared with the baseline (p=0.004
and p<0.0001, respectively). At 12 weeks there
were no significant change compared with 6 weeks
measurements. However, CMT had not significant
changes at 6 and 12 weeks in MPC group (Figure
2).

CMT decreased more in the 1VB group than it did
in the IVT group during the follow-up period
(p=0.036). CMT decreased significantly in both
IVB and IVT groups compare with MPC group
(Table 3).

There was no significant 1OP increase or patient
requiring IOP reduction treatment in IVB group.
However, three eyes in MPC group and four eyes
in IVT group showed increase in 1OP from baseline
needing treatment with an average rise in 10P of
23mm of Hg. All the patients were managed
successfully medically with none of the eyes
needing a surgical intervention for the control of
IOP. No adverse events like endophthalmitis,
vitreous hemorrhage or retinal detachment were
observed in any group. No systemic side effects
with VB were observed in group 1 eyes. No
clinically significant cataract progression was noted
during the study period.

Table 1: Distribution of baseline characteristic in three treatment groups

Treatment Group

Characteristic VB T MPC P value
No. of eyes 30 30 30
Age (Years) 59.93+5.32 59.11+9.51 61.21+4.76 0.312"
Gender (M:F) 12/18 14 /16 17/13 0.001f
BCVA (logMAR) 0.63+0.27 0.59 £0.31 0.71+£0.22 0.114"
CMT (um) 417 £ 141 451 £ 139 439 +130 0.516"
IOP (mmHg) 149+29 144+23 145+3.1 0.455"

IVT, intravitreal triamcinolone; IVB, intravitreal bevacizumab; MPC, macular laser photocoagulation; BCVA,
best-corrected visual acuity; logMAR, logarithm of the minimum angle of resolution; CMT, central macular

thickness; 10P, intraocular pressure.

*Tested using the chi-square test; "Tested using the Mann-Whitney test

Table 2: Mean corrected visual acuity and central macular thickness for each treatment group before, 6
weeks and 12 weeks after intervention

CMT (um) BCVA (logMAR)
VB VT MPC VB VT MPC
Baseline 4174121 4514139 439+136 0.63+0.24  0.59+0.33  0.71+0.34
6 weeks 326+142 342+124 441494 047+0.14  0.49+024  0.69:+0.22
12 weeks 349+97 4074141 453+92 0.49+0.26 051039  0.730.27

IVT, intravitreal triamcinolone; IVB, intravitreal bevacizumab; MPC, macular laser photocoagulation; BCVA,
best-corrected visual acuity; logMAR, logarithm of the minimum angle of resolution; CMT, central macular
thickness.

e e -7 7
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Table 3: Multiple comparisons between the post-injection data in the three study groups using the least
significance difference test

Compared groups P value
BCVA 6 weeks post-injection VB VT 0.532
VB MPC 0.001
VT MPC 0.001
CMT 6 weeks post-injection VB VT 0.062
VB MPC <0.0001
VT MPC <0.0001
BCVA 12 weeks post-injection VB VT 0.751
VB MPC <0.0001
VT MPC <0.0001
CMT 12 weeks post-injection VB VT 0.036
VB MPC <0.0001
VT MPC 0.041

BCVA, best-corrected visual acuity; CMT, central macular thickness.
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Fig 1: Change of the mean best-corrected visual acuity in three treatment groups. IVT, intravitreal
triamcinolone; IVB, intravitreal bevacizumab; MPC, macular laser photocoagulation
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Fig 2: Change of the mean central macular thickness in three treatment groups. IVT, intravitreal
triamcinolone; VB, intravitreal bevacizumab; MPC, macular laser photocoagulation
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DISCUSSION:

In our study, we compare and evaluate IVB, IVTA,
and standard laser treatment in diffused DME. The
results of our study, however, revealed definite a
benefit with both 1VB and IVTA over grid laser
augmentation for treatment of diffused DME
compared with grid laser augmentation in terms of
both visual gain and reduction in CMT. Both IVB
and IVTA may be effective in the treatment of
diffused DME compared with macular grid
augmentation. However, intravitreal injection of
bevacizumab may offer certain advantages over
triamcinolone in the short-term management of
diffused DME, specifically with regard to changes
in central macular thickness.

In the studies by Chakrabarti et al [14] and Marey
and Ellakwa [15], the response to therapy with
bevacizumab showed superiority compared with
triamcinolone for DME. However, these studies
differed from that of Shimura et al [16] and Paccola
et al [17]. Shimura et al. compared the effect of an
IVB with that of IVT in persistent DME and results
show that with generally used concentration, IVT
showed better results in reducing DME and in
improvement of visual acuity than that of VB [16].
Paccola et al. compared the morphological and
visual outcomes associated with single IVT versus
IVB for the treatment of refractory diffuse DME
and results showed that one single IVT may offer
certain advantages over IVB specifically with
regard to changes in CMT [17].

And in the other study by Rensch et al [18], IVT
and IVB did not differ markedly in term of their
effects in improving BCVA and reducing macular
thickness. Which treatment are more effective
remains controversial.

Diabetic macular edema is characterized by
intraretinal and subretinal accumulations of fluid,
resulting principally from retinal vascular leakage
[7]. As evidenced by fluorescein angiography of
diffuse  DME, microvascular obstruction and
resultant ischemia induce derangements in the
integrity of the inner blood-retinal barrier. In
contrast, outer blood-retinal barrier damage at the
level of the retinal pigment epithelium has also
been suggested as a mechanism to explain the
development of diffuse edema [19]. Laser
photocoagulation has been the mainstay of
treatment for DME. Grid laser treatment for DME
is believed to reduce permeability of leaky blood
retinal barrier but several reports indicate that
photocoagulation itself may induce blood retinal
barrier breakdown and increased retinal thickness
soon after grid laser treatment [19,20]. It has also
been stated in previous studies that laser
coagulation of macular region often does not lead
to increase in vision and that macular edema
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especially in diffuse type may persists despite laser
treatment [12].

In diffuse DME, however, profound foveal
thickening, retinal opacification, and fluid
accumulation, predominantly in the retinal outer
layers, interfere with the transmission of laser
energy into the retinal pigment epithelium.
Furthermore, the laser effects on the retinal
vascular endothelium and photoreceptors are hard
to expect under such circumstance. In addition,
diffuse DME originates from a more generalized
breakdown of the blood-retinal barrier, representing
an advanced stage of diabetic retinopathy. For these
reasons, diffuse DME is associated with poor
prognoses despite grid laser photocoagulation [21].
Other reported adverse effects of laser
photocoagulation are foveal burns, visual field
defects, retinal fibrosis and subretinal laser scars
scotomas, field constriction decrease in dark
adaptation and development of choroidal
neovascularization [22,23].

The existence of substantial group of patients with
DME whose vision has failed to improve following
laser photocoagulation has prompted clinicians to
seek more effective treatment modalities. Steroids
and anti-VEGF drugs are newer treatments in
DME.

Intravitreal triamcinolone acetonide has been seen
to be effective treatment adjuvant in number of
studies. It has been seen to both improve vision and
reduce CMT in eyes with refractory DME.
Previous reports have demonstrated improvements
in the visual acuity and the alleviation of diffuse
macular edema after IVT [24,25]. Tunc et al. [26]
reported that eyes with diffuse DME undergoing
laser treatment had better VA outcomes after 18
weeks of treatment was preceded by a posterior
sub-Tenon's capsule injection of triamcinolone.
Kang et al. [27] randomized 86 eyes with diffuse
DME to receive either IVT or IVT followed by grid
laser and found laser treatment acted synergistically
with IVT resulting in an increased duration of
effect attributable to IVT. Avitabile et al. [28]
found that VA and macular thickness outcomes had
no apparent difference between the laser plus
triamcinolone and the triamcinolone alone groups.
Lam et al. [29] randomized patients with DME to
grid laser photocoagulation, IVT, or IVT combined
with grid laser. They showed that IVT combined
with laser produced a greater reduction in central
macular thickness compared to laser alone.

The exact mechanism of the maintenance of
improved vision and decreased central macular
thickness due to grid laser treatment after IVT is
unknown but we speculate that several factors are
involved. First, decreased foveal thickness after
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IVT may enhance the effects of grid laser
photocoagulation. ~ Without  IVT,  markedly
increased foveal thickness, subfoveal fluid, and
retinal opacity due to diffuse DME might interfere
with adequate laser burning of the retinal pigment
epithelium and photoreceptor layers. However,
after IVT, the decreased foveal thickness and
restoration of retinal transparency achieved by the
treatment would facilitate the delivery of the laser
energy selectively to the photoreceptors and retinal
pigment epithelia. Second, the possibility exists
that steroids might act beneficially in the process of
mature laser scar formation. It has been established
that 2 or 3 weeks should elapse for the formation of
a mature laser scar, and laser treatment itself
frequently induces the aggravation of macular
edema or inflammation during this period. The
presence of intravitreal steroids might exert certain
protective effects against the initial deleterious
events that follow grid laser treatment and might
also modulate retinal pigment epithelial remodeling
after grid laser treatment [7].

Although IVT has been reserved for DME
refractory to laser photocoagulation, IVT as a
primary treatment for diffuse DME has recently
been advocated because of its favorable results
[14]. The major limitation of using IVT as
adjunctive therapy for DME is the short duration of
action and the need for multiple injections. The
therapeutic effect of the steroid is typically seen
within one week, but in many patients, reinjections
are needed every 3-6 months as the effect
diminishes [7]. Repeated intravitreal injections,
however, do carry their own inconvenience and
risks including endophthalmitis and retinal
detachment. IOP and cataract progression were
reported as relatively common ocular side effects
among others [25].

The advent of anti-VEGF agents marks a major
advancement in treatment of various ocular
diseases. Bevacizumab is a pan-VEGF-blocking
agent and may impair normal physiologic VEGF-
mediated functions, which might be considered as a
disadvantage of this agent. Decrease in retinal
thickness and improvement in visual acuity has
also has been noted in patients with diffuse chronic
macular edema [30]. There are few reports
illustrating that visual loss can be due to disruption
of the capillary network and induction of macular
ischemia following intravitreal injection of
bevacizumab [31].

A randomized clinical trial by Soheilian et al
revealed that a single injection of IVB, as a primary
treatment for DME, more effectively improves
vision in the short term when compared to laser
therapy [32]. The BOLT study randomized patients
to laser therapy or intravitreal bevacizumab [33].
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At 24 months, the mean changes in BCVA were
statistically significantly higher in the bevacizumab
arm than in the laser arm. Lim et al [34] evaluated
the combination of bevacizumab plus triamcinolone
when compared with bevacizumab alone or
triamacinolone alone and found no statistically
significant difference between groups for BCVA or
CMT.

There was a low frequency of adverse events
reported in the included trials. A higher incidence
of mild anterior chamber reaction was reported in
bevacizumab groups compared with controls. The
incidence of IOP increase was comparable between
bevacizumab and laser. Soheilian et al [32] were
the only authors to report the incidence of lens
opacity.

We performed grid photocoagulation 3 weeks after
IVT and IVB because we thought that the
decreased foveal thickness and restoration of retinal
transparency achieved by injection might facilitate
adequate laser burning of the retinal pigment
epithelia and photoreceptors.

Further trials with a longer follow-up period,
randomized to laser photocoagulation alone, IVTA
alone, and combination therapy, may provide more
solid grounds for this new strategy for diffuse
DME.
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