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Abstract
· AIM: To assess possible benefits of intravitreal
triamcinolone acetonide (IVTA) injection as pretreatment
for macular laser photocoagulation (MLP) in patients with
diabetic macular edema (DME).

· METHODS: Published randomized controlled trials
(RCTs) concerning MLP with or without IVTA
pretreatment for DME were retrieved from databases
CNKI, Medline, EMbase, Web of Science, and the
Cochrane Library. A Meta -analysis on eligible studies
was conducted using RevMan 5.0 software. Two
investigators independently assessed the quality of the
trials and extracted data. Main outcome measures
included the change in best -corrected visual acuity
(BCVA), difference in central macular thickness (CMT)
and adverse events reporting in particular elevated
intraocular pressure within the follow -up period. The
results were pooled using weight mean difference (WMD)
or odds risk (OR) with their corresponding 95%
confidence intervals (CI). A fixed - or random -effect
model was employed depending on the heterogeneity of
the inclusion trials.

· RESULTS: Finally, five independent RCTs were
identified and used for comparing MLP with IVTA
pretreatment (131 eyes) with MLP alone (133 eyes,
control group). The overall study quality was relatively
higher according to the modified Jadad scale. The Meta-
analysis showed that MLP with IVTA pretreatment
significantly reduced CMT at one, three and six months
( =0.002, 0.0003 and 0.04, respectively), compared with
MLP alone. The IVTA pretreatment group showed
statistically significant improvements in BCVA at the
one -month follow up as compared with the control
group ( =0.03). At three - and six -month follow up,

there was a beneficial trend towards improving visual
acuity in the IVTA pretreatment group without statistical
significance between groups ( =0.06 and 0.20,
respectively). The incidence of elevation of intraocular
pressure was significantly higher in the IVTA
pretreatment group than in the control group ( <0.0001).
No evidence of publication bias was present according to
Begg's test and Egger's test. There was a low level of
heterogeneity in the included studies.

·CONCLUSION: This Meta-analysis indicates that MLP
with IVTA pretreatment has a better therapeutic effect in
terms of CMT reduction and earlier (1mo) visual
improvement for patients with DME as compared with
MLP alone. Further confirmation with rigorously well -
designed multi-center trials is needed.
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INTRODUCTION

D iabetic macular edema (DME) is a common
microvascular complication and the principle cause of

visual impairment in patients with diabetes [1]. Although
macular laser photocoagulation (MLP) is a gold standard
therapy for DME, laser photocoagulation on an edematous
macula is not just technically more difficult but also less
effective to achieve its desired result. However, intravitreal
triamcinolone acetonide (IVTA) injection can induce
regression of macular edema by reducing the breakdown of
the blood-retina barrier in patients with diabetes[2]. Therefore,
it was suggested that reduction of macular edema by
pretreatment of IVTA injection first may render macular
laser treatment easier and achieve a better result. Recently,
numerous studies have reported clinical outcomes of laser
photocoagulation combined with IVTA injection in the
management of DME[3-8].
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Although many investigators perform IVTA injection before
macular photocoagulation in diabetic patients with macular
edema, systematic or larger sample studies illustrating its
benefits in facilitation of macular photocoagulation and
clinical outcomes are limited. Therefore, it is necessary to
review in greater depth the available data to understand the
benefits of IVTA pretreatment. In an attempt to demonstrate
the benefits in efficacy and safety as the primary comparative
criteria, we performed a systemic review and Meta-analysis
of randomized controlled trials (RCTs) involving MLP
combined with pretreatment of IVTA injection compared to
MLP alone for the treatment of DME.
MATERIALS AND METHODS
Search Strategy An electronic search of the literature was
performed by two experienced reviewers (Liu XD and Zhou
XD) employing the following databases: CNKI, Medline,
EMbase, Web of Science, and the Cochrane Central Register
of Controlled Trials. There were no language restrictions on
the publications and all was up to the 31 October 2014. For
maximum sensitivity, the search strategy was based on the
combinations of medical subject headings and free text
words. The following search terms were used during the
searches: "laser", "photocoagulation", "triamcinolone", and
"diabetic macular edema". When titles and/or abstracts fit the
objectives, the full article would be retrieved. The reference
lists of every retrieved article and previous systematic review
were scrutinized to identify additional trials not included in
the electronic databases. Any discordance about study
inclusion between the two reviewers was resolved by
following a discussion until a consensus was reached on the
final interpretation of the data.
Inclusion and Exclusion Criteria Articles potentially
eligible for inclusion in this Meta-analysis were RCTs
comparing MLP combined with IVTA pretreatment with
MLP alone for the treatment of DME published up to the 31
October 2014. And the outcome measures included at least
one of the followings: best-corrected visual acuity (BCVA)
logarithm of the minimum angle of resolution (logMAR)
units, central macular thickness (CMT) measured by optical
coherence tomography (OCT), and adverse events.
The following criteria were used to exclude articles for the
Meta-analysis: 1) macular edema secondary to causes other
than diabetic maculopathy; 2) triamcinolone acetonide was
not used as an intravitreal injection; and 3) coexisting
proliferative diabetic retinopathy. In addition, articles were
also excluded if they did not satisfy one or more inclusion
criteria. In this analysis, only the data from the longest period
of follow up were used to avoid duplication if same patient
populations were reported in several publications.
Data Extraction Data for study characteristics and clinical
treatment were summarized and incorporated into table
format by the two reviewers. And the following data were

extracted from all included studies using a predefined form:
1) basic information from papers such as: year of publication,
region and author name ; 2) characteristics of patients
such as: median age, gender, and type of DME; 3)
information of study designation such as: sample size
per-group, study design, randomization scheme, inclusion
criteria, and type of outcome measures used; and 4)
information of treatment such as: treatment regimen, dose of
triamcinolone acetonide, withdrawals, CMT, BCVA, adverse
events and so on. When necessary, we attempted to contact
investigators directly to seek missing data not included in the
published manuscripts. In case of conflicting evaluations, the
disagreements were adjudicated by discussion among the
whole group members to validate the accuracy of extraction.
Quality Assessment of Included Studies The same
reviewers independently assessed the methodological quality
of included studies according to the modified Jadad standards[9].
Parameters judging the quality included allocation
concealment, the method of intervention allocation, the
degree of masking, and the completeness in subject
follow-up. The overall scores range from 0 to 7. Scores of
0-3 and 4-7 were regarded as low and high scores,
respectively. Disagreements were also settled down by
following a discussion among authors.
Statistical Analysis The analysis was undertaken on an
intention-to-treat basis: patients were analyzed according to
treatment allocated, irrespective of whether they received that
treatment. Statistical analysis of the pooled weight mean
difference (WMD) for CMT and BCVA, and the pooled odds
ratio (OR) for adverse events was calculated using the
Review Manager 5.0 software. All confidence intervals (CIs)
had a two-sided probability coverage of 95%. A value
of <0.05 was considered statistically significant. Statistical
heterogeneities were estimated using Chi-square based Q
statistic with a -value <0.1 as statistically significant
heterogeneity. We also quantified the effect of heterogeneity
by using the 2 test (ranges from 0 to 100%). A significant
Chi-square based Q test with <0.1 or 2>50% indicated
that heterogeneity among studies existed. The random-effect
model was conducted for Meta-analysis. Otherwise, the
fixed-effect model was used. A sensitivity analysis was
performed by excluding the studies with low quality (Jadad
score臆3). The funnel plots, Begg's rank correlation test [10]

and Egger's linear regression test [11] were used to assess the
publication biases, with <0.05 indicating potential bias.
RESULTS
Characteristics of the Eligible Studies The process of
selecting studies for the Meta-analysis is shown in Figure 1.
Eventually, five randomized controlled trials published 2005
and 2011 met the inclusion criteria [5,12-15], and a search of the
article references did not produce additional relevant
publications. Among them, all the studies reported CMT and
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the adverse events, and three studies involved BCVA in
logMAR units [12-14]. The present Meta-analysis involved 131
eyes receiving MLP with IVTA pretreatment and 133 eyes
treated with MLP alone. The quality of each included study
was roughly assessed according to the modified Jadad scale,
and three trials had Jadad scores of 5 or more and two trials
had Jadad scores of 3 or less. The main characteristics of the
included studies were summarized in Table 1. In two studies,
exact age and gender information were not reported but the
authors declared that there were no statistical differences of
age and gender ratio between the two groups. The main
characteristics of the laser procedures of the included studies
were listed in Table 2.
Best -corrected Visual Acuity As a functional outcome
measure, BCVA was the most important criterion for

evaluating efficacy. In three of the studies, BCVA was
reported as a mean change in logMAR units, and measured
by logMAR scale from baseline to follow-up months. There
was evidence of statistical heterogeneity among studies at
one-month follow up ( =0.01, 2=77% ), and a random-
effect model was used. Pooling the results revealed that MLP
with IVTA pretreatment significantly improved BCVA
compared with MLP alone (control group) (WMD=-0.19,
95% CI: -0.36 to -0.02, =0.03). At three- and six- month
follow up, the IVTA pretreatment group showed a beneficial
trend towards improvements of BCVA despite a lack of
statistical significance (WMD=-0.15, 95%CI:-0.30 to 0.01,

=0.06; WMD=-0.10, 95% CI:-0.25 to 0.05, =0.20,
respectively). Similarly, there was evidence of statistical
heterogeneity among studies ( =0.02, 2=74%; =0.03,

2=72% , respectively). Again, a random-effect model was
used (Figure 2).
Central Macular Thickness CMT represents the anatomic
change and is considered a strong prognostic measure for
levels of macular edema, so it was also assessed in this
Meta-analysis. In all of the studies, CMT was reported as the
mean change from baseline to follow-up months and was
measured by OCT. There was also statistical heterogeneity
among studies at one-month follow up( <0.00001, 2=95%),
and a random-effect model was used. The pooled results
revealed that the IVTA pretreatment group significantly
reduced CMT compared with the control group
(WMD=-159.88, 95%CI:-263.21 to -56.56, =0.002). Similar
efficacy was also found at three-month (WMD=-114.35, 95%

Table 1 Characteristics of trials included in the Meta-analysis 
Trials (first 
author, year) 

Trial 
design Region 

Original 
patients 
(eyes) 

Dropout 
patients 
(eyes) 

Mean age±SD (rang, a) 
(M/F) System baselines Ocular baselines Duration 

(mo) 
Jadad 
score 

Avitabile[12],2005 RCT Italy 
1(15) 
2(16) 0 Total:64 (55-72) NS: DM duration, systematic 

hypertension 
NS: lens status, VA, 

CMT, IOP 9 5 

Lam[13], 2007 RCT China 
136(36) 
237(37) 0 

164.7±10.3 (21/15) 
266.2±8.2 (15/22) NR 

NS: lens status, VA, 
CMT, IOP, previous 

laser 
6 5 

Lee[14], 2009 RCT Korea 
126(30) 
228(30) 0 

163.6±11.1 (10/16) 
259.6±10.8 (12/16) 

NS: DM duration, glycated 
hemoglobin 

NS: lens status, VA, 
CMT, IOP 6 3 

Wang[5], 2010 RCT China 
1(8) 
2(8) 0 

157 (40-72) 
259 (48-67) NR NS: VA, CMT, IOP 6 2 

Gillies[15], 2011 RCT Australia 
126(42) 
228(42) 

11(1) 
22(2) 

165.4±9.5 (15/11) 
266.9±8.9 (15/13) 

NS: DM duration, systematic 
hypertension, glycated 
hemoglobin 

NS: lens status, VA, 
CMT, IOP 24 7 

VA: Visual acuity; CMT: Central macular edema; DM: Diabetes mellitus; RCT: Randomized controlled trials; IOP: Intraocular pressure; NR: 
Not reported; NS: Not significant. 1MLP with intravitreal triamcinolone acetonide pretreatment; 2MLP alone group. 
Table 2 Characteristics of laser procedures of trials included in the Meta-analysis 

Trials (first author,  
year) Type of DME Dosage of 

IVTA 
Time prior 

to MLP 
Type of 

MLP Parameters of MLP Operators 

Avitabile[12], 2005 Diffuse 4 mg (0.1 mL) 3mo Grid 0.2-0.5s exposure time NR 
Lam[13], 2007 Diffuse 4 mg (0.1 mL) 1-2mo Grid 50-200 μm light intensity, 0.1s exposure time NR 

Lee[14], 2009 Diffuse 4 mg (0.1 mL) NR Grid 50-200 μm light intensity, 0.1-0.2s 
exposure time NR 

Wang[5], 2010 Diffuse 4 mg (0.1 mL) 1wk Grid NR NR 
Gillies[15], 2011 Focal or diffuse 4 mg (0.1 mL) 6wk Focal or grid NR NR 

DME: Diabetic macular edema; IVTA: Intravitreal triamcinolone acetonide; MLP: Macular laser photocoagulation; NR: Not reported. 

Figure 1 Flow diagram of literatures screening.
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Figure 2 Forest plots showing mean difference in BCVA (logMAR) along with the associated 95%CI in the IVTA pretreatment
group versus MLP alone group A: BCVA at 1mo; B: BCVA at 3mo; C: BCVA at 6mo.

Figure 3 Forest plots showing mean difference in CMT along with the associated 95%CI in the IVTA pretreatment group versus
MLP alone group A:CMT at 1mo; B: CMT at 3mo; C: CMT at 6mo.

CI:-175.81 to -52.90, =0.0003) and six-month follow up
(WMD=-69.33, 95%CI:-136.84 to -1.82, =0.04). Similarly,
there was evidence of statistical heterogeneity among studies
( <0.00001, 2=89%; <0.00001, 2=90%, respectively).
Again, a random-effect model was used (Figure 3).

Adverse Events All the studies reported data for elevation
of intraocular pressure (IOP) during six-month follow up.
Analysis of these data showed no evidence of statistical
heterogeneity among studies ( =0.66, 2=0%), and a fixed-
effect model was used. The pooled results revealed that the
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relatively higher rates of elevation of IOP (逸21 mm Hg)
were observed in the IVTA pretreatment group compared
with the control group (WMD=4.03, 95%CI: 2.17 to 7.49,

<0.0001, respectively) (Figure 4). However, all cases with
IOP rise after injection could be managed with glaucoma
medications. No other potential injection-related
complications, such as endophthalmitis, retinal detachment
and vitreous hemorrhage, were reported in the two groups.
Sensitivity Analysis Sensitivity analysis was independently
performed by excluding the studies with low scores, and the
exclusion of these studies did not change the results.
Publication Bias Based on funnel plots for the analysis of
visual acuity, no obvious evidence of publication bias was
found for the treatment outcome estimates (BCVA and CMT
at six months after initial treatment) (Figures 5, 6). Since,
however, the number of enrolled studies was small, we
additionally applied the Egger method and Begg method to
measure a publication bias. Both methods did not reveal a
significant publication bias (BCVA at six months after initial
treatment, Egger method: =0.068, Begg method: =0.296;
CMT at six months after initial treatment, Egger method:

=0.056, Begg method: =0.221).
DISCUSSION
In the studies by Wang [5], Lee [14] and Lam [13],
the response to MLP combined with pretreatment of IVTA
injection showed superiority compared with MLP-alone
treatment for DME. However, the conclusions of Avitabile

[12] and Gillies [15] were not in accordance. Which
treatment is more effective remains controversial. Thus, we
conducted this Meta-analysis to compare the efficacy of MLP
combined with pretreatment of IVTA injection with
MLP-alone treatment in patients with DME.
In our Meta-analysis, we found that the group received MLP
with IVTA pretreatment had statistically significant
improvements in visual acuity and CMT over the MLP-alone
treatment group during the earlier follow-up period (1mo). At
later visit (3 and 6mo), the IVTA-pretreated eyes continued
to sustain a significant decrease in CMT after MLP while no
significant improvements in visual acuity was observed when

compared with MLP-alone treatment. These results showed
that there was no absolute correlation between anatomic
change (CMT) and functional change (visual acuity). This
relation between CMT and visual acuity in DME was
discussed by previous studies, which reported a subset of
eyes that showed paradoxical increases in CMT with
increases in visual acuity or paradoxical decreases in CMT
with decreases in visual acuity [16-17]. In addition, Browning

[17] pointed out that not only CMT, but age, hemoglobin
A1C, and severity of fluorescein leakage in the center and
inner subfields were responsible for the change in visual
acuity. In another study conducted by Jonas [18], they
concluded the varying degree of macular ischemia may

Figure 4 Forest plots showing mean difference in intraocular hypertension along with the associated 95% CI in the IVTA
pretreatment group versus MLP alone group.

Figure 5 Funnel plots with respect to BCVA at 6mo follow up
SE: Standard error; MD: Mean deviation.

Figure 6 Funnel plots with respect to CMT at 6mo follow up
SE: Standard error; MD: Mean deviation.
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explain why some patients do not show a marked improvement
in visual acuity despite a regression of the thickness.
As is well know, new vessel formation stimulated by vascular
endothelial growth factor (VEGF) is the major pathology
underlying diabetic maculopathy. Triamcinolone acetonide is
usually used to treat macular edema in the clinical treatment,
and has been shown to be efficacious in the reduction of
CMT caused by macular edema. Furthermore, studies have
suggested that IVTA injection is clinically effective in
blocking the metabolic pathway of VEGF, and in
anti-inflammatory, edematous, neovascular, and proliferative
disorders [19-20]. However, one of the limitations is that the
effects of IVTA injection are usually transient due to gradual
drug absorption from the vitreous cavity. For patients
presenting with DME for the first time, macular
photocoagulation is currently recommended as an effective
method to prevent neovascularization and progression of
DME, but aggravation of macular edema with a decrease in
visual acuity can occur in diabetic maculopathy after
photocoagulation. However, for the reasons mentioned, MLP
may not be the ideal treatment. There has thus been an
initiative to study the effect of MLP with IVTA pretreatment
on DME in patients.
A previous Meta-analysis reported that there was no
significant difference in improving visual acuity except
significant reduction of CMT when steroids injection
combined with MLP was compared with MLP-alone
treatment [21]. The previous Meta-analysis only evaluated two
RCTs[12-13] with 51 eyes involving intravitreal steroid injection
and which were already included in our Meta-analysis.
However, two more RCTs were included in our
Meta-analysis for a total of 264 eyes. From these results, our
Meta-analysis for all logMAR scales of BCVA revealed that
MLP with IVTA pretreatment could improve visual acuity
for patients with DME during an earlier follow-up period
(1mo). Moreover, CMT is an important criterion for
evaluating macular edema and was assessed during follow-up
periods. We revealed that MLP with IVTA pretreatment
could reduce CMT in patients with DME. The results of our
Meta-analysis were consistent with those of another previous
Meta-analysis [22] comparing IVTA injection combined with
panretinal photocoagulation (PRP) and macular
photocoagulation (MPC) with PRP and MPC treatment for
coexisting proliferative diabetic retinopathy and DME. And
this former Meta-analysis showed statistically significant
improvements in visual acuity and CMT with the treatment
of IVTA injection combined with PRP and MPC. The reason
for the efficacy of IVTA is that it reduces inflammation and
changes retinal blood flow associated with photo-oxidative
reactions induced by laser-tissue interactions [ 23 ] . Wilson

[24] reported that an intravitreal injection of steroids in an
animal (rabbit) model reduced the blood retinal barrier
breakdown induced by retinal photocoagulation.

The emerging popularity of ocular steroids is also raising
concerns about safety with use of these agents.
Triamcinolone acetonide, one of ocular steroids, has several
intravitreal injection-related complications, including
increases in IOP, cataract formation, retinal detachment,
vitreous hemorrhage and endophthalmitis with the elevation
of IOP reported as one of the most common complication[19,25]

Jonas [26] have reported that in 52% of patients treated
with a 25 mg intraocular injection, IOP was elevated by more
than 21 mm Hg. Wingate and Beaumont[27] have reported that
after a 4 mg intraocular injection, within 3mo IOP was
elevated by more than 5 mm Hg in 30% of the patients.
Nevertheless, IOP of all patients was well controlled with
glaucoma eye drops, and normalized 6mo after treatment
without additional treatments required. Our Meta-analysis
showed similar results to the abovementioned studies where
during the follow-up period, the elevation of intraocular
pressure（逸21 mm Hg）more occurred in eyes pretreated
with IVTA injection than these cases treated with MLP
alone. However, all patients were successfully controlled by
glaucoma eye drop medication without surgery. Although no
other visually significant injection-related side effects,
including endophthalmitis, retinal detachment or vitreous
hemorrhage, were encountered in our Meta-analysis, further
investigation to assess the safety of the drug is needed.
Obviously, Meta-analysis has advantages compared with
individual studies; however, some potential limitations in our
study should be taken into account. The main limitation was
that the number of studies which fulfilled the inclusion
criteria of this Meta-analysis and which were eventually
included into the analysis was relatively low as was the
number of study participants. This led to a relatively low
number of patient months in the Meta-analysis. In addition,
some studies provided only crude-unadjusted data, which was
probably the point of the high heterogeneity. Regression or
stratification of study results could not be used to explore
factors that could explain heterogeneities based on sample
size or varying baseline levels. Another limitation of this
Meta-analysis was the lack of standardization of laser timing
after IVTA injection in the combined group and that the time
interval between IVTA injection and MLP differed between
studies. A recent study [28] showed that CMT decreases 1wk
after IVTA injection and remains stable for 12wk or less.
However, we believe that these differences between the
included studies do not explain the conflicting evidence on
pretreatment with IVTA on visual acuity. Even with the
limitations, we feel the results of this Meta-analysis are
clinically useful and can offer some valuable, preliminary
data for treatment considerations.
Taken together, the results of the present Meta-analysis
suggest that pretreatment of eyes with DME with IVTA
before laser treatment may have a better anatomic outcome
reflected by reduction in mean CMT during the follow-up
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periods and significant improvements on visual acuity at the
earlier follow-up point (1mo). At other time, the combined
therapy shows a beneficial trend towards vision
improvements but there is no statistical significance. Further
studies, perhaps in the form of multi-center randomized
controlled trials, could help elucidate the long-term effects of
the two different treatment modalities in treating DME.
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