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Abstract
Purpose  The local application of triamcinolone acetonide (TA) in patients with macular edema (ME) is off-label 
and the data are limited. We designed a systematic review and network meta-analysis to compare risk of intraocular 
pressure (IOP) elevation among TA for different routes of administration used by patients diagnosed with macular 
edema.

Methods  We obtained data from the PubMed, Medline, Embase, and Cochrane Central Register of Controlled Trials 
for randomized controlled trials (RCTs). The outcome was IOP at 4, 12 or 24 weeks. We performed random-effects 
model and consistency model in the Bayesian framework with the multinma package in R. The GRADE was accorded 
for assess the evidence.

Results  A total of 1138 citations were identified by our search, of which 16 RCTs enrolled 834 eyes (575 patients). 
The network showed that TA administration via different local routes and placebo were no significant differences 
in either pairwise or network estimates at the 4th week. IVTA (intravitreal triamcinolone acetonide) was associated 
with a statistically significant higher IOP at the 12th week compared to STiTA (sub-Tenon’s infusion of triamcinolone 
acetonide) (MD: 1.67, 95% CI: 0.25 to 3.15, P < 0.05). IVTA, SCTA (suprachoroidal triamcinolone acetonide) and STiTA 
were both exhibited a statistically significant variance in IOP compared to placebo at the 24th week [(MD: 1.35, 
95% CI: 0.23 to 2.30, P < 0.05), (MD: 2.42, 95% CI: 0.19 to 4.53, P < 0.05), (MD: 1.31, 95% CI: 0.02 to 2.49, P < 0.05)]. The 
probabilities of rankings and SUCRA showed that, at 4 and 12 weeks of follow-up, IVTA posed the highest risk of 
IOP elevation, while at the 24-week mark, SCTA exhibited the highest risk. In addition, RITA (retrobulbar injections 
triamcinolone acetonide) was shown to be safer.

Conclusion  For the increased risk of IOP, we recommend that treatment within 4 weeks is safe. Nevertheless, it 
is advisable to exercise caution when administering IVTA, STiTA, SCTA beyond a duration of 12 weeks, due to the 
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Introduction
Macular edema (ME) is secondary to many different 
ocular and systemic disease processes and is defined as 
the accumulation of intra and/or subretinal fluid in the 
macular region [1, 2]. It can occur in several retinal con-
ditions, including diabetic retinopathy (DR), age-related 
macular degeneration (AMD), retinal vascular disorders, 
as well as various other ocular and systemic diseases, all 
of which can lead to visual impairment [3, 4]. At pres-
ent, anti-vascular endothelial growth factor (anti-VEGF) 
agents, glucocorticoids, and laser photocoagulation alone 
or in combination are mostly used to reconstruct the 
blood-retinal barrier in patients with macular edema in 
clinical practice [5, 6]. Among these, anti-VEGF agents 
are currently considered the standard therapeutic regi-
men for ME. However, cost-effectiveness studies have 
raised concerns about the economic burden they impose 
on healthcare providers even in high-income countries 
[7–9]. Glucocorticoids have both angiostatic and anti-
inflammatory effects, so they have been recommended 
by guidelines for intravitreal injection or implantation as 
a second-line therapy for diabetic retinal vein occlusion 
(RVO) and diabetic macular edema (DME), and some-
times even as a first-line treatment in special patients 
(e.g. high-risk cardiovascular disease, poor compliance, 
severe edema (> 500  mm), scheduled for cataract sur-
gery, and a history of vitrectomy) [10, 11]. Ghoraba et al. 
have shown that glucocorticoids as affordable low-cost 
alternative to anti-VEGF agents in lower-middle-income 
countries [12].

Glucocorticoids, such as dexamethasone and triamcin-
olone acetonide (TA), have long been used in the treat-
ment of macular edema. Systemic glucocorticoids are 
effective but are associated with adverse events, includ-
ing adrenal insuffciency, Cushing’s syndrome, diabetes, 
cardiovascular disease, osteoporosis, and immunosup-
pression. Local application of glucocorticoids results 
in much lower systemic concentrations of the drug and 
reduces the incidence of adverse events associated with 
systemic therapy. However, these come with their own 
set of risks, most commonly an increased risk of cata-
racts and elevations in intraocular pressure (IOP) [13]. 
The IOP spikes may developed established glaucoma 
and had to rely on topical antiglaucoma treatment, and 
that even required glaucoma surgery due to intractable 

glaucoma [12]. Moreover, it’s important to note that tri-
amcinolone acetonide is not an FDA-approved medica-
tion for diabetic macular edema but is often employed 
off-label. There are various local routes of triamcinolone 
acetonide administration for treating macular edema in 
clinical practice. These include intravitreal triamcinolone 
acetonide (IVTA), sub-Tenon’s infusion of triamcino-
lone acetonide (STiTA), retrobulbar injections of triam-
cinolone acetonide (RITA), suprachoroidal triamcinolone 
acetonide (SCTA), among others. Only SCTA released 
has been approved for the treatment of macular edema 
associated with uveitis by the FDA in 2021. Triamcino-
lone acetonide has been reported to be present in the eye 
for as long as 6 months after the injection, and it is pres-
ent in measurable concentrations up to 1.5 years after 
intravitreal IVTA [14]. The incidence of IOP increase 
after IVTA may be as high as 83.3% in the literature [15]. 
The most recent meta-analysis indicated that sub-Tenon’s 
capsule injection of triamcinolone acetonide injection 
has a comparable effect to the intravitreal injection of tri-
amcinolone acetonide injection and carries a lower risk 
of intraocular complications [16].

Off-label use of triamcinolone acetonide is an unavoid-
able practice in the management of macular edema. 
Patient safety is a primary concern when it comes to off-
label drug use in clinical practice. There have been many 
pairwise RCTs between the safety of triamcinolone ace-
tonide in the treatment of macular edema with different 
routes of administration in previous. However, the safety 
ranking of all administration routes of triamcinolone 
acetonide remains unclear until now. Therefore, we con-
ducted this systematic review and network meta-analysis 
(NMAs) to comprehensively evaluate and compare the 
safety of triamcinolone acetonide administration via dif-
ferent routes in patients with macular edema.

Methods
Our protocol was registered on PROSPERO (Registration 
No: CRD42022366513) and the study strictly adheres to 
the guidelines set forth by the Preferred Reporting Items 
for Systematic Reviews and Meta-analyses (PRISMA) for 
Network Meta-Analyses (NMAs) (Supplementary Table 
1) [17].

potential risk of IOP elevation. RITA emerged as the safest injection route in the treatment of macular edema in terms 
of IOP risk. However, more high-quality randomized controlled trials will be necessary to further confirm this.

Systematic review registration  PROSPERO, CRD42022366513. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​c​​r​d​.​​y​o​r​​k​.​a​c​​.​u​​k​/​p​​r​o​s​​p​e​r​o​​/​#​​r​e​c​o​r​d​D​e​t​a​i​l​s.

Clinical trial number  Not applicable

Keywords  Triamcinolone acetonide, Macular edema, Administration routes, Network meta-analysis, Bayesian 
framework

https://www.crd.york.ac.uk/prospero/#recordDetails
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Search strategy and eligibility criteria
A comprehensive search was conducted across mul-
tiple databases, namely PubMed, MEDLINE (Ovid SP), 
Embase (Ovid SP), and Cochrane Central Register of 
Controlled Trials (Ovid SP), covering the period from 
inception to March 8th, 2023. Additionally, ClinicalTri-
als.gov and the reference lists of important reviews and 
meta-analyses were searched to augment the identi-
fied citations. The search strategy encompassed relevant 
terms pertaining to triamcinolone acetonide, macular 
edema, and randomized controlled trials. (Supplemen-
tary Table 2).

Study selection
The inclusion criteria were established utilizing the 
‘Patients, interventions, comparators, outcomes, study 
designs, timeframe’ (PICOST) framework in the fol-
lowing manner: (1) Participants: The included patients 
with macular edema who were at least 18 years old; (2) 
Interventions and comparisons: Triamcinolone aceton-
ide should be administered through various routes or 
placebo, with each treatment being administered inde-
pendently and not in conjunction with any other routes 
of administration specified for triamcinolone acetonide 
in interventions.; (3) Outcomes: Intraocular pressure 
(IOP) change from baseline; (4) Study Design: The lin-
guistic scope of the randomized controlled trials (RCTs), 
whether published or unpublished, was restricted exclu-
sively to English or Chinese. (5) Timeframe: The dura-
tion of treatment was required to be longer than twelve 
weeks.

The exclusion criteria encompassed the following: (1) 
Animal experimentation; (2) Inclusion of participants 
who were pregnant or lactating women; (3) Studies pub-
lished in a language other than English or Chinese; (4) 
Publication solely as an abstract; (5) Duplicate data publi-
cation; (6) Inability to extract data.

Screening process and data extraction
Two independent reviewers (KL and JY) utilized End-
Note X9 (Clarivate Analytics, Philadelphia, PA, USA) 
to independently screen titles and abstracts of each eli-
gible study, adhering to the inclusion and exclusion cri-
teria. In cases of discrepancies, a third reviewer (NS) was 
consulted for resolution through discussion. The data 
extracted encompassed various aspects of the included 
studies, such as their baseline characteristics (register 
number/trial name, year of publication, country or coun-
tries, funding, duration), population details (disease, 
sample size by number of eyes, patient demographics), 
intervention description (route of administration, dose), 
and outcome measures (IOP). Regarding IOP, the mean 
and standard deviation values following the intervention 
were obtained for each study.

Quality assessment and the certainty of evidence
Two reviewers, KL and JY, independently conducted 
assessments of the risk of bias for all the studies included 
in this research, utilizing the Risk of Bias Version 2 (RoB2) 
tool. In cases where discrepancies arose, a third reviewer 
(NS) was consulted for resolution through discussion 
[18]. The tool is employed for assessing the potential bias 
in randomized trials, encompassing five distinct catego-
ries of bias: risk of bias arising from the randomization 
process; risk of bias due to deviations from the intended 
interventions; risk of bias due to missing outcome data; 
risk of bias in measurement of the outcome; and risk of 
bias in selection of the reported result. Each risk of bias 
evaluation dimension had three classifications: low risk 
of bias, some concerns, or high risk of bias.

The certainty of evidence
Two reviewers, KL and JY, conducted an independent 
assessment of the certainty of evidence using the GRADE 
approach for network meta-analysis [19–21]. Each out-
come was evaluated based on various factors, including 
the risk of bias, incoherence, inconsistency, indirectness, 
intransitivity, publication bias, and imprecision. The out-
comes were subsequently categorized into four levels: 
high, moderate, low, or very low. In case of any discrep-
ancies, a third reviewer, NS, was consulted for resolution 
through discussion.

Treatment nodes
The treatment nodes were categorized based on various 
routes of administration for triamcinolone acetonide, and 
the study incorporated a dosage range of 4 to 40 mg/day 
for triamcinolone acetonide. The network plots were gen-
erated using the multinma package in R (version 4.1.3) 
[22].

Statistical analysis
The network meta-analysis was carried out utilizing 
a random-effects model and consistency model, both 
implemented within the Bayesian framework [23]. For 
the outcome variable (IOP), we employed mean differ-
ences (MDs) and 95% credible intervals (CI). The Mar-
kov chain Monte Carlo method was utilized to construct 
four chains, with a total of 80,000 iterations after discard-
ing the initial 20,000 iterations as burn-in and applying 
a thinning factor of one. We evaluated local incoherence 
and derived indirect estimates through the implementa-
tion of node splitting models [24]. The surface under the 
cumulative ranking curve (SUCRA) was computed to 
establish the ranking of triamcinolone acetonide admin-
istration through various routes [25]. The gemtc pack-
age in R (Version 4.1.3) was utilized to perform multiple 
sensitivity analyses. These included: (1) the exclusion of 
studies with non-diabetes mellitus; (2) the exclusion of 
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studies with a sample size of less than 20 eyes; (3) exclu-
sion of studies with combined laser therapy; and (4) 
exclusion of studies with missing populations.

Results
Characteristics of eligible studies
Figure  1 displays the flow chart of the literature search. 
A comprehensive review of 1138 articles and registered 
clinical trials was conducted, resulting in the inclusion 
of a total of 16 studies conducted between 2005 and 
2023 in the meta-analysis. These studies met the prede-
termined criteria and encompassed a sample size of 834 
eyes, involving 575 patients [26–41]. The main charac-
teristics of the selected studies are collated in Table  1. 
Among the 16 RCTs, 1 studie was registered and 15 
studies were published in English. The diseases involved 
were diabetic macular edema (11 RCTs), diffuse diabetic 
macular edema (DDME) (2 RCTs), refractory diabetic 
macular edema (RDME) (1 RCT), and macular edema 

associated with branch retinal vein occlusion (BRVO-
ME) (2 RCTs). Of the included studies, 13 were two-arm 
studies and 3 were three-arm studies. Subsequently, we 
divided interventions into a placebo group and the fol-
lowing 4 groups: IVTA, RITA, SCTA, and STiTA. Four-
teen RCTs involved IVTA compared with other routes of 
TA administration (the retrieved routes of administration 
contained RITA, SCTA, and STiTA); 6 RCTs compared 
triamcinolone acetonide to placebo (the retrieved routes 
of triamcinolone acetonide administration contained 
IVTA, STiTA and RITA); and 3 RCTs both the interven-
tion group and the control group received intravitreal 
bevacizumab, which was a full-length humanized mono-
clonal antibody against vascular permeability-associated 
endothelial growth factor. The baseline characteristics 
encompassed the general composition of the study pop-
ulation, with men accounting for 52.01% of the partici-
pants. The age range spanned from 39.5 to 76.67 years, 
while the duration of follow-up varied between 12 and 24 

Fig. 1  Flow diagram for study identification and inclusion. Abbreviations: DME, diabetic macular edema/ oedema; DDME, diffuse diabetic macular 
edema; RDME, refractory diabetic macular edema; BRVO-ME, macular edema associated with branch retinal vein occlusion

 



Page 5 of 13Liu et al. BMC Ophthalmology          (2025) 25:150 

Fi
rs

t a
ut

ho
r

D
is

ea
se

Re
gi

st
er

 
nu

m
be

r/
Tr

ia
l 

na
m

e

Lo
ca

tio
n

N
o.

 
of

 
ey

es
 

(n
)

N
In

te
rv

en
tio

n
A

ge
 (y

ea
rs

)
M

al
e 

(%
)

IO
P 

(m
m

H
g)

Le
ng

th
 

of
 fo

l-
lo

w
-u

p 
(w

ee
ks

)

0w
4w

12
w

24
w

Ab
de

lsh
af

y, 
20

22
 [2

6]
D

M
E

-
Eg

yp
t

23
13

SC
TA

 4
 m

g
55

 ±
 3

6 
(4

6.
2%

)
14

 ±
 2

12
 ±

 2
14

 ±
 2

-
12

10
IV

TA
 4

 m
g

55
 ±

 5
3 

(3
0.

0%
)

13
 ±

 3
15

 ±
 3

18
 ±

 4
-

Bo
ni

ni
, 2

00
5 

[2
7]

RD
M

E
-

Br
az

il
36

18
ST

iT
A 

40
 m

g
61

.4
8 

±
 1

5.
19

6(
42

.9
%

)
14

.5
7 

±
 2

.2
91

17
.7

8 
±

 2
.3

75
9

16
.3

5 
±

 2
.3

33
5

15
.7

1 
±

 1
.4

00
1

24
18

IV
TA

 4
 m

g
62

.7
2 

±
 1

3.
99

7(
50

%
)

15
.5

0 
±

 2
.6

72
9

17
.7

1 
±

 1
.6

54
6

16
.8

5 
±

 1
.8

24
3

14
.8

5 
±

 2
.7

57
7

Ca
rd

ill
o,

 2
00

5 
[2

8]
D

D
M

E
-

Br
az

il
24

12
ST

iT
A 

40
 m

g
59

.0
 ±

 9
.2

5(
41

.6
7%

)
14

.8
 ±

 2
.3

15
.3

 ±
 2

.6
15

.8
 ±

 2
.9

16
.4

 ±
 3

.3
24

12
IV

TA
 4

 m
g

14
.8

 ±
 2

.1
17

.8
 ±

 3
.2

17
.4

 ±
 3

.6
17

 ±
 2

.4
EI

, 2
01

4 
[2

9]
D

M
E

-
Eg

yp
t

80
40

IV
TA

 4
 m

g
55

.7
 ±

 7
.2

19
(7

3.
1%

)
15

.1
2 

±
 2

.3
7

18
.1

7 
±

 5
.9

3
17

.0
2 

±
 4

.7
3

15
.1

2 
±

 2
.3

7
24

40
ST

iT
A 

40
 m

g
55

.8
 ±

 7
.9

19
(6

5.
5%

)
14

.7
8 

±
 2

.3
4

16
.4

9 
±

 4
.4

3
15

.3
2 

±
 2

.5
6

14
.9

6 
±

 2
.3

6
G

ill
ie

s, 
20

10
 [3

0]
D

M
E

N
C

T0
01

48
26

5
Au

st
ra

lia
84

42
IV

TA
 4

 m
g 

+
 La

se
r

65
.4

 ±
 9

.5
26

 (6
1.

9%
)

16
.1

 ±
 3

.0
-

19
.4

 ±
 5

.7
17

.2
 ±

 4
.2

24
42

La
se

r
66

.9
 ±

 8
.9

22
 (5

2.
4%

)
15

.6
 ±

 3
.4

-
16

 ±
 3

.5
15

.8
 ±

 3
.2

H
ay

as
hi

, 2
00

5 
[3

1]
BR

VO
-M

E
-

Ja
pa

n
52

27
IV

TA
 4

 m
g

65
.2

 ±
 1

1.
3

10
(3

7%
)

14
.1

 ±
 3

.5
16

.1
 ±

 4
.3

16
.6

 ±
 5

.9
-

24
25

RI
TA

 4
0 

m
g

64
.6

 ±
 1

0.
4

10
(4

0%
)

12
.9

 ±
 3

.5
13

.9
 ±

 3
.8

13
.8

 ±
 2

.9
-

Li
, 2

01
4 

[3
2]

D
M

E
-

Ch
in

a
64

34
RI

TA
 2

0 
m

g 
+

 P
RP

53
.3

 ±
 1

3.
8

38
(5

9.
38

%
)

13
.8

 ±
 3

.6
14

.2
 ±

 5
.3

14
 ±

 4
.2

13
.5

 ±
 2

.9
24

30
Pl

ac
eb

o 
+

 P
RP

14
.3

 ±
 4

.1
14

.8
 ±

 4
.9

14
.6

 ±
 3

.3
13

.9
 ±

 3
.4

Lu
o,

 2
01

4 
[3

3]
D

M
E

-
Ch

in
a

40
20

ST
iT

A 
40

 m
g

64
.7

15
(7

5%
)

18
.4

 ±
 1

.8
8

18
.8

 ±
 2

.7
7

19
 ±

 3
.8

-
12

20
IV

TA
 4

 m
g

18
.2

 ±
 1

.9
4

20
.3

 ±
 3

.6
9

22
.6

 ±
 2

.7
2

-
M

ar
ey

, 2
01

1 
[3

4]
D

M
E

-
Eg

yp
t

90
30

IV
TA

 2
 m

g 
+

 IV
B 

1.
25

 m
g

57
.6

6 
±

 7
.4

4
19

(6
3.

33
%

)
15

.6
7 

±
 2

.8
6

-
15

.0
7 

±
 2

.0
5

-
12

30
IV

B 
1.

25
 m

g
57

.6
0 

±
 7

.3
0

16
(5

3.
33

%
)

15
.4

7 
±

 2
.9

3
-

15
.1

3 
±

 2
.2

1
-

M
oo

n,
 2

01
6 

[3
5]

BR
VO

-M
E

N
C

T0
16

14
50

9
Ko

re
a

41
18

ST
iT

A 
40

 m
g 

+
 IV

B 
1.

25
 m

g
58

.8
3 

±
 1

5.
66

9(
50

.0
0%

)
15

.0
0 

±
 2

.8
7

-
-

15
.5

6 
±

 3
.0

3
24

23
IV

B 
1.

25
 m

g
60

.5
7 

±
 1

0.
68

13
(5

6.
52

%
)

14
.7

8 
±

 2
.2

8
-

-
15

.0
9 

±
 2

.6
4

Ra
kh

ee
, 2

01
4 

[3
6]

D
D

M
E

-
Ira

n
98

49
IV

B 
1.

25
 m

g
54

.7
3 

±
 1

1.
91

-
15

.1
0 

±
 1

.7
4

-
15

.4
5 

±
 1

.9
15

.2
2 

±
 1

.8
24

49
IV

TA
 2

 m
g 

+
 IV

B 
1.

25
 m

g
58

.1
8 

±
 1

1.
22

15
.2

6 
±

 1
.3

8
-

16
.8

3 
±

 1
.8

4
16

.7
9 

±
 1

.7
9

Sa
le

h,
 2

01
7 

[3
7]

D
M

E
-

Eg
yp

t
34

17
IV

TA
 4

 m
g

52
.5

3 
±

 1
.8

7(
41

.2
%

)
14

.3
5 

±
 2

.6
6

17
.1

7 
±

 5
.2

4
18

.7
1 

±
 4

.5
1

16
.8

8 
±

 3
.5

9
24

17
ST

iT
A 

40
 m

g
56

.3
5 

±
 2

.9
8(

47
.1

%
)

15
.5

3 
±

 2
.9

16
.2

9 
±

 4
.3

15
.7

1 
±

 4
.5

1
16

 ±
 6

.4
6

So
lim

an
, 2

01
8 

[3
8]

D
M

E
-

Eg
yp

t
30

15
IV

TA
 4

 m
g

57
.9

 +
 7

.2
7(

46
.6

7%
)

16
.3

3 
±

 1
.1

8
19

.8
7 

±
 4

.0
9

17
.6

 ±
 1

.4
5

-
12

15
ST

iT
A 

40
 m

g
59

.4
 +

 2
.8

6(
40

%
)

15
.2

7 
±

 1
.5

8
16

.2
 ±

 1
.9

16
.2

 ±
 1

.5
7

-
Ta

ka
ta

, 2
01

0 
[3

9]
D

M
E

-
Br

az
il

19
10

IV
TA

 4
 m

g
66

.7
 ±

 5
.1

6(
60

%
)

14
.0

 ±
 4

.1
11

14
.9

 ±
 4

.1
11

14
.9

 ±
 4

.4
27

13
.2

 ±
 2

.8
46

24
9

ST
iT

A 
40

 m
g

60
.8

 ±
 1

0.
4

4(
44

.4
4%

)
13

.8
 ±

 4
.2

14
.9

 ±
 5

.4
14

.9
 ±

 4
.4

27
14

.3
 ±

 3
.9

W
ic

kr
em

as
in

gh
e,

 2
00

8 
[4

0]
D

M
E

N
C

T0
01

48
33

0
Au

st
ra

lia
28

13
IV

TA
 4

 m
g

61
.8

 ±
 1

0.
9

5(
38

.5
%

)
15

.8
 ±

 2
.8

-
17

 ±
 4

.1
37

-
12

15
Pl

ac
eb

o
65

.1
 ±

 1
1.

2
7(

46
.7

%
)

16
.0

 ±
 2

.9
-

14
.5

 ±
 3

.4
63

9
-

Ta
bl

e 
1 

Ch
ar

ac
te

ris
tic

s o
f t

he
 st

ud
ie

s i
nc

lu
de

d 
in

 th
e 

sy
st

em
at

ic
 re

vi
ew



Page 6 of 13Liu et al. BMC Ophthalmology          (2025) 25:150 

weeks. Furthermore, it is noteworthy that none of the tri-
als received funding. pharmaceutical companies.

Risk of bias of included studies
Cochrane’s Rob2 tool was used to assess the risk of bias 
for the 16 included RCTs. The overall risk of bias was not 
high. The key limitations were the lack of information 
on random methods and the low level of reported blind-
ing of participants because the triamcinolone acetonide 
was administered by injection and could not be blinded. 
The assessment of the risk of bias in the included studies 
is shown in Fig.  2. Of the 16 studies, for selection bias, 
4 studies (25%) were at low risk of bias in the randomi-
sation process, 4 studies (25%) were at low risk of bias 
in deviations from the intended interventions, and 16 
trials (100%) were at low risk in missing outcome data. 
The outcome indicator (IOP) in this analysis was objec-
tive and was not influenced by evaluators, so the 16 
studies (100%) were at low risk for measurement of the 
outcome and selection of the reported result. Overall, 
three studies (19%) had a low risk of bias, thirteen stud-
ies (81%) had some concerns of bias, and no trials had a 
high risk of bias. A quantitative synthesis of the evidence 
through a network meta-analysis was deemed appropri-
ate given the comparability in study design, outcome 
measures, patients involved, and inclusion and exclusion 
criteria. Homogeneity and consistency assumptions were 
confirmed.

Results of network meta-analysis
The network plots of each outcome are displayed in 
Fig. 3(a, b and c), showcasing the findings and quality of 
evidence regarding IOP at the 4th, 12th, and 24th week 
of triamcinolone acetonide treatment via various admin-
istration routes. The examination of heterogeneity and 
inconsistency in the network meta-analysis is also con-
ducted, as depicted in Supplementary Figs. 1–6. Compre-
hensive details regarding the evidence for all comparisons 
and outcomes in the network meta-analysis can be found 
in Supplementary Tables 3–5. Additionally, the results 
of the sensitivity analysis are provided in Supplementary 
Tables 9–20.

IOP at the 4th week
Eleven RCTs including 432 eyes reported IOP after 4 
weeks of triamcinolone acetonide administration via dif-
ferent routes on macular edema. The intervention nodes 
included in this network meta-analysis were IVTA, 
STiTA, RITA, SCTA and placebo. There were no signifi-
cant differences in either pairwise or network estimates 
(Fig. 4a). The certainty of evidence was low for all com-
parisons except IVTA VS RITA was moderate (Fig.  4a). 
Detailed data are shown in the appendix (Supplementary 
Fig. 1 and Supplementary Table 3).Fi
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IOP at the 12th week
Fifteen RCTs including 700 eyes reported IOP after 12 
weeks of triamcinolone acetonide administration via dif-
ferent routes on macular edema. The intervention nodes 
included in this network meta-analysis were IVTA, 
STiTA, RITA, SCTA and placebo. Compared to STiTA, 
IVTA was associated with a statistically significant IOP 
increase at the 12th week (MD: 1.67, 95% CI: 0.25 to 3.15, 
P < 0.05], Fig. 4b), which was moderate-quality evidence. 
The global I² of pairwise was 23.8%. There were no sig-
nificant differences in other pairwise comparisons, and 
the certainty of evidence was low for other comparisons 
except IVTA/RITA was moderate (Fig. 4b). Detailed data 
are shown in the appendix (Supplementary Figs. 2, 4, and 
Supplementary Table 4).

IOP at the 24th week
Ten RCTs including 507 eyes reported IOP after 24 
weeks of triamcinolone acetonide administration via dif-
ferent routes on macular edema. The intervention nodes 
included in this network meta-analysis were IVTA, 
STiTA, RITA, SCTA and placebo. Compared to placebo, 
IVTA was associated with a statistically significant IOP 
increase at the 24th week (MD: 1.35, 95% CI: 0.23 to 2.30, 
P < 0.05], Fig.  4c), which was moderate evidence. The 
global I² of pairwise was 0%. Compared to placebo, both 
SCTA and STiTA were associated with a statistically sig-
nificant IOP increases at the 24th week (MD: 2.42, 95% 
CI: 0.19 to 4.53, P < 0.05], MD: 1.31, 95% CI: 0.02 to 2.49, 
P < 0.05], Fig. 4c), which were moderate evidence. There 
were no significant differences in other pairwise com-
parisons, and the certainty of evidence was low for other 

Fig. 3  Network plots of available direct comparisons. Footnotes: IOP at the 4th (a), 12th (b), and 24th (c) weeks. Each node (solid circle) stands for a dif-
ferent administration route of triamcinolone acetonide. The size of the nodes is proportional to the number of participants (i.e., sample size) involving the 
specific treatment intervention. The solid lines link treatments with direct comparison with the thickness proportional to the number of trials

 

Fig. 2  Summary of the risk of bias. Footnotes: D1: Risk of bias arising from the randomization process; D2: Risk of bias due to deviations from the intended 
interventions; D3: Risk of bias due to missing outcome data; D4: Risk of bias in measurement of the outcome; D5: Risk of bias in selection of the reported 
result; Overall: Overall risk of bias
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comparisons. Detailed data are shown in the appendix 
(Supplementary Figs. 3, 5, and Supplementary Table 5).

Rankings and SUCRA
The rank probabilities of different routes of triamcinolone 
acetonide administration and placebo are shown in Fig. 5. 
The rank diagrams show that the probabilities of RITA 
being the safest routes of administration at the 4th, 12th, 
and 24th weeks was 35.50%, 57.80%, and 65.60%, respec-
tively. The rank diagrams show that the probabilities of 
IVTA being among the top safety routes of administra-
tion at the 4th, 12th, and 24th weeks was always 0.00%. 
The SUCRA detailed data are shown in Supplementary 
Tables 6–8. The higher SUCRA values indicated the 
lower risk of IOP elevation. The highest SUCRA value of 
IOP at the 4th, 12th, and 24th weeks invariably was RITA 
(SUCRA value = 0.7041, 0.8029 and 0.8726). The low-
est SUCRA value of IOP was IVTA at the 4th and 12th 
weeks (SUCRA value = 0.1513, and 0.1513), but changed 
to SCTA at the 24th week (SUCRA value = 0.0783).

Sensitivity analyses
The supplementary Tables 9–20 displays the sensitivity 
analyses, which align with the findings of the primary 
analysis.

Discussion
Treatment choice should not be solely based on treat-
ment effectiveness but should also consider adverse event 
management and long-term tolerability. In particular, 
this treatment involves off-label use. To our knowledge, 
this study represents the first assess the safety of the off-
label use about triamcinolone acetonide various admin-
istration routes in patients with macular edema. This 
systematic review and network meta-analysis involv-
ing 16 studies that enrolled 834 eyes (575 patients) pro-
vided moderate certainty evidence, which investigated 
the safety of triamcinolone acetonide by different routes 
of administration and placebo treatment for macular 
edema. Intraocular pressure was selected as an outcome 
index for safety evaluation. This paper had comparative 
data from randomized trials with objective outcome 
measures that were essential to understand which routes 
of injection with triamcinolone acetonide offer the opti-
mal balance of efficacy and safety in the management of 

Fig. 4  League tables of outcome analyses. Footnotes: IOP at the 4th (a), 12th (b), and 24th (c) weeks. Bold indicates statistical significance. The color of 
each cell indicates the certainty of evidence according to the Grading of Recommendations Assessment, Development, and Evaluation
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these patients. The network meta-analysis found that, 
in early treatment (in 4 weeks), there was no significant 
difference in the risk of IOP between triamcinolone 
acetonide by different routes of administration and pla-
cebo. However, the occurrence of elevated intraocular 
pressure begins to manifest after 12 weeks of treatment, 
with a higher prevalence observed at 24 weeks. Our 
study revealed that the risk of IOP elevation significantly 
increased with the prolonged administration of IVTA, 
SCTA and STiTA. These risks exhibited notable differ-
ences when compared to the placebo group. According to 
the ranking and SUCRA values, RITA ranked highest for 
IOP levels from 4 to 24 weeks, while IVTA exhibited the 
lowest efficacy at 4 and 12 weeks. SCTA displayed lower 
efficacy at 24 weeks. Overall, our findings suggest that 
RITA may be a safer treatment option when prolonged 
administered.

Despite several attempts to establish its route of 
administration, only IVTA has been used as a second-
line therapy for DME and RVO by guidelines [10, 11, 42]. 
However, triamcinolone acetonide is not an approved 
medication for DME. It has been used off-label. Accord-
ing to the statistical results, IVTA may be associated with 
a have the higher risk of IOP from 4 to 36 weeks of fol-
low-up. This effect seems to persist even in comparison 

with placebo or other routes of administration. For 
instance, a randomized controlled trial showed that the 
IOP change from baseline was significantly higher in the 
IVT group than in the STiTA group after injection [37]. 
Two RCTs found that the addition of IVTA + IVB signifi-
cantly increased the risk of IOP at the end of the study 
period compared with IVB [34, 36]. From a head-to-head 
trial, IVTA increased the risk of IOP compared with pla-
cebo [30]. Our results are in accordance with previous 
reports. which are consistent with the comparison of the 
network meta-analysis. Of note, a meta-analysis of IOP 
percentage increases from baseline levels indicated that 
there exists an increase in the IOP measure at its peak 
4 weeks after the injection. However, 24 weeks after the 
injection, the increase in IOP compared to its preop-
erative level showed a decrease [43]. In summary, our 
study shows that IOP elevation is a significant side effect 
of IVTA injection. Careful follow-up of IOP is required 
after IVTA injections.

Currently, only triamcinolone suspension, released by 
the FDA in 2021, has been approved for the treatment of 
macular edema associated with uveitis as a suprachoroi-
dal injection. However, there have been limited studies 
related to SCTA administration, and our inclusion crite-
ria led to the inclusion of only 2 RCTs [26, 41]. They only 

Fig. 5  Rank diagrams of outcome analyses. Footnotes: IOP at the 4th (a), 12th (b), and 24th (c) weeks. The numbers on the vertical axis represent the 
probability
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reported that regarding IOP elevation both IVTA and 
SCTA have insignificantly different effects. These data are 
consistent with those reported by the HULK study and 
the TYBEE study following CLS-TA injection [44–45]. 
All of these studies prove that triamcinolone aceton-
ide injection has a similar effect on IOP either injected 
intravitreally or in the suprachoroidal space. It is note-
worthy that, our network meta-analysis results shed light 
on the IOP effects of SCTA compared with the placebo 
group. SCTA had statistically a significant effect on IOP 
(MD, 2.42 [95% CI, 4.53, 0.19] at the 24th week. Interest-
ingly, as indicated by the SUCRA ranking scheme, SCTA 
ranked last at the 24th week, replacing IVTA, which con-
sistently ranked last at the 4th and 12th weeks.

As suggested by the SUCRA ranking scheme, RITA was 
consistently ranked first from 4 to 24 weeks, and STiTA 
was ranked behind RITA. Nonetheless, it is important to 
note that our network meta-analysis only included two 
clinical trials using RITA. Thus, the clinical significance 
may still be limited and unclear. Such as, Anna CK et 
al. have discussed in the literature concerning RITA for 
the treatment of thyroid eye disease-associated ophthal-
mopathy conditions that this procedure carries risk of 
sight-threatening hemorrhage [46]. While the bleeding 
observed following injection in their study may be attrib-
uted to the patient’s prior aspirin use, no complications 
were directly linked to the medication itself. Although 
the RCTs we reviewed did not report any instances of 
bleeding associated with RITA, we recommend that the 
potential risk of post-RITA retrobulbar hemorrhage be 
thoroughly evaluated. hence, further research is manda-
tory in this context. Maggio et al. found that RITA was 
proposed, which had the advantage of being associ-
ated with fewer side effects when compared with IVTA, 
including a reduced risk of steroid-induced cataract 
and IOP rise, and no risk of endophthalmitis and rheg-
matogenous retinal detachment [47]. This agreed with 
our study, we can conclude that RITA/STiTA appear to 
be valid alternatives to IVTA/SCTA in terms of safety 
outcome with a lower risk of IOP elevation. In this paper, 
the safety of RITA has been verified, the balanced use 
of RITA combined with the therapeutic effect is still 
required. Grzybowski et al. recommend a stepwise ther-
apy: retrobulbar or sub-Tenon’s corticosteroids in mod-
erate pseudophakic cystoid macular edema (PCME) and 
intravitreal corticosteroids in recalcitrant PCME [48]. 
Moreover, the IOP increases after any routes of triam-
cinolone acetonide application are not rare, although 
the temporary interruption of treatment is generally not 
required [49]. Considering this, careful follow-up of IOP 
is required after each local route of triamcinolone ace-
tonide treatment for macular edema. In conclusion, our 
study suggests that RITA appear to be viable alternatives 
to IVTA and SCTA in terms of safety, with a lower risk 

of IOP elevation. However, further research is needed to 
establish their clinical significance fully. Regardless of the 
route of triamcinolone acetonide treatment, careful IOP 
monitoring is essential.

While there is a substantial body of literature address-
ing the safety of IVTA, SCTA, RITA, STiTA in the treat-
ment of macular edema, no network meta-analysis has 
compared these commonly used therapies. The strengths 
of our review include the most comprehensive synthe-
sis of evidence to date on the safety of triamcinolone 
acetonide administered via different routes for macular 
edema, encompassing all recent publications. To the best 
of our knowledge, this is the first network meta-analysis 
to compare the efficacy of triamcinolone acetonide using 
different administration routes for macular edema. We 
conducted a comparative analysis of the risk of IOP at 
4 weeks, 12 weeks, and 24 weeks. Our findings indicate 
a significant increase in the incidence of IOP in patients 
receiving IVTA and SCTA treatment as the duration of 
therapy extended. These results underscore the impor-
tance of closely monitoring IOP levels during the treat-
ment period extending beyond 12 weeks, as well as the 
prompt adjustment of medication routes, if deemed nec-
essary, to mitigate the likelihood of IOP occurrence. In 
addition, this study has a higher standard, due to accu-
rate experimental types of randomized trials, identify-
ing interventions outside of laser interference, unity of 
follow-up time. We used state-of-the-art approaches 
to categorize and present the findings using GRADE 
frameworks.

Limitations of our study include the limited quality of 
evidence, which may be caused by the limited number of 
RCTs. The scarcity of RCTs could potentially be attrib-
uted to safety apprehensions associated with the off-label 
use. It had further influence on indirect comparisons 
of some network estimates. The resolution of this issue 
could be achieved through the incorporation of high-
quality RCTs. Second, the test results of triamcinolone 
acetonide by different routes of injection therapy showed 
that statistical heterogeneity was limited in randomized 
controlled trials, which provides limited confidence in 
the findings. The third limitation of this study pertains 
to the relatively lax inclusion criteria employed for dis-
ease classification. We included macular edema from 
various diseases, such as diabetes and branch retinal vein 
occlusion, in our network meta-analysis. the insufficient 
number of included literature sources prevented us from 
conducting a subgroup analysis on the risk of IOP based 
on the underlying causes of macular edema. The fourth 
limitation is the small sample size of some RCTs included 
in the present study. However, sensitivity analyses dem-
onstrated no important differences in outcomes for all 
interventions.
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Conclusion
In this systematic review and network meta-analysis, 
which included studies of patients with macular edema 
and at least 12 weeks of follow-up, our findings empha-
size that the use of triamcinolone acetonide via differ-
ent injection routes increases the risk of elevated IOP 
when compared to placebo. Despite the off-label use of 
triamcinolone, for the increased risk of IOP, we recom-
mend that treatment within 4 weeks is safe. However, 
it is advisable to exercise caution when administering 
IVTA, STiTA, SCTA beyond a duration of 12 weeks, due 
to the potential risk of IOP elevation. RITA emerged as 
the safest injection route in the treatment of macular 
edema in terms of IOP risk. At 4 and 12 weeks of follow-
up, IVTA posed the highest risk of IOP elevation, while 
at the 24-week mark, SCTA exhibited the highest risk. 
These conclusions may help doctors evaluate the balance 
of pros and cons of various routes of injection and adjust 
their treatment accordingly. In the future, large-scale tri-
als are necessary to validate the risks identified in this 
meta-analysis.
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