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Abstract

Aims: Despite their overall favourable safety profile, the intraocular pressure increases after any routes of triamcinolone acetonide
application are not rare. We designed a systematic review and network meta-analysis to compare risk of 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 Library. We performed random-effects model and consistency model network
meta-analyses to summarize the evidence. The Bayesian approach was used for direct and indirect comparisons, and the
treatments were ranked by the surface under the cumulative ranking curve. The study was registered with PROSPERO,
CRD42022366513 Results: Sixteen studies were included in the network meta-analysis. There was a significant difference in
IOP between IVTA and STiTA (MD, 1.67 [95% CrI, 0.25, 3.15]) at the 12th week. At the 24th week, compared with the placebo
group, IVTA, SCTA and STiTA had statistically significant effect on IOP (MD, 1.35 [95% CrI, 0.23, 2.30], 2.42 [95% Cr1, 4.53,
0.19], and 1.31 [95% CrI, 2.49, 0.02]). The probabilities of rankings and SUCRA showed that IVTA and SCTA were generally
considered the higher risk of IOP elevation than the other routes of injection therapy. In addition, RITA was shown to be safer.
Conclusion: IVTA and SCTA appeared as the least safe routes of injection therapy for ME, which being more prone to increase
the risk of IOP elevation. RITA demonstrated a safer profile. However, more high-quality randomized controlled trials will be

necessary to further confirm this.
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Abstract Aims:Despite their overall favourable safety profile, the intraocular pressure increases after any
routes of triamcinolone acetonide application are not rare. We designed a systematic review and network
meta-analysis to compare risk of 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 Library. We per-
formed random-effects model and consistency model network meta-analyses to summarize the evidence. The
Bayesian approach was used for direct and indirect comparisons, and the treatments were ranked by the
surface under the cumulative ranking curve. The study was registered with PROSPERO, CRD42022366513

Results: Sixteen studies were included in the network meta-analysis. There was a significant difference
in IOP between IVTA and STiTA (MD, 1.67 [95% Crl, 0.25, 3.15]) at the 12th week. At the 24th week,
compared with the placebo group, IVTA, SCTA and STiTA had statistically significant effect on IOP (MD,
1.35 [95% CrI, 0.23, 2.30], 2.42 [95% CrI, 4.53, 0.19], and 1.31 [95% CrI, 2.49, 0.02]). The probabilities
of rankings and SUCRA showed that IVTA and SCTA were generally considered the higher risk of IOP
elevation than the other routes of injection therapy. In addition, RITA was shown to be safer.

Conclusion: IVTA and SCTA appeared as the least safe routes of injection therapy for ME, which being
more prone to increase the risk of IOP elevation. RITA demonstrated a safer profile. However, more
high-quality randomized controlled trials will be necessary to further confirm this.
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1 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.!2 It can occur in several retinal
conditions, such as diabetic retinopathy (DR), agerelated macular degeneration (AMD), retinal vascular
disorders, and many other ocular and systemic diseases resulting in visual impairment.>“At present, anti-
vascular endothelial growth factor (anti-VEGF) drugs, 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.’® In their midst, 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).”™® Sometimes glucocorticoids
are even a first-line treatment, e.g. patients with high-risk cardiovascular disease, poor compliance, severe
edema (>500 mm), patients with pseudolenses, patients scheduled for cataract surgery, and patients with a
history of vitrectomy.®

Glucocorticoids have long been used in the treatment of macular edema; systemic glucocorticoids are effec-
tive but are associated with adverse events, including adrenal insuffciency, Cushing’s syndrome, diabetes,
cardiovascular disease, osteoporosis, and immunosuppression. 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
cataracts and elevations in intraocular pressure (IOP).? In comparison with other glucocorticoids, because
triamcinolone acetonide (TA) is a minimally water-soluble steroid in a suspension form, it can maintain a
long-term intraocular concentration for an expanded period of time. TA has been reported to be present in
the eye for as long as six months after the injection, and it is present in measurable concentrations up to 1.5
years after intravitreal injections of triamcinolone acetonide (IVTA).19 The incidence of IOP increase after
IVTA may be as high as 83.3% in the literature.!! The most recent meta-analysis indicated that sub-Tenon’s
capsule injection of TA injection has a comparable effect to the intravitreal injection of TA injection and
carries a lower risk of intraocular complications.!?

At present, there is no comparison of the safety of triamcinolone acetonide in the treatment of macular edema
with different routes of administration, and no recommendations are provided. Therefore, we conducted this
systematic review and network meta-analysis (NMAs) to comprehensively evaluate and compare the safety
of triamcinolone acetonide administration via different routes in patients with macular edema.

2 METHODS



We registered our protocol on PROSPERO (CRD42022366513) and the study adheres to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines for NMAs (Supplementary
Table 1).13

2.1 Search strategy and eligibility criteria

We comprehensively searched PubMed (up to April 24, 2022), Embase (using the OVID platform: from
1974 to January 2022), MEDLINE (OVID MEDLINE (R):from 1946 to Present), and the Cochrane Library
(CENTRAL) from inception to the first quarter of 2022. We searched ClinicalTrials.gov and the reference
lists of key reviews and meta-analyses to supplement the identified citations. Searches included terms relating
to triamcinolone acetonide, macular edema, and randomized controlled trials (Supplementary Table 2).

2.2 Study selection

Inclusion criteria were defined using the ‘Patients, interventions, comparators, outcomes, study designs,
timeframe’ (PICOST) framework, as follows: 1) Participants: ME Patients, age [?]18; 2) Interven-
tions/Comparisons: Triamcinolone acetonide of different routes of administration, including injection tri-
amcinolone acetonide (IVTA), orbital floor triamcinolone acetonide (OFTA), retrobulbar injections triamci-
nolone acetonide (RITA), suprachoroidal triamcinolone acetonide (SCTA), Sub-Tenon’s infusion of triamci-
nolone acetonide (STiTA) or placebo; All treatments should be given alone and not in combination with any
other routes of administration mentioned for TA in interventions. 3) Outcomes: Intraocular pressure (IOP)
change from baseline; 4) Study Design: The language of the published or unpublished randomized controlled
trials (RCTs) was limited to English or Chinese. 5) Timeframe: The duration of treatment should be longer
than twelve weeks.

The exclusion criteria were as follows: 1) Animal experiments; 2) Including participants with pregnant or
lactating woman; 3) Studies published in a language other than English or Chinese; 4) Published as abstract
only; 5) Published as duplicate data; 6)Data could not be extracted; 7) Studies under the risk of poor-quality
(e.g. retracted, without random sequence generation or allocation concealment).

2.3 Screening process, data extraction

For each eligible study, two independent reviewers (XKL and YJY) independently used EndNote X9 (Clar-
ivate Analytics, Philadelphia, PA, USA) to screen titles and abstracts based on the inclusion and exclusion
criteria, and any discrepancies were resolved by discussion with a third reviewer (NS) when necessary. We
extracted the data including the baseline on included study characteristics (register number/trial name, year
of publication, country or countries, funding, duration), population (disease, sample size by number of eyes,
patient demographics), intervention description (route of administration, dose) and outcome (IOP). For IOP,
the mean and standard deviation after intervention of each study were extracted.

Quality assessment, the certainty of evidence

Two independent reviewers (XKL and YJY) independently used ROB 2 by RevMan version 6.1 to inde-
pendently assess the risk of bias of all included studies,'* and the discrepancies were resolved by discussion
with a third reviewer (NS) when necessary. The tool is used to determine the risk of bias in randomized
trials, including five types of bias risk: 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.

2.5 The certainty of evidence

Two independent reviewers (XKL and YJY) independently used the GRADE approach for network meta-
analysis to assess the certainty of the evidence.'>!” Each outcome had four classifications: high, moderate,
low, or very low, based on consideration of the risk of bias, incoherence, inconsistency, indirectness, intran-
sitivity, publication bias, and imprecision. Discrepancies were resolved by discussion with a third reviewer
(NS) if necessary.



2.6 Statistical analysis

Treatment nodes included different routes of administration. We drew network plots with the multi-
nmapackage in R (version 4.1.3).'® We conducted the network meta-analysis using a random-effects model
and consistency model. This analysis was performed with the Bayesian framework.'® We chose mean dif-
ferences (MD) and 95% credible intervals (CrI) for intraocular pressure. We used the Markov chain Monte
Carlo method, which built up four chains, and set 80,000 iterations after an initial burn-in of 20,000 and a
thinning of one. We assessed local incoherence and obtained indirect estimates using node splitting models.2°
We calculated the surface under the cumulative ranking curve (SUCRA) to rank different administration
routes.?! SUCRA is a percentage interpreted as the probability of a treatment that is the safest without
uncertainty on the outcome, which is equal to 1 or 0 when the treatment is certain to be the best or the
worst respectively. We performed multiple sensitivity analyses: 1) exclusion of studies without diabetes
mellitus; 2) exclusion of studies with fewer than 20 participants; and 3) exclusion of studies with combined
laser therapy. We conducted the above statistical analyses using the gemtcpackage in R (Version 4.1.3).

3 RESULTS
3.1 Characteristics of eligible studies

The literature search flow chart is shown in Figure 1. After screening 1138 articles and registered clinical
trials, a total of 16 studies between 2005 and 2022 were included in the meta-analysis according to pre-
determined criteria, involving 834 eyes (575 patients).??3” The main characteristics 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 following
4 groups: IVTA, RITA, SCTA, and STiTA. Fourteen RCTs involved IVTA compared with other routes of
TA administration (the retrieved routes of administration contained RITA, SCTA, and STiTA); 6 RCTs
compared TA to placebo (the retrieved routes of TA administration contained IVTA, STiTA and RITA);
and 3 RCTs both the intervention group and the control group received intravitreal bevacizumab, which was
a full-length humanized monoclonal antibody against vascular permeability-associated endothelial growth
factor. The baseline characteristics included the overall proportion of men, 52.01%; age, ranging from 39.5
to 76.67 years; and length of follow-up, from 12 to 24 weeks. In addition, none of the trials were funded by
pharmaceutical companies.

3.2 Risk of bias of included studies

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 blinding of participants because the TA was administered by injection and
could not be blinded. The assessment of the risk of bias in the included studies is shown in Figure 2. Of the
16 studies, for selection bias, 4 studies (25%) were at low risk of bias in the randomisation 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 objective 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 studies (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 appropriate given the comparability in study design, outcome
measures, patients involved, and inclusion and exclusion criteria. Homogeneity and consistency assumptions
were confirmed.

3.3 Results of network meta-analysis

The network plots of each outcome are presented in Figure 3 (A, B and C), presenting the results and



quality of evidence for IOP at the 4" week, the 12" week , and the 24*" week of triamcinolone acetonide
treatment by different routes of administration. Heterogeneity of the network meta-analysis is also shown in
the appendix(Supplementary Figure 1-3).

3.4 I0P

Eighteen RCTs including 834 eyes (575 patients) reported IOP after triamcinolone therapy with different
routes of administration. Intervention nodes included in this network meta-analysis were intravitreal injection
triamcinolone, retrobulbar injections triamcinolone, sub-Tenon’s infusion of triamcinolone, suprachoroidal
triamcinolone, and placebo. The GRADE quality for network meta-analysis is shown in Figure 4. Detailed
data are shown in the appendix (Supplementary Table 4-6). In pairwise comparisons within the network
of these RCTs: at the 4th week, there was no statistically significant effect on IOP between triamcinolone
acetonide by different routes of administration and placebo. At the 12th week, there was a significant
difference in IOP between IVTA and STiTA (MD, 1.67 [95% CrI, 0.25, 3.15], Figure 4B), whereas other
pairwise comparisons were not different from each other. At the 24th week, compared with the placebo
group, IVTA, SCTA and STiTA had statistically significant effects on IOP (MD, 1.35 [95% CrI, 0.23, 2.30],
2.42 [95% Crl, 4.53, 0.19], and 1.31 [95% CrlI, 2.49, 0.02|, Figure 4C).

3.5Rankings and sucra

The rank probabilities of different routes of administration for triamcinolone acetonide and placebo are shown
in Figure 5. The rank diagrams show that the probabilities of RITA being the safest routes of administration
were 35.50% (the 4th week), 57.80% (the 12th week), and 65.60% (the 24th week). The rank diagrams show
that the probabilities of IVTA being among the top safety routes of administration are both 0.00% at the
4th week, the 12th week, and the 24th week. The SUCRA values of triamcinolone acetonide treatment by
different routes of administration were RITA (0.7041) > STiTA (0.5865) > PLA (0.5431) > SCTA (0.5149)
> IVTA (0.1513) at the 4th week, RITA (0.8029) > STiTA (0.6380) > PLA (0.5973) > SCTA (0.3691) >
IVTA (0.0926) at the 12th week, and RITA (0.8726) > PLA (0.8221)> STiTA (0.3704) > IVTA (0.3565) >
SCTA (0.0783) at the 24th week. Detailed data are shown in Supplementary Tables 7-9.

3.6 Sensitivity analyses

The sensitivity analyses are presented in Supplementary Tables 10-15. The sensitivity analyses were consis-
tent with the results of the main analysis. The results did not change when the analyses for all interventions
on the outcomes excluded studies with non diabetic macular edema, and excluded studies with fewer than
20 eyes.

4DISCUSSION

Treatment choice should not be based only on the effectiveness of the treatment, but also on the management
of adverse events and long-term tolerability. This systematic review and network meta-analysis involving
16 studies that enrolled 834 eyes (575 patients) provided moderate certainty evidence, which investigated
the safety of triamcinolone acetonide by different routes of administration and placebo treatment for ME.
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 optimal balance of efficacy and safety in the management
of 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 placebo. Nevertheless, although not statistically significant, our results indicate that RITA is the safest
route of injection and IVTA ranked first in the risk of IOP. With the extension of treatment time, IVTA,
SCTA and STiTA increased the risk of IOP elevation. This risk did differ significantly between them and
placebo. According to the ranking and SUCRA values, it was found that compared to the other routes of
injection, the incidence of IOP with RITA was even lower.

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.?®4° However, triamcinolone acetonide is not an approved



medication for DME. It has been used off-label. According to the statistical results, [IVTA may be associated
with a have the higher risk of IOP from 4 to 36 weeks of follow-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.?® Two RCTs found that the addition of IVTA + IVB significantly increased the risk
of IOP at the end of the study period compared with IVB.3%32 From a head-to-head trial, IVTA increased
the risk of IOP compared with placebo.?6 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 preoperative
level showed a decrease.*! 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 suprachoroidal injection. However, there were few studies
related to SCTA administration, and 2 RCTs were finally included according to our inclusion criteria.??:37
They only 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.#?43 All of these studies prove that TA injection has a similar effect on IOP either injected
intravitreally or in the suprachoroidal space. It is noteworthy 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% CrI, 4.53, 0.19] at the 24th week. Intriguingly, as suggested by the SUCRA
ranking scheme, SCTA was ranked last at the 24th week. IVTA was 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.
hence, further research is mandatory in this context. Maggio et al found that RITA was proposed, which
had the advantage of being associated with fewer side effects when compared with IVTA, including a re-
duced risk of steroid-induced cataract and IOP rise, and no risk of endophthalmitis and rhegmatogenous
retinal detachment.** 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 therapy: retrobulbar or sub-Tenon’s corticosteroids
in moderate pseudophakic cystoid macular edema (PCME) and intravitreal corticosteroids in recalcitrant
PCME.* Moreover, the IOP increases after any routes of triamcinolone acetonide application are not rare,
although the temporary interruption of treatment is generally not required.*®Considering this, careful follow-
up of IOP is required after TA administration via different routes therapy.

4.1 Strengths and limitations

Although there is a substantial body of literature reporting the efficacy and safety of intravitreal injection
triamcinolone, retrobulbar injections triamcinolone, suprachoroidal triamcinolone, and sub-Tenon’s infusion
of triamcinolone in the treatment of macular edema, there have been no network meta-analysis comparisons
of these four commonly used therapies. The strengths of our review include the most comprehensive synthesis
of evidence to date on the saftey of triamcinolone acetonide by different routes of administration therapies for
macular edema, including all recent publications. To the best of our knowledge, this is the first network meta-
analysis to compare the efficacy of triamcinolone acetonide by different routes of administration for macular
edema. In addition, this study has a higher standard, due to accurate experimental types of randomized
trials, identifying 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 review include the limited quality of evidence, which may be caused by the limited number
of RCTs. It had further influence on indirect comparisons of some network estimates. This problem would be



resolved with the augmentation 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 is that our inclusion criteria
for disease were not highly strict. Macular edema from various diseases, such as diabetes and branch retinal
vein occlusion were included in our network meta-analysis.The fourth limitation is the small sample size of
some RCTs included in the present study. However, The results did not change when sensitivity analyses for
all interventions on the outcomes excluded studies with non diabetic macular edema and excluded studies
with fewer than 20 eyes.

5. CONCLUSION

In this systematic review and network meta-analysis of studies of patients with macular edema and at least
12 weeks of follow-up, our findings underscore the notion that any TA by different routes of injection therapy
compared with placebo did increase IOP risk. RITA is potentially the safest route of injection in macular
edema treatment for the risk of IOP. At 4 and 12 weeks of follow-up, the highest risk of IOP was found
in IVTA, and at 24 weeks of follow-up, the highest risk became SCTA. This conclusion 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 trials must be performed to validate the risk identified in the current meta-analysis.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further
inquiries can be directed to the corresponding authors.

AUTHORS’ CONTRIBUTIONS

KXL and YJY were in charge of study design, data collection and interpretation, the quality assessment of
evidence, and manuscript preparation. NS critically reviewed the manuscript and provided revisions. KXL,
JX, and LZ were involved in the statistical analysis. NS was involved in data collection, data interpretation,
and the quality assessment of evidence.All authors contributed to the article and approved the submitted
version.

FUNDING

KXL was supported by grants from Sichuan Province Science and Technology Support Program (grant
number 2023JDKP0059). This research was supported by National Key Clinical Specialties Construction
Program.

COMPETING INTERESTS

The authors declare that the research was conducted in the absence of any commercial or financial relation-
ships that could be construed as a potential conflict of interest.

SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://
REFERENCES

1. Daruich A, Matet A, Moulin A, et al. Mechanisms of macular edema: Beyond the surface. Prog Retin
Eye Res . 2018;63:20-68.

2. Carreira AR, Marques N, Carreira P, et al. Safety of intravitreal triamcinolone and its impact on optic
nerve morphology in patients treated for diabetic macular edema. Eur J Ophthalmol . 2022;32(3):1596-1601.

3. Vujosevic S, Midena E. Controversies in Pharmacological Treatment of Inflammatory Component of
Macular Edema. Curr Pharm Des . 2015;21(32):4688-93.

4. Golan S, Loewenstein A. Surgical treatment for macular edema.Semin Ophthalmol . Jul 2014;29(4):242-56.



5. Tang B, Wang X, Luo Y, Li Z, He Y. Efficacy and Safety of Intravitreal Injection of Triamcinolone
Acetonide and Conbercept for Intraocular Lens after Cataract Surgery. FEvid Based Complement Alternat
Med . 2022;2022:5606343.

6. Huang L, Zhang Z, Yao T, Gao X, Dan Y, He Y. The 100 top-cited articles in macular edema from 1950
to 2020. Semin Ophthalmol . 2022;37(2):203-207.

7. Schmidt-Erfurth U, Garcia-Arumi J, Gerendas BS, et al. Guidelines for the Management of Retinal Vein
Occlusion by the European Society of Retina Specialists (EURETINA). Ophthalmologica . 2019;242(3):123-
162.

8. Chhablani J, Wong K, Tan GS, et al. Diabetic Macular Edema Management in Asian Population: Expert
Panel Consensus Guidelines. Asia Pac J Ophthalmol (Phila) . 2020;9(5):426-434.

9. Valdes LM, Sobrin L. Uveitis Therapy: The Corticosteroid Options. Drugs . 2020;80(8):765-773.

10. Jea SY, Byon IS, Oum BS. Triamcinolone-induced intraocular pressure elevation: intravitreal injection
for macular edema and posterior subtenon injection for uveitis. Korean J Ophthalmol . 2006;20(2):99-103.

11. Young S, Larkin G, Branley M, et al. Safety and efficacy of intravitreal triamcinolone for cystoid macular
oedema in uveitis. Clin Experiment Ophthalmol . 2001;29(1):2—6 .

12. Ibrahim MG, Salman A, Said AA, et al. Efficacy of posterior sub-tenon’s capsule injection compared
to intravitreal injection of triamcinolone acetonide for treatment of diabetic macular edema: A systematic
review and meta-analysis. Fgypt Retin J.2021;8(1):2347-5617.

13. Hutton B, Salanti G, Caldwell DM, et al. The PRISMA extension statement for reporting of systematic
reviews incorporating network meta-analyses of health care interventions: checklist and explanations. Ann
Intern Med . (2015) 162:777-84.

14. Higgins JP, Savovi¢ J, Page MJ, et al. Chapter 8: Assessing risk of bias in a randomized trial. Cochrane
handbook for systematic reviews of interventions version 6.1 (updated September 2020). The Cochrane 15
Collaboration, 2020. Available at: https://training.cochrane.org/handbook/current/chapter-08;.

15. Brignardello-Petersen R, Florez ID, Izcovich A, et al. GRADE approach to drawing conclusions from a
network meta-analysis using a minimally contextualised framework. BMJ . 2020; 371: m3900.

16. Hultcrantz M, Rind D, Akl EA; et al. The GRADE Working Group clarifies the construct of certainty
of evidence. J Clin Epidemiol . 2017;87:4-13.

17. Zeng L, Brignardello-Petersen R, Hultcrantz M, et al. GRADE guidelines 32: GRADE offers guidance
on choosing targets of GRADE certainty of evidence ratings. J Clin Epidemiol . 2021;137: 163-175.

18. Multinma: Bayesian Network Meta-Analysis of Individual and Aggregate Data [program|. R package
version 4.1.3 version (2020).

19. Greco T, Landoni G, Biondi-Zoccai G, et al. A Bayesian network meta-analysis for binary outcome:
how to do it. Stat Methods Med Res . 2016;25:1757-1773.

20. Valkenhoef GV, Dias S, Ades AE, et al. Automated generation of node-splitting models for assessment
of inconsistency in network meta-analysis. Res Synth Methods. 2016;7:80-93 .

21. Salanti G, Ades AE, Ioannidis JP. Graphical methods and numerical summaries for presenting results
from multiple-treatment meta-analysis: an overview and tutorial. J Clin Epidemiol . 2011;64:163-71.

22. Abdelshafy TA, Tawfik ST, Anany EM, et al. A Randomized Trial Comparing Suprachoroidal and
Intravitreal Injection of Triamcinolone Acetonide in Refractory Diabetic Macular Edema due to Epiretinal
Membrane. J Ophthalmol . 2022;2022:7947710.



23. Bonini-Filho MA, Jorge R, Barbosa JC, et al. Intravitreal injection versus sub-Tenon’s infusion of
triamcinolone acetonide for refractory diabetic macular edema: a randomized clinical trial. Invest Ophthalmol
Vis Sci. 2005;46(10):3845-3859.

24. Cardillo JA, Melo LA, Jr., Costa RA, et al. Comparison of intravitreal versus posterior sub-
Tenon’s capsule injection of triamcinolone acetonide for diffuse diabetic macular edema.Ophthalmology .
2005;112(9):1557-1563.

25. El-Sayed S, Ellakwa AA, Badawi NM, et al. Intravitreal versus subtenon injection of triamcinolone
acetonide for diabetic macular edema. Menoufia Med J. 2014;27:636-664.

26. Gillies MC, McAllister IL, Zhu M, et al. Pretreatment with intravitreal triamcinolone before laser for
diabetic macular edema: 6-month results of a randomized, placebo-controlled trial. Invest. Ophthalmol Vis
Sci . 2010;51(5):2322-2328.

27. Hayashi K, Hayashi H. Intravitreal versus retrobulbar injections of triamcinolone for macular edema
associated with branch retinal vein occlusion. American journal of ophthalmology . Jun 2005;139(6):972-82.

28. Li SY, Miao L, Chen H, et al. Efficacy and safety of combination treatment with triamcinolone acetonide
retrobulbar injection and panretinal photocoagulation in diabetic macular edema. [Chinese|.J Jilin Univer
Med Edi. 2014;40(6):1289-1292.

29. Luo D, Zhu B, Zheng Z, et al. Subtenon Vs Intravitreal Triamcinolone injection in Diabetic Macular
Edema, A prospective study in Chinese population. Pak J Med Sci . 2014;30(4):749-754.

30. Marey H, Ellakwa AF. Intravitreal bevacizumab alone or combined with triamcinolone acetonide as the
primary treatment for diabetic macular edema. Clin Ophthalmology . 2011;5:1011-6.

31. Moon J, Kim M, Sagong M. Combination therapy of intravitreal bevacizumab with single simultaneous
posterior subtenon triamcinolone acetonide for macular edema due to branch retinal vein occlusion.Fye
(London, England) . 2016;30(8):1084-1090.

32. Rakhee A, Ajay A, Sagdeo M. Effect of combined Intravitreal Injections of Bevacizumab and Tri-
amcinolone Acetonide vs intravitreal Bevacizumab in Diffuse Diabetic Macular Edema. J Med Dent
5¢i.2014(13):01-06.

33. Saleh MA, Abdelmoneim M, Fahmy H, et al. Posterior subtenon versus intravitreal triamcinolone
acetonide injection for the treatment of diabetic macular edema. Curr Med Res Pract . 2017;2(2):141.

34. Soliman Mohamed A, Hamed AA, Nehad T, Islam M, Metawee AA. Comparison between the effects of
intravitreal and posterior subtenon injection of triamcinolone acetonide for treatment of diabetic macular
edema. Benha Med J.2018;35:13-19.

35. Takata C, Messias A, Folgosa MS, et al. Intravitreal injection versus subtenon infusion of triamcinolone
acetonide during cataract surgery in patients with refractory diabetic macular edema. Retina. 2010;30(4):562-
569.

36. Wickremasinghe SS, Rogers SL, Gillies MC, et al. Retinal vascular caliber changes after intravitreal
triamcinolone treatment for diabetic macular edema. Invest Ophthalmol Vis Sci. 2008;49(11):4707-4711.

37. Zakaria YG, Salman AG, Said AMA, et al. Suprachoroidal versus Intravitreal Triamcinolone Acetonide
for the Treatment of Diabetic Macular Edema. Clin Ophthalmol. 2022;16:733-746.

38. Chhablani J, Wong K, Tan GS, et al. Diabetic Macular Edema Management in Asian Population:
Expert Panel Consensus Guidelines.Asia Pac J Ophthalmol (Phila) . 2020;9(5):426-434.

39. American Diabetes Association Professional Practice Committee (2022). 12. Retinopathy, Neuropathy,
and Foot Care: Standards of Medical Care in Diabetes-2022. Diabetes Care . 2022; 45(Suppl 1), S185-S194.



40. Schmidt-Erfurth U, Garcia-Arumi J, Gerendas BS, et al. Guidelines for the Management of Retinal Vein
Occlusion by the European Society of Retina Specialists (EURETINA). Ophthalmologica.2019;242(3),123-
162.

41. Yuksel-Elgin C, Elgin C. Intraocular pressure elevation after intravitreal triamcinolone acetonide injec-
tion: a Meta-analysis.Int J Ophthalmol . 2016 Jan 18;9(1):139-144.

42 Wykoff CC, Khurana RN, Lampen SIR, et al. Suprachoroidal triamcinolone acetonide for diabetic macular
edema: the HULK trial. Ophthalmol Retina . 2018;2:874-877.

43 Barakat MR, Wykoff CC, Gonzalez V, et al. Suprachoroidal CLS-TA plus intravitreal aflibercept for
diabetic macular edema: a randomized, double-masked, parallel-design, controlled study. Ophthalmol Retina
. 2021;5(1):60-70.

44 Maggio E, Mete M, Polito A, et al. Retrobulbar triamcinolone for inflammatory choroidal neovascular-
ization in pregnancy. BMC Ophthalmol . 2020;20(1):483.

45 Grzybowski A, Kanclerz P. The Role of Steroids and NSAIDs in Prevention and Treatment of Postsurgical
Cystoid Macular Edema. Curr Pharm Des . 2018;24(41):4896-4902.

46 Wykrota AA, Abdin AD, Munteanu C, et al. Incidence and treatment approach of intraocular pressure
elevation after various types of local steroids for retinal diseases. Graefes Arch Clin Exp Ophthalmol.2023,;

Hosted file

BJCP-TABLE 1.docx available at https://authorea.com/users/641059/articles/655615-risk-of-
intraocular-pressure-elevation-associated-with-triamcinolone-acetonide-administration-
via-different-routes-in-macular-edema-a-systematic-review-and-network-meta-analysis-of-
randomized-controlled-trials

10


https://authorea.com/users/641059/articles/655615-risk-of-intraocular-pressure-elevation-associated-with-triamcinolone-acetonide-administration-via-different-routes-in-macular-edema-a-systematic-review-and-network-meta-analysis-of-randomized-controlled-trials
https://authorea.com/users/641059/articles/655615-risk-of-intraocular-pressure-elevation-associated-with-triamcinolone-acetonide-administration-via-different-routes-in-macular-edema-a-systematic-review-and-network-meta-analysis-of-randomized-controlled-trials
https://authorea.com/users/641059/articles/655615-risk-of-intraocular-pressure-elevation-associated-with-triamcinolone-acetonide-administration-via-different-routes-in-macular-edema-a-systematic-review-and-network-meta-analysis-of-randomized-controlled-trials
https://authorea.com/users/641059/articles/655615-risk-of-intraocular-pressure-elevation-associated-with-triamcinolone-acetonide-administration-via-different-routes-in-macular-edema-a-systematic-review-and-network-meta-analysis-of-randomized-controlled-trials

Identification ‘

Screening

°
3
3
El

Records identified through database
searching (n=1472) :

PUBMED (n = 786);

CENTRAL (n=202);

MEDLINE (n = 184);
Embase (n = 300);

Additonal records identfied
through other sources
(n=0)

Records after duplicates removed (n = 1138)
Duplicates (n = 334)

]

Records excluded (n = 1094):

Animal/in-vitro (n = 12);
Copy/ duplicate (n = 12:
Disease/drug (n
No Results Posted (i
Study design (n

Record: ed (n = 1138)
Full-text artcles assessed for
eligibility
(n=44)

qualitati

‘Studies included in

(n=16)

ive synthesis

Studies included in

(DME =11.DDME =2

qualitative synthesis

Full-text artcles excluded (n = 24):

Lack of separate outcomes (n = 13);

Unable to obtain full article/trail not

fnalized 3

Multiple publication of a single study
(n=6);

11




This a preprint and ha

1t pe

with 11

sht holder is the

Study ID

Abdelshafy 2022 SCTA
Bonini 2005 STTA
Cardillo 2005 STTA
E1-Sayed 2014 IVTA
Gilies2010  IVTA+Laser
Hayashi 2005 IVTA
L2014 RITA+PRA
Luo 2014 WA
Marey2011  IVTA*IVB
Moon2016  STTA+VB
Rakhee 2014 IVTA*IVB
Saleh2017  VTA
Solman2018  IVTA
Taata2010  VTA
Wickremasinghe IVTA

Zakaria2022  SCTA

Outcome
BCVACMTIOP
BCVACMTIOP
BCVACMTIOP
BCVACMTIOP
cMTiop
BCVACMTIOP
BCVACMTIOP
BCVACMTIOP
BCVACMTIOP
BCVACMTIOP
BCVACMTIOP
BOVAIOP
BCVACMTIOP
cmTiop
cmTiop
BCVACMTIOP

0000000000000000:
0000000000000000:
0000000000000000:
0000000000000000:
0000000000000000:

0000000000000006;

1

@ L

@ somecorcems

@ Hovs

o1
02
03
04
05

Randomisation process.
Deviations from the intended interventions.
Missing outcome data

Measurement of the outcome

Selection of the reported result

As percentage (intent

totreat)

12




22541

RITA

RITA

13




Certainty of evidence

[ High ] Moderat ] Low [l Very low

14




8150

1990
o @ © <
= o IS S
2950
o @ ©
= o =]

STITA

<

=

o

@

<

= .

) £
o«

P =}

o 2

o =
3
o

< I~

Py o

>

N =3
s o

<

=

e

2

< €280

Pt

3

@

<

=

I

<

4

=

<

=

>

QO o
=

Wist m2nd ®3rd ®4th ®Sth

PLA RITA SCTA STITA

IVTA

Lreurupoad o Keur vye(]

pomotant 1ad weeq 1ot sey pue yuudod © si T

6891 e

[7¢2e 01

310 10D

sy

TOISSTI

d oA AsTaT ON

POATISAI SIS [y

TopuIL

I0T[J11E B[} ST IDP[OT] I3

{doo a1, | 20T Tf 6T 1O PaISO,

15



