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Abstract

Background: Triamcinolone acetonide is a synthetic corticosteroid with multiple ocular uses.
Like other corticosteroids, it too is associated with ocular side effects such as increased
intraocular pressure (I0P), glaucoma and cataracts. Suprachoroidal administration of
triamcinolone is hoped to reduce the ocular side effects of the drug, especially rises in IOP.
Our systematic review and meta-analysis aims to study this phenomenon.

Objectives: The purpose of this study was to evaluate the effect of suprachoroidal
triamcinolone injections on I0P.

Design: Systematic review and meta-analysis

Methods: We utilized the Medline, Scopus and Cochrane databases for this review. Studies
published till June 2023, which fulfilled the eligibility criteria, were included. Studies in the
English language with adult participants who were administered suprachoroidal triamcinolone
without any concurrent intervention were included, whereas studies that did not report the
mean and standard deviation for IOP were excluded. The outcome of interest was IOP at 1, 3
and 6 months post-suprachoroidal triamcinolone injection. IOP values from included studies
were extracted onto Review Manager version 5.4 for analysis.

Results: Our search yielded 104 results, from which 22 papers were shortlisted for full-

text screening. Finally, 12 studies were included in the analysis. Our analysis suggests a
statistically significant increase in IOP in the first month after suprachoroidal triamcinolone
injection but no significant differences at 3 and 6 months post-injection as compared to
baseline.

Conclusion: Elevated IOP at 1 month post-injection must be considered when using
suprachoroidal triamcinolone and adequate safety measures must be taken. However, the
absence of a significant rise at 3 and 6 months post-injection indicates that this modality is
safer than other existing drug delivery methods.

Trial registration: Registered with the Research Registry with the unique identifying number
‘reviewregistry1656." https://www.researchregistry.com/browse-the-registry#registryofsyste
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disease, complicated chalazia, iridocyclitis, scleri-
tis, macular oedema and allergic eye diseases.
However, ocular and systemic use of corticoster-
oids has traditionally been associated with rises in
intraocular pressure (IOP) as well as increased
risk of glaucoma and cataracts.?

The first reported use of corticosteroids for oph-
thalmic purposes was in the 1950s by Gordon
and McLean.? Since then, there have been inno-
vations in the variety of corticosteroids available,
as well as their methods of administration. Topical
application is generally preferred for anterior
segment pathologies, but it has limited utility in
posterior segment diseases due to ineffective pen-
etrance and low bioavailability. The use of lipo-
some preparations is a novel innovation that has
been designed to counter this limitation but its
effectiveness in humans for delivering triamci-
nolone acetonide is yet to be proven.* Periocular
injections into the retro-bulbar, sub-tenon, sub-
conjunctival and peri-bulbar spaces can also be
considered. However, these techniques have been
associated with unique complications such as
orbital rim fat atrophy and granuloma formation.>
Intravitreal use of triamcinolone rose to promi-
nence in the 2000s due to its increased drug
potency. However, it is also associated with many
of the adverse effects linked with corticosteroids
due to diffusion into the anterior segment.®
Suprachoroidal injections of triamcinolone ace-
tate are currently gaining traction after promising
results in large clinical trials, due to less observed
drug bioavailability in the anterior segment and
significantly greater spread to the retina and cho-
roid.”® This technique involves injecting into the
suprachoroidal space, which is a potential space
between the choroid and sclera.!® Due to lower
penetrance into the anterior chamber, it was
hoped that this technique would reduce the
adverse effects commonly associated with ocular
corticosteroid use. Suprachoroidal triamcinolone
acetonide received Food and Drug Administration
(FDA) approval in 2021 after the PEACHTREE
trial and is currently the only FDA-approved
suprachoroidal-administered corticosteroid for
use in uveitic macular oedema.!! In all, 160 par-
ticipants were involved in the PEACHTREE
trial, which highlighted a statistically significant
increase in best-corrected visual acuity and reso-
lution of macular oedema.” Other prominent tri-
als conducted to assess the efficacy and safety of
suprachoroidal triamcinolone acetonide for the
treatment of uveitic macular oedema include
AZALEA, MAGNOLIA and DOGWOOD.%1213

Trials to observe the efficacy of suprachoroidal
triamcinolone for treating diabetic macular
oedema have also been conducted such as the
HULK and TYBEE trials.!%15

This is a first-of-its-kind systematic review and
meta-analysis to evaluate the impact of supracho-
roidal triamcinolone acetonide injections on the
IOP. A meta-analysis has been conducted regard-
ing the effect of intravitreal triamcinolone aceton-
ide injections on IOP but no such literature exists
for suprachoroidal delivery to better inform clini-
cal practices.!® Elevations in IOP can lead to mul-
tiple complications, so it is essential to evaluate
the effect of suprachoroidal triamcinolone aceto-
nide injections on the IOP to determine its safety.
Elevated IOP is an established risk factor for glau-
coma, which remains the most common cause of
irreversible blindness worldwide. Raised IOP is
postulated to induce mechanical degeneration of
retinal ganglion axons passing through the lamina
cribrosa.l”

Methodology

This systematic review and meta-analysis was
performed in accordance with the Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines.!8

Study selection

The literature search was conducted by two inde-
pendent reviewers (ASG and AHK), who
screened all published articles till June 2023 using
the Medline, Scopus and Cochrane databases.
The key terms utilized were ‘suprachoroidal’, ‘tri-
amcinolone’, ‘IOP’ and ‘intraocular pressure’,
and the Boolean operators ‘AND’ and ‘OR’ were
utilized. The population of interest was adult
patients who had been administered suprachoroi-
dal triamcinolone. Both randomized and non-
randomized interventional studies were included
for comprehensiveness. Screening of articles was
done by ASG and AHK based on the title and
abstract using the software ‘Rayyan’. Both review-
ers were initially blinded for screening, and this
blind was removed once each reviewer had com-
pleted their screening. Any disagreements were
resolved upon discussion. One reviewer (ASG)
was responsible for full-text screening and data
extraction onto an Excel spreadsheet. The data
were rechecked by a second reviewer (AHK) to
ensure accuracy and avoid errors. Furthermore,
to assess the quality of the papers included in this
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study, two reviewers (ASG and AHK) utilized the
NHLBI study quality assessment tools to evalu-
ate the quality of the studies that were included.
The Plot Digitizer software was utilized to extract
IOP mean and standard deviation values when
this information was not provided in the text but
presented in graphs.

Eligibility criteria
The inclusion criteria were as follows:

Studies containing patient data where
suprachoroidal triamcinolone was utilized
for any indication.

Patients aged 18years and above only.
Articles in the English language only.

ey

2
3)

The exclusion criteria were as follows:

(1) Case reports, case series with a sample of
<10 eyes of patients, reviews, abstracts,
conference presentations, editorials and
expert opinions.

Studies where interventions other than
suprachoroidal triamcinolone were used
concurrently, such as intravitreal anti-
VEGTF injections.

Studies where the mean and standard
deviation of IOP were not reported.

(4) Studies not conducted on humans.

2

3)

Outcomes

The primary outcome assessed as part of this
systematic review and meta-analysis was the
IOP at 1, 3 and 6 months after administration of
4mg/0.1ml suprachoroidal triamcinolone. The
unit used for measuring IOP was mmHg.

Analysis

Meta-analysis was performed by ASG using
Review Manager version 5.4. IOP was considered
continuous data. Mean difference was the effect
measure used with a confidence interval (CI) of
95%, and a p-value <0.05 was considered signifi-
cant. A random-effects model was used for this
analysis. The IOP mean and standard deviation
at study intervals of 1, 3 and 6 months post-supra-
choroidal triamcinolone injection were compared
to the IOP mean and standard deviation at base-
line, to determine the impact of suprachoroidal
triamcinolone injections on IOP. Heterogeneity

[ Identification of studies via databases and registers

Records identified from PubMed,
Scopus, Cochrane: (n=104)
PubMed (n = 34)
Scopus (n = 53)
Cochrane (n = 17)

screening:

A4

Identification

Records removed before

Duplicate records removed
(n=45)

A

Records screened

(n = 59) reviewers

(n=37)

Records excluded by two

A 4

Reports sought for retrieval
(n=22)

v

(n=1)

Reports not retrieved

Screening

\d

Reports assessed for eligibility
(n=21)

v

(n=1)

Reports excluded:
No published results (n = 3)
|OP mean and/or SD not
reported (n = 3)
No data at 1, 3, or 6 months

<10 eyes (n=2)

Studies included in review
(n=12)

[ Included ] [

Figure 1. PRISMA flow diagram for the review process.

PRISMA, preferred reporting items for systematic reviews and meta-analyses.

was evaluated using the I? value, with <30%
representing low heterogeneity, 30—60% denot-
ing moderate heterogeneity and >60% indicating
high heterogeneity. Sensitivity analysis was per-
formed with a leave-one-out method to determine
if heterogeneity was disproportionately affected
by any included study.

Results

The initial search strategy yielded 104 articles,
across 3 databases. Removal of duplicates and
screening based on title and abstract shortlisted
22 articles for full-text review. A total of 12 stud-
ies were included in the analysis, after a compre-
hensive evaluation of the shortlisted studies using
the eligibility criteria. Details about the process
are shown in Figure 1. The inter-reviewer agree-
ment and reliability was assessed wia Cohen’s
Kappa coefficient, which was found to be 0.86.
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Table 1. 0P values of individual studies included in this systematic review and meta-analysis.
Study Sample  I0P (mm Hg)
Baseline 1 month 3months 6 months
Abdelshafy Tabl (2022)'7 13 14.00+2.00  12.00%2.00 14.00 +2.00 -
Ali (2023)20 16 15.06 +=2.82 15.75+2.89 15.56 +=2.63 -
Ateeq (2023) 70 13.01+0.10 13.81+0.08 13.26 =0.10 -
Hanif (2021)22 30 17.07+2.88  17.90+3.37 17.37 =3.29 -
Henry (2022]"2 38 13.30+3.58  15.40*4.56  1450+358  15.20+4.19
Jahangir (2021)23 22 14.25+3.13 14.87 = 3.41 14.52 +3.12 -
Nawar (2022)8 55 12.31+0.20 13.30+0.50 12.28 +0.20 12.34+0.30
Shaikh (2023)2 17 15.97 = 2.40 16.34+1.90 17.23+1.23 16.23+0.34
Tayyab (2020)2° 24 13.37 +2.81 13.95+3.34 13.45 +2.32 -
Yeh (2019)° 17 13.00+2.73 15.00 = 3.75 - -
Zakaria (2022)0 15 16.73 +2.69 18.67 =5.47 18.47 = 4.53 16.00 +2.53
Zhang (2022)2¢ 20 15.05+2.54  16.10*3.40 15.85+3.60 =
IOP, intraocular pressure.
CLS-TA Baseline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% ClI
Abdelshafy Tabl, A 12 2 13 14 2 13 2.2% -2.00[-3.54, -0.46]
Ali, B. 15.75 2.89 16 15.06 2.82 16 1.4% 0.69 [-1.29, 2.67] —
Ateeq, A. 13.81 0.08 70 13.01 0.1 70 44.9% 0.80[0.77, 0.83] [ |
Hanif, J. 17.9 3.37 30 17.07 2.88 30 2.1%  0.83[-0.76, 2.42] —
Henry, C.R. 15.4 4.56 38 13.3 3.58 38 1.6% 2.10 [0.26, 3.94]
Jahangir, T. 14.87 3.41 22 14.25 3.13 22 1.4% 0.62 [-1.31, 2.55] ]
Nawar, A.E. 13.3 0.5 55 12.31 0.2 55  38.8% 0.99 [0.85, 1.13] |
Shaikh, K. 16.34 1.9 17 1597 2.4 17 2.5% 0.37[-1.09, 1.83] —
Tayyab, H. 13.95 3.34 24 13.37 2.81 24 1.8%  0.58[-1.17, 2.33] —
Yeh, S. 15 3.75 17 13 2.73 17 1.1% 2.00 [-0.20, 4.20] T
Zakaria, Y.G. 18.67 5.47 15 16.73 2.69 15 0.6%  1.94[-1.14, 5.02]
Zhang, D.D. 16.1 3.4 20 15.05 2.54 20 1.6%  1.05[-0.81, 2.91] —
Total (95% CI) 337 337 100.0% 0.84 [0.60, 1.07] '3
Heterogeneity: Tau? = 0.03; Chi® = 23.42, df = 11 (P = 0.02); I = 53% _54 ’2 ) é i

Test for overall effect: Z = 6.94 (P < 0.00001) Favour_s Baseline Favours CLS-TA

Figure 2. Analysis of mean IOP at 1 month post-CLS-TA injection, 12 studies reported I0OP at baseline and 1 month post-injection.
IOP, intraocular pressure.

The 12 included studies all achieved high scores
on the NHLBI quality assessment tool, signifying
the acceptable quality of publication.

The characteristics of patients from the studies
included in the analysis are given in Table 1. In
all, 337 participants were included in the analysis,

with 100% follow-up at 1month. In total, 320
and 125 patients had follow-up data at 3 and
6 months, respectively.

The forest plots for analyses of IOP levels (mm Hg)
at 1, 3 and 6 months, against baseline, are given in
Figures 2 to 4, respectively. The cumulative mean
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CLS-TA Baseline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Abdelshafy Tabl, A 14 2 13 14 2 13 2.3%  0.00 [-1.54, 1.54] R —
Ali, B. 15.56 2.63 16 15.06 2.82 16 1.5%  0.50[-1.39, 2.39] I
Ateeq, A. 13.26 0.1 70 13.01 0.1 70  41.9% 0.25[0.22, 0.28] m
Hanif, J. 17.37 3.29 30 17.07 2.88 30 2.2% 0.30[-1.26, 1.86] —
Henry, C.R. 14.5 3.58 38 13.3 3.58 38 2.1% 1.20 [-0.41, 2.81] I
Jahangir, T. 14.52 3.12 22 14.25 3.13 22 1.6% 0.27 [-1.58, 2.12] —
Nawar, A.E. 12.28 0.2 55 12.31 0.2 55 40.5% -0.03[-0.10, 0.04] N
Shaikh, K. 17.23 1.23 17 1597 2.4 17 3.2% 1.26 [-0.02, 2.54]
Tayyab, H. 13.45 2.32 24 13.37 2.81 24 2.5% 0.08[-1.38, 1.54] -
Zakaria, Y.G. 18.47 4.53 15 16.73 2.69 15 0.8% 1.74 [-0.93, 4.41]
Zhang, D.D. 15.85 3.6 20 15.05 2.54 20 1.5%  0.80[-1.13, 2.73] —
Total (95% CI) 320 320 100.0% 0.20 [-0.03, 0.44] L 4
Heterogeneity: Tau? = 0.03; Chi? = 50.97, df = 10 (P < 0.00001); I* = 80% t t

~4

-4 -2 0 2

Test for overall effect: Z = 1.68 (P = 0.09) Favours Baseline Favours CLS-TA

Figure 3. Analysis of mean IOP at 3months post-CLS-TA injection, 11 studies reported IOP at baseline and 3months post-injection.
IOP, intraocular pressure.

CLS-TA Baseline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Henry, C.R. 15.2 4.19 38 13.3 3.58 38 11.7% 1.90 [0.15, 3.65]
Nawar, A.E. 12.34 0.3 55 12.31 0.2 55 56.4% 0.03[-0.07,0.13]
Shaikh, K. 16.23 0.34 17 1597 2.4 17 21.3% 0.26[-0.89, 1.41] B E—
Zakaria, Y.G. 16 2.53 15 16.73 2.69 15 10.6% -0.73[-2.60, 1.14]
Total (95% CI) 125 125 100.0% 0.22 [-0.46, 0.89] ?

o 2 _ . 2 _ - - S22 = } } 1 t
Heterogeneity: Tau® = 0.21; Chi® = 5.15,df = 3 (P = 0.16); I = 42% 2 - 0 3 p

Test for overall effect: Z = 0.63 (P = 0.53) Favours Baseline Favours CLS—TA

Figure 4. Analysis of mean |IOP at 6 months post-CLS-TA injection, four studies reported I0P at baseline and 6 months post-injection.
IOP, intraocular pressure.

CLS-TA Baseline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Abdelshafy Tabl, A 12 2 13 14 2 13 Not estimable
Ali, B. 15.75 2.89 16 15.06 2.82 16 0.1% 0.69[-1.29, 2.67] —
Ateeq, A. 13.81 0.08 70 13.01 0.1 70 77.8% 0.80 [0.77, 0.83] -
Hanif, J. 17.9 3.37 30 17.07 2.88 30 0.2%  0.83[-0.76, 2.42] ]
Henry, C.R. 15.4 4.56 38 13.3 3.58 38 0.2% 2.10[0.26, 3.94]
Jahangir, T. 14.87 3.41 22 14.25 3.13 22 0.1% 0.62 [-1.31, 2.55] -
Nawar, A.E. 13.3 0.5 55 12.31 0.2 55 20.7% 0.99 [0.85, 1.13] -
Shaikh, K. 16.34 1.9 17 1597 2.4 17 0.3% 0.37 [-1.09, 1.83] N E—
Tayyab, H. 13.95 3.34 24 13.37 2.81 24 0.2% 0.58[-1.17, 2.33] I
Yeh, S. 15 3.75 17 13 2.73 17 0.1% 2.00 [-0.20, 4.20] n
Zakaria, Y.G. 18.67 5.47 15 16.73 2.69 15 0.1% 1.94 [-1.14, 5.02]
Zhang, D.D. 16.1 3.4 20 15.05 2.54 20 0.2% 1.05 [-0.81, 2.91] -]
Total (95% CI) 324 324 100.0% 0.84 [0.77, 0.92] \
Heterogeneity: Tau® = 0.00; Chi® = 10.61, df = 10 (P = 0.39); I* = 6% t t

a4

-4 -2 0 2

Test for overall effect: Z = 22.30 (P < 0.00001) Favours Baseline Favours CLS-TA

Figure 5. Sensitivity analysis of mean IOP at 1 month post-CLS-TA injection.
IOP, intraocular pressure.

IOP pre-injection was 14.3, while the mean IOPs 1,  0.68, respectively. Our results suggest a significant
3 and 6 months post-injection were 15.3, 15.1 and increase in IOP in the first month after supracho-
14.9, respectively. The mean increase in IOP 1, 3 roidal triamcinolone injection compared to pre-
and 6 months post-injection were 1.00, 0.87 and injection levels, (p<<0.00001 95% CI, 0.60-1.07).
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CLS-TA Baseline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Abdelshafy Tabl, A 14 2 13 14 2 13 0.4% 0.00 [-1.54, 1.54] e
Ali, B. 15.56 2.63 16 15.06 2.82 16 0.3%  0.50[-1.39,2.39] —
Ateeq, A. 13.26 0.1 70 13.01 0.1 70 0.0% 0.25[0.22, 0.28]
Hanif, J. 17.37 3.29 30 17.07 2.88 30 0.4% 0.30 [-1.26, 1.86] —
Henry, C.R. 14.5 3.58 38 13.3 3.58 38 0.4% 1.20[-0.41, 2.81] —
Jahangir, T. 14,52 3.12 22 14.25 3.13 22 0.3%  0.27[-1.58,2.12]
Nawar, A.E. 12.28 0.2 55 12.31 0.2 55 96.6% -0.03[-0.10, 0.04] .
Shaikh, K. 17.23 1.23 17 15.97 2.4 17 0.6% 1.26 [-0.02, 2.54]
Tayyab, H. 13.45 2.32 24 13.37 2.81 24 0.5%  0.08[-1.38, 1.54]
Zakaria, Y.G. 18.47 4.53 15 16.73 2.69 15 0.1% 1.74 [-0.93, 4.41]
Zhang, D.D. 15.85 3.6 20 15.05 2.54 20 0.3% 0.80[-1.13, 2.73] I
Total (95% Cl) 250 250 100.0% -0.01[-0.11,0.10] 4
Heterogeneity: Tau®? = 0.00; Chi? = 9.03, df = 9 (P = 0.43); I = 0% _=4 _=2 5 é i
Test for overall effect: Z = 0.14 (P = 0.89) Favours Baseline Favours CLS=TA
Figure 6. Sensitivity analysis of mean IOP at 3months post-CLS-TA injection.
IOP, intraocular pressure.
CLS-TA Baseline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Henry, C.R. 15.2 4.19 38 13.3 3.58 38 Not estimable
Nawar, A.E. 12.34 0.3 55 12.31 0.2 55 99.1% 0.03 [-0.07,0.13]
Shaikh, K. 16.23 0.34 17 15.97 2.4 17 0.7%  0.26 [-0.89, 1.41] —
Zakaria, Y.G. 16 2.53 15 16.73 2.69 15 0.3% -0.73[-2.60, 1.14]
Total (95% CI) 87 87 100.0% 0.03 [-0.07,0.12] 1
Heterogeneity: Tau® = 0.00; Chi? = 0.79, df = 2 (P = 0.67); I° = 0% _:2 _:1 ) i 2

Test for overall effect: Z = 0.61 (P = 0.54)

Figure 7. Sensitivity analysis of mean IOP at 6 months post-CLS-TA injection.

IOP, intraocular pressure.

However, no significant difference from baseline
IOP levels is noted at 3months (»p=0.09 95% CI,
—0.03 to 0.44) and 6months (p=0.53 95% CI,
—0.46 t0 0.89).

Heterogeneity was noted to be 53%, 80% and
42% for the analysis at 1, 3 and 6 months indicat-
ing moderate, high, and moderate heterogeneity,
respectively. On sensitivity analysis at 1 month,
removing the study by Abdelshafy Tabl er al
resulted in heterogeneity reducing to 6% (low),
with a statistically significant increase in IOP still
being noted (»p<<0.00001 95% CI, 0.77-0.92;
Figure 5). Sensitivity analysis at 3 months showed
that removing the study by Ateeq ez al. resulted in
heterogeneity reducing to 0% (low) and no sig-
nificant IOP increase was seen (p=0.89 95% CI,
—0.11 to 0.10; Figure 6). Moreover, sensitivity
analysis at 6 months showed that removing the
study by Henry er al. resulted in heterogeneity
decreasing to 0% (low), and no significant
increase in IOP was seen (p=0.54 95% CI, —0.07
to 0.12; Figure 7).

Favours Baseline Favours CLS-TA

Discussion

The purpose of this meta-analysis was to deter-
mine the effect of suprachoroidal triamcinolone
injections on the IOP at 1, 3 and 6 months to
evaluate its safety. We discovered a significant
rise in IOP at 1 month but no significant rise in
IOP at 3 and 6 months as compared to baseline.
This indicates that suprachoroidal triamcinolone
does not have long-term detrimental effects on
IOP but there is a short-term IOP rise. There was
low heterogeneity at 1, 3 and 6 months after sen-
sitivity analysis, which is indicative of minimal
variability in the data included in our study and
the reliability of our results.

Our findings were consistent with the study con-
ducted by Nawar, who also observed a significant
rise in IOP with the use of suprachoroidal triam-
cinolone after 1 month but no significant rise at 3,
6, 9 and 12months after injection.® Most other
studies included in this meta-analysis all noted a
rise in IOP 1 and 3 months after injecting supra-
choroidal triamcinolone but interestingly, this
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rise was not statistically significant and was asso-
ciated with a p-value >0.05.9-10:22-26 The excep-
tions to this were the studies by Abdelshafy Tabl
et al. and Ateeq et al. Abdelshafy Tabl er al.’s
study was the only study conducted solely in
patients with refractory diabetic macular oedema
due to epiretinal membrane, and they found a
decrease in IOP 1 month after injection.!® Ateeq
et al. on the other hand noted a statistically sig-
nificant rise in IOP at 1 month as well as 3 months
post-injection.?® However, there was consensus
regarding there being no statistically significant
rise in IOP at 6 months post-injection. A 2016
meta-analysis conducted to determine the asso-
ciation between intravitreal triamcinolone and
IOP rises noted that there was a significant rise in
IOP 1 month and 3 months post-injection.!? The
incidence of IOP rises greater than 10 mmHg and
cataracts have been reported to be as high as 22%
and 81%, respectively, after the administration of
intravitreal triamcinolone.?7:28 Steroid-induced
glaucoma has also been reported after the use of
intravitreal triamcinolone.?° This would indicate
that the suprachoroidal route is safer than the
intravitreal route for triamcinolone administra-
tion with regard to the long-term effects on IOP.

An IOP range from 10 to 21 mmHg has long been
accepted as a standard due to a low likelihood of
this pressure range causing glaucomatous damage
in a majority of patients.3? Therefore, it is impor-
tant to evaluate the probability of suprachoroidal
triamcinolone elevating the IOP above 20 or
causing large rises in IOP. The studies included
in this meta-analysis have reported 13 patients
with notable IOP rises, of which 12 resolved upon
the use of topical IOP-lowering medications and
1 resolved spontaneously. Henry ez al. reported
that 6 patients had an IOP rise >10mmHg and 2
out of 38 patients (5%) had an IOP >30mmHg.
Four of these patients were treated with one IOP-
lowering medication and three were treated with
two IOP-lowering medications. Zakaria er al.
reported that two patients had an IOP rise
>10mmHg, which resolved with the use of topi-
cal anti-glaucoma drops. Tayyab ez al. reported
one occasion where IOP rose from 19 to 24 mmHg
at 1 month but this was controlled on medications
and returned to 16 mmHg at 3months. Ali er al
reported three patients using IOP lowering medi-
cations and 1 out of 16 (6%) participants experi-
enced increased IOP to 20 mmHg that reduced to
18 mmHg in the second month. Yeh ez al. reported
that one patient experienced an IOP elevation to
36 mmHg within 30min after the injection but

this returned to normal levels with no treatment.
No surgical intervention was required to control
the IOP elevation in any of these patients.

The effect of steroids on IOP has been well docu-
mented and many ideas have been put forward to
explain this phenomenon.? The rise in IOP can be
severe enough to cause a form of open-angle glau-
coma due to a reduction in aqueous outflow. It
has been postulated that corticosteroids may
cause changes to the trabecular meshwork by ele-
vating extracellular matrix protein expression,
increasing the resistance to flow. It has also been
theorized that steroid use results in the stabiliza-
tion of lysosomal membranes and inhibition of
phagocytosis of aqueous debris by endothelial
cells of the trabecular meshwork, resulting in
debris build-up.3! Suprachoroidal injections of
triamcinolone, however, have been associated
with decreased penetrance into the anterior
chamber.5-24 Studies have shown that after supra-
choroidal injections, the posterior retina is
exposed to 523,910 times more steroids than the
aqueous.3?2 A statistically significant association
has also been noted between higher volume of
steroid and greater IOP elevation.3? Therefore,
less volume of triamcinolone in the anterior
chamber would result in a smaller rise in IOP,
which is the case in suprachoroidal injections due
to the non-even and majorly posterior distribu-
tion.33:34 This could explain why the IOP returns
to baseline faster than other methods of corticos-
teroid administration. The reduced bioavailabil-
ity in the anterior chamber may result in faster
drug clearance, which could cause quicker nor-
malization of IOP as compared to other delivery
mechanisms that have greater anterior chamber
bioavailability. There is a need for more research
on this topic to explain the exact mechanism for
the rise in IOP that has been observed up to
1 month post-suprachoroidal triamcinolone.

There are multiple clinical implications of this
systematic review and meta-analysis. The statisti-
cally significant rise in IOP 1month after the
administration of suprachoroidal triamcinolone
indicates that stringent IOP monitoring is
required during the first month post-operatively
to avoid any IOP-related complications.
Additionally, IOP-lowering medications could be
considered prophylactically to prevent glaucoma-
tous damage or other complications associated
with increased IOP for the first month after the
triamcinolone injection. The absence of a signifi-
cant rise in IOP at 3 and 6 months indicates a
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decreased need for regular follow-up appoint-
ments after 3months to monitor IOP and high-
lights that suprachoroidal triamcinolone does not
have a long-term detrimental impact on IOP.
There is a need for larger studies as well as rand-
omized control trials on suprachoroidal triamci-
nolone use to strengthen our conclusions, as well
as better reporting of IOP means and standard
deviations to facilitate reviews, such as this one,
that aim to statistically evaluate the safety of using
suprachoroidal triamcinolone. There is a need for
more literature analysing the prevalence of other
corticosteroid-related adverse effects after supra-
choroidal triamcinolone administration.

There are a few limitations of this study which
must be acknowledged. Unfortunately, some
landmark trials such as PEACHTREE,
MAGNOLIA, HULK and TANZANITE could
not be included in this systematic review and
meta-analysis due to the unavailability of mean
and/or standard deviation values for IOP.7-26,27:35
However, despite this drawback, our analysis still
contains 12 studies with data on 337 patients and
low heterogeneity after sensitivity analysis. Eight
out of 12 studies included in this meta-analysis
were non-randomized, depicting a lack of rand-
omized studies on suprachoroidal triamcinolone
with available IOP mean and standard deviation
values in the available literature. Additionally,
due to the unavailability of raw data for each
included study, we were unable to calculate the
cumulative percentage of patients with IOP ele-
vated over 25 and 30mmHg at 1month post-
injection. This could have helped understand the
incidence of significant IOP elevations and pro-
vided more knowledge regarding the safety profile
of suprachoroidal triamcinolone administration.
Publication bias may also be present as only pub-
lished literature was considered for this study.
Restricting ourselves to Medline, Scopus and
Cochrane databases to ensure high-quality stand-
ards for the included studies may have excluded
other potential studies in unpublished and grey
literature, the inclusion of which could potentially
have altered our findings.

Conclusion

Suprachoroidal triamcinolone has proven efficacy in
treating macular oedema but its association with
elevated IOP at 1 month must be considered and
adequate safety measures must be taken. The
absence of a significant rise in IOP at 3 and 6 months

post-injection indicates that suprachoroidal triamci-
nolone is safer than other modes of ocular corticos-
teroid delivery, such as intravitreal injections, with
respect to long-term IOP elevation. Further studies
are required to determine the prevalence of other
corticosteroid-associated ocular adverse effects in
patients who have been administered suprachoroi-
dal triamcinolone.
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