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Abstract

Purpose: To investigate the efficacy of posterior subtenon triamcinolone (PSTA) injection for diabetic macular edema (DME)
in eyes with full panretinal photocoagulation (PRP).

Methods: Study included 44 eyes of 37 patients with center involving DME with full PRP. Best corrected visual acuity (BCVA),
central retinal thickness (CRT) on spectral domain OCT were measured at 1, 3 and 6 months.

Results: Mean follow-up was 15,1 months. Significant improvement in visual acuity from 0.86+0.36 to 0.73+0.31 LogMAR
(-0.13) was observed 1 month after the PSTA injection (p<0.001). Vision improved in 29 (65.9%), not changed in 13 (29.6%)
and decreased in 2 eyes (4.5%) at month 1. Statistically significant CRT decrease from 509.1£177 um to 337.8+143um was
observed at month 1 (p=0.000). A minor reincrease in CRT was observed at month 3. However, there was still a statistically
significant improvement in BCVA and CRT at month 3 compare to baseline (p=0.000). Mean letter gain was 9.8 (5-30) at
month 3. Reinjection was performed when edema recurred. Reinjection interval was 4.6+1.2 months. Mean reinjection
number was 2.8+1.8. Only one eye did not respond response to treatment. Intraocular pressure elevated in 15.9% of the
eyes. No serious complications were observed.

Conclusion: Posterior subtenon triamcinolone is a safe and effective treatment method for center involving DME in eyes

with full PRP.
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Diabetic macular edema (DME) is still a leading
cause of blindness worldwide.['l Microangiopathy,
neuroretinopathy, and chronic low-grade inflammation
play a role in its pathogenesis.l'2] Vascular endothelial
growth factor (VEGF) release from ocular tissues causes
vascular endothelial proliferation and retinal capillary
obliteration. Inflammation and VEGF release cause retinal
vasodilatation, vessel tortuosity, and permeability increase

through breakdown of blood-retina barrier and eventual
fluid accumulation in retinal layers.34 Today, intravitreal
anti-VEGF injections are considered as the first-line
treatmentin DME. Intravitreal steroid implants are generally
used as second line of therapy or adjuvant therapy.l!
They are preferred as initial therapy in certain indications.
However, they carry the inherent risk of endophthalmitis,
and high cost is another concern. Corticosteroids reduce
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VEGF expression, decreasing leukocyte recruitment and
production of inflammatory cytokines.'l They restore
blood-retina barrier and decrease vasodilatation.!!

Triamcinolone acetonide (TA) is a minimally soluble
repository steroid that can slowly release its content.
Edelman et al.3] showed that a single intravitreal TA
completely blocked VEGF-induced retinal leakage and
inner retinal edema for 45 days in the rabbit model.
Thomas reported TA concentrations at therapeutic level
in the vitreous after 1-29 days after posterior subtenon
TA injection (PSTA) comparable to intravitreal injection.
[l Clinical studies have shown PSTA has comparable
effectiveness to intravitreal triamcinolone acetonide (IVTA)
in diffuse DME with a lower risk of intraocular pressure (IOP)
elevation.”8] In addition, its simultaneous use increases
the effectiveness of anti-VEGF.>! In proliferative diabetic
retinopathy; panretinal laser treatment is generally
completed in three sessions. Ischemic retinal areas are
destroyed, and VEGF release from these areas is significantly
reduced.['% Despite low VEGF levels, DME can persist in
these eyes due to ongoing low-grade inflammation and
disruption of the blood-retina barrier. PSTA targets that
inflammation and leakage. This study was conducted to
investigate the effect of PSTA treatment on DME in eyes
with full panretinal photocoagulation (PRP).

Materials and Methods

This interventional clinical study included 44 eyes of 37
patients, with complete PRP and center-involved DME, who
had PSTA injection. Seven patients had PSTA injection in
both eyes. The study was carried out between March 2022
and February 2023 in our Retina facility at the University
Hospital, Ophthalmology Department.

The study was conducted under the tenets of the Helsinki
Declaration. The ethical approval was obtained from the
institutional Ethical Board (Date: April, 04th 2022. Reference
Number: 2022/63). Informed consent was obtained from all
participants included in the study.

All the eyes had at least 1,500-2,000 shots with a 532 nm
argon laser. Inclusion criteria were as follows; eyes with
center-involved, diffuse DME with central retinal thickness
(CRT) =250 um, minimum follow-up of 6 months after
injection, regressed proliferative diabetic retinopathy with
no signs of neovascularization, PRP completed at least 6
months before the study entrance, no previous treatment
for DME within 3 months; including focal laser treatment,
intravitreal steroid or anti-VEGF injection. Exclusion criteria
were; patients under 18 years of age, visual acuity of
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counting fingers <1 m, any media opacity, recent ocular
surgery, eyes with significant optic atrophy, exudate plug in
fovea with atrophy, severe disorganisation of outer retinal
layers, macular scar, epiretinal membrane or vitreomacular
traction, uveitis, uncontrolled glaucoma, and patients lost
tofollow-up. In eyes with significant cataract, PSTA injection
was not performed. However, injection was performed in
eyes with few cortical opacities away from the optical axis.
Best-corrected visual acuity (BCVA) was measured by a
resident with a geometric chart at 4 m at study entry and
each control after the injection. Values were converted into
logarithm of the minimum angle of resolution (LogMAR)
for statistical analysis. IOP measurements were measured
with a Goldmann applanation tonometer. Dilated
biomicroscopic fundus examination was performed with a
90D lens. CRT was measured with spectral domain-optical
coherence tomography (SD-OCT), Heidelberg Engineering,
Heidelberg, Germany). Eyes with macular ischemia or
any leakage from neovascularization on fluorescein
angiography were excluded from the study. The main
outcome measures were visual improvement and CRT.

PSTA injections were performed in the minor procedure
room, under topical proparacaine anesthesia. Conjunctiva
and Tenon capsule were incised in the superotemporal
quadrant 6-8 mm posterior to the limbus. A 23-gauge
curved blunt subtenon cannula was introduced and
40 mg/mL TA (Kenacort-A, 40 mg/mL; Bristol-Myers
Squibb, Princeton, NJ) was injected avoiding drug reflux.
Postoperative visits were performed at 1, 3, and 6 months.
BCVA, IOP and CRT measurements were repeated on
each visit. If there is an increase of more than 5 mmHg in
IOP compared to baseline or IOP > 21.0 mmHg; a topical
antiglauocomatous was started. If DME recurs, reinjection
was performed. Reinjection criteria were a vision loss =5
letters and an increase of 50-100 pm in CRT. The main
outcome measures were BCVA and CRT changes at month
1and 3.

Statistical Analysis

Statistical analysis was performed with the statistical
program Statistical Packages for the Social Sciences
21.0 (SPSS Inc., Chicago, IL). The data obtained by taking
the average of all measurements were recorded as
meanzstandard deviation. One-way analysis of variance
was used for multiple comparisons, and paired t-test was
used for pairwise comparisons. Relationships between
dependent variables were analyzed by Pearson correlation
analysis. A value of p<0.05 was considered statistically
significant.
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Fig. 1. Best corrected visual acuity improvement, following posterior
subtenon triamcinolone injection, from baseline to 15t and 3
months.

Results

Twenty patients, 20/37 (54%), were male and 17/37 (46%)
were female. Mean age was 62.4+6.8 (50-81). All the
patients had type Il diabetes. Mean HbA1c was 8.3+1.9
(5.8-12.3) mg/dL. Twenty-four 24/37 (64.9%) of the
patients had hypertension. Thirteen (29.5%) of the eyes
were pseudophakic. Mean follow-up was 15.1+14.6 (6-53)
months. The mean reinjection interval was 4.6+1.2 months.
Mean reinjection number per eye was 2.8+1.8 in all study
period. Mean BCVA was 0.86+£0.36 LogMAR (counting
fingers at 1 m and 45 letters) at baseline.

A statistically significant improvement in BCVA from
0.86+0.36 to 0.73+0.31 (-0.13) was observed 1 month after
PSTA injection (p=0.000) (Fig. 1). BCVA improved further
to 0.68+0.24 (—0.18) LogMAR at month 3. When the 3rd

at month 1. BCVA improvement at 1 month was 5 letters in
15/44 eyes (34.1%), 10 letters in 8/44 eyes (18.2%), 15, 20,
and 25 letters in 1 eye (2.3%) each. Mean letter gain was 8.3
(5-25) letters at month 1.

In patients who responded well after injection treatment,
serous macular detachment regressed, tense Muller
cell bridges and cystic spaces disappeared. There was a
decrease in the number of hyperreflective spots. A more
significant increase in vision was achieved in cases with
regular outer retina layers and regular ellipsoid zone.

When the 34 month values were compared with month 1;
BCVA showed a statistically significant increase (p=0.027)
and CRT showed a significant decrease (p=0.021) (Fig. 2).
Thirteen eyes did not gain vision at month 1. However, 4
of them gained vision (late responders) at month 3. Seven
eyes remained the same, and 2 eyes lost 5 letters at month
3. Overall; when compared with baseline, BCVA improved
in 29 eyes (65.9%), remained the same in 13 (29.6%), and
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month values were compared with baseline, there was a  Fig.2. Resolution of diabetic macular edema 3 months after posterior
statistically significant improvement in BCVA (p=0.000), subtenon triamcinolone injection in a 67-year-old female dia-
decrease in CRT (p=0.000), and increase in IOP (p=0.000) betic maFuIar edema patient .Wlth corr)plt?te panretinal photo-
A . 0 coagulation. Best corrected visual acuity increased from 5 let-

(Table 1). Of the 44 €yes, vision improved in 29/44 (65.9%), ters to 20 letters, and central retinal thickness decreased from
not changed in 13/44 (29.6%), and decreased in 2/44 (4.5%) 828 um to 173 um at month 3.

Table 1. Study results

Baseline Month 1 Month 3 p* p**

BCVA (LogMAR) 0.86+0.36 0.73+0.31 0.68+0.24 0.000 0.000

Letter gain 8.3 (5-25) 9.8 (5-30)

CRT (um) 509.1£177 337.8+£143 366.9+145 0.000 0.000

IOP (mmHg) 14.5+3.8 18.6+5.6 17.6£3.3 0.000 0.000

P*: Month 1 x baseline; P**: Month 3 x baseline; CRT: Central retinal thickness; |IOP: intraocular pressure; BCVA: Best-corrected visual acuity; LogMAR: Loga-

rithm of the minimum angle of resolution.
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decreased in 2 (4.5%) eyes at month 3. Mean letter gain was
9.8 (5-30) letters at month 3.

There was no change in vision at 1 and 3 months after
injection in 11 eyes. These eyes were analyzed further.
Interestingly, all of these eyes had a decrease in CRT
compared to baseline, except one real “unresponder” That
means anatomical success was 98% but functional success
was 75%. An improvement in vision over time can be
expected in these eyes. In those 11 eyes, the mean baseline
CRT was 534.6 um (283-1062), and it decreased to mean
333.6 um (212-510) at 3 months.

A statistically significant decrease in mean CRT was
observed 1 month after PSTAinjection. Mean CRT decreased
from 509.1£177 um to 337.8+143 um at month 1 (p=0.000).
CRT decreased in 40 eyes (90.9%) and increased in 4 eyes
(9.1%) at 1 month. The increase was 5 pm, 6 um, and 10
pm in three eyes and 48 pm in 1 eye. A minor reincrease
was observed at month 3 and mean CRT rose to 366.9+145
MM (+29.1 um). However, mean change was still —=142.2 pym
compared to baseline (Fig. 3).

Complete resolution of DME, with a CRT <250 um, was
achieved in 19 eyes (43.2%) at month 1 and 15 eyes (34.1%)
at month 3. The majority of the patients responded to
therapy. CRT decreased in 41 (93.2%) eyes, increased in 3
eyes (6.8%) at month 3 compared to baseline. Two of these
3 eyes had shown an initial CRT decrease at month 1, but

Fig. 3.

Changes in central macular thickness from baseline through the
15t and 39 months after posterior subtenon triamcinolone ace-
tonide injection injection.
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exceeded preinjection level at month 3. Thus, only 1 eye
of 44 eyes (2.3%) never responded to therapy at any visit
(unresponder).

Safety: IOP showed a statistically significant increase 1
month after the injection (p=0.000). Seven eyes 7/44
(15.9%) showed an IOP over 21 mmHg or an increase of
more than 5 mmHg. Mean IOP increased from 14.5t£3.8
mmHg to 18.6+5.6 mmHg at 1 month. It showed a gradual
decrease to 17.6+£3.3 mmHg at month 3, that change
was not statistically significant (p=0.152). IOP increase
occurred at month 1 in four of 7 eyes and at month 3 in
three eyes. IOP was controlled successfully in all 7 eyes
with temporary topical antiglaucomatous medication. No
injection-related complications occurred, such as infection
or globe perforation. Cataract surgery was performed in 5
eyes (11.4%) all through the follow-up.

Discussion

Our study results showed that PSTA is effective in the
treatment of DME in eyes with full PRP. It provided visual
improvement in 2/3 of the eyes. Anatomical success
was much higher, exceeding 90%. However, no visual
improvement was achieved in Y of the eyes despite a
significant decrease in CRT. Similarly, Luis et al..''l reported
no statistically significant visual improvement despite
mean —117 um decrease in CRT with neither intravitreal
dexamethasone nor TA in refractory DME. Authors stressed
that the disorganization of retinal inner layers in 62.5%
of the eyes was the main reason for that. Concurrent
cataract progression may also limit the visual improvement
after steroid injection. PRP can cause optic atrophy and
macula ganglion cell loss, limiting vision. Furthermore,
the proliferative phase is the last phase of the diabetic
retinopathy and usually associated with a long-standing
DME. Chronic edema can cause permanent damage to
photoreceptors and Miiller cells. Eventual foveal atrophy
also leads to visual impairment despite a “thin” CRT.
Browning et all'l reported that the outer retinal layer
thickness correlated better with visual acuity than CRT.

In our study, a significant improvement in vision was
achieved, mean change was —0.13 LogMAR at month 1 and
—0.18 LogMAR at month 3. These numbers were reported
in a review study as —0.14 and —0.07 LogMAR, respectively,
for IVTA.'2V In our study, BCVA improvement >5 letters was
achieved in 59.2%. That rate is higher than the reported rate
of 56% with IVTA.['3] Mean letter gain at month 3 was 9.8
letters in our study, whereas only 5.7 letters with IVTA.['3] In
ouropinion, patient selectionis the key factor for that success.
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Only patients with full PRP were included in our study. In
these eyes, VEGF secretion is diminished since ischemic areas
are destroyed by photocoagulation. Our results suggest
that DME in these eyes is caused by interleukin and similar
inflammatory mediators rather than VEGF. That renders the
effect of PSTA more prominent in eyes with panretinal laser.
PSTA is also known to be effective in inflammatory macular
edema such as uveitis and pseudophakic cystoid macular
edema.l'#15] Koga et al.l’® reported the mean laser flare,
which is an indicator of intraocular inflammation, decreased
from baseline value of 15.5 photon/ms to 9.6 at 1 month
after PSTA. This result shows the anti-inflammatory effect of
PSTA.They also reported re-elevated laser flare values before
recurrences of DME.

PSTA has been successfully used in refractory DME.['7]
In Koga's study,['® inferotemporal PSTA was performed
on 20 eyes for refractory DME in vitrectomized eyes, and
significant decrease in CRT (=174 um) was achieved at 1
week. That decrease in edema is quite similar to our 1st
month result of —171.3 um. In Koga's study,!'®! DME resolved
in 65%, improved in 20%, and unchanged in 15%. Higher
success may be due to a previous vitrectomy. In our study,
these percentages were 43%, 48% and 9% respectively at
1 month. Ozdek et al.[8l compared 20 mg PSTA with 4 mg
IVTA for DME refractory to grid laser. Mean CRT decreased
—101 pm in PSTA and —206.1 um in IVTA at 4 months. This
reduction provided by the subtenon route is lower than our
result of —171,3 um. It may be due to their use of half dose.
Although better edema resolution was achieved with IVTA,
they reported PSTA was also effective and safer. In other
studies, PSTA was found as effective as IVTA in diffuse DME
with less complications.”:18] Furthermore, PSTA has been
found equally effective as intravitreal dexamethasone
implant in vitrectomized eyes with DME.[9]

However, the effect of PSTA declines after 3 months, and
reinjection becomes necessary.[816! Treatment benefit is

no longer significant after 6 months.['21 DME recurrence
was reported in 7.1% after a single PSTA.I8] In our study,
a mild recurrence of edema was observed, manifested by
a 29.1 ym increase in CRT at 3 months. Overall, 45.5% of
our study eyes received at least one reinjection, within
4-25 months after the first injection. The mean reinjection
interval was 4.6 months that is comparable with intravitreal
steroid implants.[29) Koga et al.l'® reported half of the eyes
needed a second injection at a mean 6.6 months after PSTA.

In parallel with previous reports!1621 no serious
complications occurred in our patients due to PSTA
injection, such as endophthalmitis or scleral perforation.
IOP elevation was observed in 15.9% and controlled
medically. Maeda et al.2Z) reported that rate 14.7% after
PSTA. IOP increase rate was reported as 24.3% after IVTA.
[8] Multiple injections during long follow-up spanning 15,
1 months might have caused cumulative IOP rise in our
study. Anterior migration of TA can also increase I0P.[23]
Disruption of the host defense makes the eye more prone
to infection after IVTA. Pseudomonas endophthalmitis
was reported 2.4%.[8] Cataract progression is another
drawback. Cataract surgery was performed on 11.4% of the
eyes in our study. Development of cataract may be due to
either PSTA or natural course in an old and diabetic patient
cohort during long follow-up. There are some limitations
of the current study; like the lack of placebo or anti-VEGF
control groups and detailed analysis of OCT biomarkers. It
has been reported that, presence of hyperreflective foci in
the outer retina and disorganisation of the photoreceptor
layer are associated with low visual acuity.[24] DME with
high inflammatory OCT biomarkers like hyperreflective foci
or subretinal fluid may respond better to intravitreal steroid
implant.[25:26] |n addition, intravitreal steroid implants may
be useful in cases resistant to anti-VEGFs.[27]

For easier comparison, the results of PSTA in several types
of DME in different studies are shown in Table 2.

Table 2. Comparison of different studies reporting outcomes of subtenon triamcinolone injection in various clinical settings

Study DME status TA injection route Dose Visual Decreasein  Follow-up
improvement CRT (pm) (months)
Yuksel (2025) 44 eyes Full panretinal Posterior subtenon 40 mg 9.8 letters 201 15.1
photocoagu-lation (at 3 months)
Koga et al. (2005) 20 eyes Pars plana vitrectomy Posterior subtenon 40mg  >2linesin %45 174 133
Ozdek et al. (2006) 85 eyes Refractory to grid Posterior subtenon 20 mg 0.03 decimal 101 4.1
laser versus intravitreal Snellen score
Jeon et al. (2024) 40 eyes Bevacizumab-resistant ~ Posterior subtenon 0.06 LogMAR 63.75 3.0

versus intravitreal

DME: Diabetic macular edema; TA: Triamcinolone acetonide; CRT: Central retinal thickness; LogMAR: logarithm of the minimum angle of resolution.
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Conclusion

Although there are few studies akin to the current
study,l1828.29] jt is the first research reporting the
promising results of PSTA for the treatment of DME in
eyes with full PRP. It provides fast resolution of the edema
confirmed by improvement in OCT findings. As a result,
PSTA may be considered as a reasonable alternative in the
treatment of DME in eyes with complete PRP, since it is
a highly effective and also safe extraocular intervention
with few side effects.
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