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Abstract
Design: This was a comparative, prospective, randomized study.

Setting: Department of Ophthalmology, Government Medical College, Patiala, Punjab.

Purpose: To evaluate the impact of posterior subtenon triamcinolone acetonide (STTA) injections on visual and anatomical outcomes 
at end of cataract surgery in diabetic patients.

Methods: This prospective, comparative, interventional study involved 200 eyes from 100 diabetic patients undergoing bilateral 
cataract surgery. Patients were divided into two groups: Group A (100 eyes) received STTA at the end of surgery, and Group B (100 
eyes) did not. Pre-operative and post-operative assessments included best-corrected visual acuity (BCVA), uncorrected visual acuity 
(UCVA), central macular thickness (CMT), intraocular pressure (IOP), and complications. Data were collected at multiple time points: 
baseline, post-operative day (POD) 1, 7, 28, 90, and 180.

Results: Both groups showed similar improvements in UCVA and BCVA post-surgery with no significant differences between groups. 
CMT measurements were significantly lower in Group A at POD 28, 90, and 180, indicating reduced postoperative macular edema. 
IOP remained stable and comparable between groups across all follow-up visits. Complication rates were similar, with no statistically 
significant differences noted between the two groups.

Conclusion: Intraoperative Posterior subtenon triamcinolone acetonide injection at conclusion of cataract surgery in diabetic 
patients effectively reduce postoperative macular edema without compromising visual outcomes or increasing complication rates. 
These findings support the use of STTA as a safe and effective adjunctive therapy in managing diabetic patients undergoing cataract 
surgery. Further studies with longer follow-up periods are warranted to validate these results conclusively.
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Introduction 

Diabetes mellitus has emerged as a significant global health 
concern, with the World Health Organization (WHO) reporting a 
marked increase in cases due to lifestyle changes and economic 
factors [1]. Key contributors include population growth, aging, ur-
banization, high-fat diets, sedentary lifestyles, and obesity [2].

Diabetic retinopathy (DR) progresses from mild non-prolifera-
tive abnormalities, characterized by increased vascular permeabil-
ity, to moderate and severe non-proliferative diabetic retinopathy 
(NPDR), marked by blood vessel closure. It culminates in prolifera-
tive diabetic retinopathy (PDR), where new blood vessels form on 
the retina and vitreous. In type 1 diabetes, vision-threatening reti-
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nopathy is rare in the first few years or before puberty, but nearly 
all patients develop it within two decades. In type 2 diabetes, up to 
21% of patients have retinopathy at diagnosis, with most develop-
ing it over time. Vision loss in DR can occur due to macular edema 
or capillary closure impairing central vision, and PDR causing reti-
nal distortion, detachment, and hemorrhage. New blood vessels 
associated with PDR can rupture, causing further vision impair-
ment [3].

Diabetic maculopathy, particularly diabetic macular edema 
(DME), is the leading cause of vision loss in individuals with di-
abetes mellitus (DM) [4]. DME formation is primarily due to the 
breakdown of the inner blood-retina barrier. Diabetes alters the 
distribution of occludin within retinal vascular endothelium, con-
tributing to barrier dysfunction. Müller cells proliferate, increas-
ing microvessel permeability, while astrocytes reduce their pro-
duction of glial fibrillary acidic protein, potentially affecting the 
blood-retina barrier’s integrity. Prolonged high blood sugar levels 
decrease oxygen perfusion to the inner retina, triggering autoreg-
ulation that dilates arterioles and increases capillary and venule 
hydrostatic pressure, leading to long-term damage. This increased 
pressure causes fluid leakage into the extravascular compartment, 
which re-enters the retinal vessels through the pigment epithelial 
cells’ pumping action [5].

Understanding the pathophysiology of diabetic macular edema 
(DME) informs its treatment. Grid laser treatment improves inner 
retina oxygenation by reducing photoreceptor oxygen consump-
tion and shortening diffusion distance for choroidal oxygen. Focal 
photocoagulation targets leakage sources like microaneurysms 
and may enhance retinal pigment epithelium (RPE) function. Anti-
VEGF medications block the permeability-inducing effects of vas-
cular endothelial growth factor (VEGF), while corticosteroids re-
duce VEGF gene expression and various VEGF receptors, modulate 
inflammatory responses, and decrease microvascular permeabil-
ity. Vitrectomy increases intravitreal oxygen levels, lowers VEGF 
production, and releases trapped cytokines, alleviating macular 
traction [6,7].

Corticosteroids, first used medically in the 1940s, have broad 
anti-inflammatory effects and restore the structural integrity of 
tight junctions, reducing paracellular permeability. They inhibit 
cytokines and chemokines, and modulate adenosine signaling, 

decreasing blood-retinal barrier permeability [8]. Studies show 
corticosteroids reduce multiple cytokines and chemokines in the 
aqueous humor, unlike anti-VEGF treatments that mainly reduce 
VEGF levels [9]. For eyes unresponsive to VEGF inhibitors, corti-
costeroids are an alternative, with Triamcinolone Acetonide (TA), 
dexamethasone (DEX) intravitreal implant, and fluocinolone ace-
tonide (FA) intravitreal implant being extensively investigated for 
DME management.

Cataract surgery (CS) can exacerbate DME due to perioperative 
inflammatory responses breaking down the blood-retinal barrier 
[10]. While anti-VEGF agents are standard for DME treatment, they 
are less effective post-CS due to the involvement of other cytokines 
[11]. Corticosteroids are favored for reducing macular edema post-
CS. Triamcinolone Acetonide (TA) is commonly used with CS due to 
its affordability and ease of administration, either intravitreally or 
as a posterior sub-tenon injection [12].

The effectiveness of different corticosteroid administration 
methods remains debated. Sub-tenon injections may have reduced 
drug penetration and shorter action duration compared to intra-
vitreal injections [13]. However, intravitreal injections pose higher 
risks of increased intraocular pressure (IOP) and endophthalmi-
tis [14]. Sub-tenon injections are easier to administer and safer, 
though less popular due to potential drug deposition away from the 
target area [15]. This study aims to quantitatively and qualitatively 
analyze macular changes in diabetic subjects administered with 
sub-tenon Triamcinolone Acetonide (STTA) compared to those not 
given the injection, using data obtained from optical coherence to-
mography (OCT).

Materials and Methods
This study aimed to evaluate the effect of triamcinolone acetate 

injection in the posterior sub-tenon space on macular edema and 
visual outcomes after cataract surgery in diabetic patients. It was 
a prospective, comparative, interventional study involving 200 
eyes from 100 diabetic patients with bilateral cataracts undergo-
ing phacoemulsification surgery at Government Medical College, 
Patiala. Patients were divided into two groups: Group A (100 eyes) 
received a single-dose posterior sub-tenon triamcinolone acetate 
(STTA) at the end of the surgery, and Group B (100 eyes) did not.
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Inclusion criteria included patients aged 36-84 years, diagnosed 
with type 2 diabetes, managed with oral hypoglycemic agents or 
insulin, with controlled blood sugar levels, and undergoing uncom-
plicated phacoemulsification surgery. Exclusion criteria included 
patients with dense white cataracts, ocular conditions interfering 
with the study, active eye infections, recent vitreous surgery, previ-
ous use of corticosteroids, recent laser photocoagulation, recent 
changes in insulin treatment, anemia, pregnancy, or other chronic 
systemic illnesses.

Detailed histories, including age, gender, chief complaints, ocu-
lar history, systemic diseases, diabetes, smoking, and hypertension, 
were taken. Pre-operative workup included adiposity markers, 
tests for HIV/HBV/HCV status, ECG, hemoglobin, HbA1c, random 
blood sugar (RBS), lipid profile, urine microalbumin, and blood 
pressure measurement. Ocular examinations recorded corrected 
and uncorrected visual acuity using the Snellen chart, near vision, 
and intraocular pressure (IOP) using non-contact tonometry. Slit 
lamp biomicroscopic examination assessed the severity and type 
of cataract, and optic disc examination checked for diabetic reti-
nopathy and other disorders. Biometry included keratometry val-
ues and axial length measurement. IOL power was calculated using 
the SRK-T formula, and the spherical equivalent was determined.

Optical coherence tomography (OCT) was performed after pu-
pillary dilation, and macular thickness was measured using the 
retinal thickness map analysis protocol with an ETDRS grid. The 
central macular thickness (CMT) was defined as the mean thick-
ness in the nine sections of the ETDRS grid and was used for com-
parisons.

The intervention involved injecting a single dose of triamcino-
lone acetate (40 mg in 1 ml) in the posterior sub-tenon space in 
Group A patients following phacoemulsification and IOL implanta-
tion, followed by a sub-conjunctival injection of gentamicin. Group 
B patients did not receive STTA when their second eye was oper-
ated on. The effects of STTA were analyzed by comparing best-
corrected visual acuity (BCVA), IOP, and CMT pre-operatively and 
post-operatively on days 1, 7, 28, 90, and 180 between the two 
groups.

Statistical analysis was performed using SPSS software, and all 
results were recorded in a Microsoft Excel sheet.

Results
The present study was conducted for assessing the effect of tri-

amcinolone acetonide injection in the posterior sub-tenon space on 
the outcomes of cataract surgery in diabetics. A total of 100 diabet-
ic patients with presence of bilateral cataract were enrolled. All the 
200 eyes were randomly divided into two study groups with 100 
eyes in each group; Group A: Patients who were given triamcino-
lone acetonide injection in posterior sub-tenon space, and Group 
B: Patients without triamcinolone acetonide injection in posterior 
sub-tenon space. 

Mean age of the patients was 65.17 years. 55 percent of the pa-
tients were of urban residence while the remaining were of rural 
residence. Among group A patients, mean RBS and HbA1c levels 
at the time of surgery was 155.97 mg/dL and 6.16% respectively 
while mean RBS and HbA1c levels at the time of surgery among 
patients of group B was 156.43 mg/dL and 6.16% respectively; 
while comparing the results statistically in between the two study 
groups, non-significant results were obtained.Mean duration of di-
abetes was 6.45 years.Mean urine microalbumin levels were found 
to be 9.18 mg/L.

Mean abdominal circumference and mean waist hip ratio was 
found to be 94.51cm and 0.811 respectively. 15% of the patients 
had a BMI in the range of 18.5-22.9 kg/m2, 34% of the patients had 
a BMI ranging from 23.0-24.9 kg/m2, 35% of the patients had a BMI 
between 25.0-29.9 kg/m2, and remaining 16% had a BMI falling in 
the range of 30.0-40.0 kg/m2. Deranged lipid profile was seen in 
65 percent of the patients. Graph 1 shows BMI distribution among 
patients.

Among group A patients, mean SBP and DBP at the time of sur-
gery was 134.62 mm of Hg and 84.21 mm of Hg respectively while 
among patients of group B; mean SBP and DBP at the time of sur-
gery was 132.23 mm of Hg and 82.31 mm of Hg respectively; on 
comparison statistically, non-significant results were obtained. 

Among patients of group A, right eye surgery was done in 48 
percent of the patients while left eye surgery was done in the re-
maining 52 percent of the patients while among patients of group 
B, right eye surgery was done in 52 percent of the patients while 
left eye surgery was done in the remaining 48 percent of the pa-
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Graph 1: BMI (kg/m2).

tients; on comparing statistically between the two study groups, 
non-significant results were obtained. 

Visual outcomes
Uncorrected visual acuity (UCVA)

At baseline, 90% of Group A and 92% of Group B had UCVA be-
tween 6/24 and 6/60, while 10% and 8%, respectively, had UCVA 

worse than 6/60. Postoperatively, improvements in UCVA were 
noted across all time points (POD 1, 7, 28, 90, and 180) in both 
groups, with a majority achieving 6/12 to 6/18 by POD 180. Sta-
tistical analysis showed no significant differences in UCVA between 
groups at any time interval. Graph 2 demonstrates UCVA distribu-
tion at all time intervals while Table 1 compares mean UCVA (log-
MAR) at different time instances between both groups.

Graph 2: UCVA distribution at all time intervals.
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Table 1: Mean UCVA (logMAR) values at all time intervals.

UCVA Value
Group A Group B

P value
Mean SD Mean SD

Baseline 0.971 0.33 0.968 0.33 0.91
POD 1 0.454 0.21 0.470 0.28 0.95
POD 7 0.322 0.25 0.352 0.26 0.82

POD 28 0.250 0.12 0.269 0.19 0.86
POD 90 0.245 0.15 0.266 0.18 0.89

POD 180 0.249 0.13 0.266 0.18 0.87

Best-corrected visual acuity (BCVA)
Similar to UCVA, BCVA improved postoperatively in both groups, 

with no significant differences between Group A and Group B at 
baseline or across subsequent follow-up periods (POD 1, 7, 28, 90, 
and 180). Graph 3 demonstrates UCVA distribution at all time in-
tervals while Table 2 compares mean UCVA (logMAR) at different 
time instances between both groups.

Near vision
Near vision outcomes were comparable between groups 

throughout the study period. At POD 7, 28, 90, and 180, all patients 
in both groups achieved near vision in the range of N8 to N6, in-
dicating consistent near vision improvement postoperatively with 
no significant intergroup differences. Near vision distribution is il-
lustrated in Graph 4.

Graph 3: BCVA distribution at different time intervals.
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Table 2: Comparison of mean BCVA values (logMAR) at different time intervals.

BCVA Value
Group A Group B P value

Mean SD Mean SD
Baseline 0.801 0.35 0.779 0.31 0.52

POD 1 0.330 0.28 0.357 0.27 0.66
POD 7 0.160 0.21 0.176 0.21 0.91

POD 28 0.034 0.11 0.042 0.14 0.83
POD 90 0.030 0.10 0.040 0.13 0.87

POD 180 0.035 0.11 0.040 0.13 0.89

Graph 4: Comparison of distribution of near vision values at different time intervals.

Refractive outcomes
Spherical equivalent refraction (SER) values showed no signifi-

cant differences between Group A and Group B at POD 1, 7, 28, 90, 
and 180, suggesting similar refractive outcomes postoperatively in 
both groups. Mean SER values are recorded in Table 3.

Macular thickness
Central macular thickness (CMT) measurements differed sig-

nificantly between groups at POD 28, 90, and 180. Group A con-
sistently showed lower CMT values compared to Group B at these 
time points (p < 0.05), indicating a potential benefit of triamcino-
lone acetonide in reducing postoperative macular edema in dia-
betic patients undergoing cataract surgery. Mean CMT values at 
different time instances are illustrated in Graph 5 and recorded in 
Table 4.

Intraocular pressure (IOP)
IOP measurements remained stable and comparable between 

Group A and Group B at baseline and across all follow-up visits 
(POD 1, 7, 28, 90, and 180), with no statistically significant differ-
ences observed. Table 5 shows IOP recording at all intervals of both 
the groups.

Complications:
The incidence of complications such as pigment dispersion, stri-

ate keratopathy, wound dehiscence, corneal edema, anterior cham-
ber reaction, retinal detachment, and vitreous hemorrhage was 
similar between Group A and Group B, with no statistically signifi-
cant differences noted. Table 6 shows occurrence of post-operative 
complications in group A and group B.
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Table 3: Comparison of mean spherical equivalent values at different time intervals.

Spherical 
equivalent

Group A Group B p-value
Mean SD Mean SD

POD 1 -1.105 0.360 -1.156 0.230 0.812
POD 7 -0.920 0.252 -0.968 0.330 0.993

POD 28 -0.897 0.196 -0.849 0.201 0.325
POD 90 -0.897 0.196 -0.849 0.201 0.325

POD 180 -0.897 0.196 -0.849 0.201 0.325

Graph 5: Comparison of CMT values at different time intervals.

Table 4: Comparison of cmt values at different time intervals.

CMT value
Group A Group B

p-value
Mean SD Mean SD

Baseline 255.09 5.36 255.06 5.34 0.96
POD 1 260.98 5.42 261.60 5.03 0.28
POD 7 257.24 5.36 258.73 5.06 0.21

POD 28 243.30 2.24 256.40 5.08 <0.0001*
POD 90 234.92 2.61 256.37 5.30 <0.0001*

POD 180 243.82 3.81 255.82 5.39 <0.0001*

*: Significant. 

Table 5: Comparison of IOP values at different time intervals.

IOP value
Group A Group B

p-value
Mean SD Mean SD

Baseline 15.56 1.00 15.60 1.10 0.78
POD 1 15.72 1.01 15.61 0.99 0.49
POD 7 15.89 0.99 15.85 1.13 0.29

POD 28 15.76 1.00 15.72 1.12 0.23
POD 90 15.72 0.96 15.68 1.12 0.31

POD 180 15.74 0.98 15.69 1.18 0.31
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Table 6: Complications.

Complications
Group A Group B

p-value
Number Percentage Number Percentage

Pigment dispersion 3 3 2 2 0.62
Striate keratopathy 4 4 3 3 0.77
Wound dehiscence 1 1 0 0 0.27

Corneal edema 14 14 12 12 0.51
Anterior chamber reaction 10 10 12 12 0.36

Retinal detachment 0 0 0 0 1
Vitreous hemorrhage 0 0 0 0 1

Discussion 
Diabetes mellitus (DM) is widely recognized as a leading sys-

temic condition associated with vision impairment, particularly 
due to its impact on the retina, leading to diabetic retinopathy 
(DR) and diabetic macular edema (DME). Among individuals aged 
20 to 65 years, DM stands as the primary cause of impaired visual 
function, underscoring the critical need for effective management 
strategies, especially in the context of surgical interventions like 
cataract surgery.

Diabetic macular edema (DME) remains a significant challenge 
in diabetic eye care, characterized by the accumulation of fluid in 
the macula due to increased vascular permeability. The pathophys-
iology involves a complex interplay of factors, including ischemic 
retinas releasing endogenous agents that compromise the blood-
retina barrier, such as prostaglandins that enhance vascular per-
meability. While focal DME often results from microaneurysm and 
capillary dilation leakage, diffuse DME manifests as widespread 
cystoid changes due to extensive intraretinal and subretinal fluid 
accumulation.

Traditionally, laser photocoagulation has been effective in 
treating focal DME by sealing off leaking microaneurysms. How-
ever, its efficacy in diffuse DME is limited, necessitating alternative 
therapeutic approaches. Corticosteroids, known for their potent 
anti-inflammatory properties, have emerged as a viable treatment 
option for DME. Triamcinolone acetonide, administered via poste-
rior sub-tenon injection (STTA), reduces inflammation by lowering 
levels of vascular endothelial growth factor (VEGF), thereby stabi-
lizing the blood-retina barrier and reducing vascular permeability.

The present study aimed to evaluate the impact of single-dose 
STTA following cataract surgery in diabetic patients, specifically as-
sessing its effects on postoperative outcomes such as visual acuity, 
macular thickness, intraocular pressure (IOP), and complications.

A total of 100 diabetic patients undergoing bilateral cataract 
surgery were enrolled, randomly assigned to two groups: Group A 
received STTA immediately following surgery, while Group B did 
not receive STTA. Baseline demographic characteristics, including 
age distribution (mean age 65.17 years, with a significant propor-
tion aged 61-70 years), residence (55% urban), and glycemic pro-
files (mean RBS 155.97 mg/dL, mean HbA1c 6.16%), were compa-
rable between the groups. This ensured a balanced starting point 
for evaluating the intervention’s effects.

Visual outcomes were assessed through uncorrected visual acu-
ity (UCVA) and best-corrected visual acuity (BCVA) measurements 
at multiple postoperative time points (POD 1, 7, 28, 90, 180). Both 
groups showed similar improvements in UCVA and BCVA over time, 
with no statistically significant differences observed between STTA 
and non-STTA groups. While there were notable enhancements in 
visual acuity observed, it is important to interpret these findings 
cautiously, considering that cataract surgery alone can indepen-
dently improve visual outcomes.

Anatomical outcomes, specifically central macular thickness 
(CMT), were significantly reduced in Group A compared to Group 
B at POD 28, 90, and 180 (p-value < 0.05). This suggests that STTA 
effectively mitigates postoperative macular edema, potentially en-
hancing long-term visual outcomes in diabetic patients.
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IOP, an important consideration given the potential for steroid-
induced glaucoma, did not show significant differences between 
groups across all postoperative time points. This indicates that 
STTA administration did not lead to clinically significant increases 
in IOP, supporting its safety profile in this cohort.

Complication rates, including pigment dispersion, striate kera-
topathy, wound dehiscence, corneal edema, and anterior chamber 
reaction, were similar between groups, with no statistically signifi-
cant differences observed. This underscores the safety of STTA as 
an adjunctive therapy in diabetic cataract surgery, corroborating 
findings from previous studies.

The study’s findings highlight the cost-effectiveness and clini-
cal utility of STTA in managing diabetic patients undergoing cata-
ract surgery. By effectively reducing CMT without compromising 
visual outcomes or increasing complication rates, STTA emerges 
as a valuable therapeutic option. Its ease of administration and fa-
vorable safety profile makes it particularly suitable for integration 
into routine cataract surgical practice.

The study’s strengths include its randomized controlled design, 
comprehensive assessment of various visual and anatomical pa-
rameters, and a relatively large sample size. However, limitations 
such as the short-term follow-up and potential variations in indi-
vidual responses to treatment should be acknowledged. Future 
research with longer follow-up periods and larger sample sizes 
would be beneficial to further elucidate the long-term efficacy and 
safety of triamcinolone acetonide in diabetic cataract surgery.

To summarise, STTA administered in the posterior sub-tenon 
space following cataract surgery offers promising benefits in man-
aging diabetic macular edema without compromising visual out-
comes or increasing complication rates. This study contributes to 
the growing body of evidence supporting STTA’s role as a safe and 
effective adjunctive therapy in diabetic eye care, underscoring its 
potential to improve postoperative outcomes and enhance patient 
quality of life.

Conclusion
Based on the findings, it can be concluded that administering 

triamcinolone acetonide via posterior sub-tenon injection follow-
ing cataract surgery in diabetic patients led to reduced increases in 

central macular thickness (CMT). Uncorrected and best-corrected 
visual acuities (UCVAs and BCVAs) showed significant improve-
ments throughout the postoperative period, although it is impor-
tant to note that cataract surgery alone may have contributed to 
these improvements. This suggests that while triamcinolone ace-
tonide injection is a cost-effective prophylactic measure for diabet-
ic patients, mitigating postoperative inflammation and potentially 
reducing the risk of macular edema without causing significant 
adverse effects like transient intraocular pressure (IOP) elevation, 
further studies with longer-term follow-ups (1 year and higher) are 
warranted to validate these findings conclusively.
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