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Abstract

Purpose: To compare the incidence and severity of intraocular pressure (IOP) elevation following intravitreal dexamethasone implant versus 
preservative-free triamcinolone acetonide suspension in patients with retinal diseases.

Methods: A retrospective observational cohort study was conducted at a large retina practice. Patients who received at least two injections of 
either dexamethasone implant or triamcinolone acetonide between 2011 and 2023 were included. IOP was measured at baseline and follow-up 
using Goldmann or Tonopen tonometry. The primary outcome was a change in IOP from baseline.  Secondary outcomes included IOP increases 
≥5 or ≥10 mmHg, IOP >21mmHg, and need for IOP-lowering therapy.

Results: A total of 165 patients received dexamethasone implants, and 146 patients received triamcinolone acetonide injections for analysis.  In 
the dexamethasone group, the mean IOP rose from 14.8 to 19.4 mmHg (p = 0.0001), with 31.2% of eyes showing ≥5 mmHg increase, 7.9% of eyes 
showing ≥10 mmHg increases and 23.6% exceeding 21mmHg.  IOP-lowering medications averaged 0.48 in treated eyes and 0.26 in fellow eyes 
(p = 0.001).  In the triamcinolone group, mean IOP changed from 15.3 to 14.5mmHg (p = 0.71), with 19.1% of eyes showing ≥5 mmHg increase, 
2.8% of eyes showing ≥10mmHg increases and 11.8% exceeding 21mmHg. IOP-lowering medications averaged 0.21 in treated eyes and 0.12 in 
fellow eyes (p = 0.03).

Conclusion: Intravitreal dexamethasone implants demonstrated a significantly higher risk of intraocular pressure elevation compared to those 
receiving preservative-free triamcinolone acetonide.  These findings highlight the need for individualized treatment selection and careful post-
injection monitoring
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Introduction 

Intravitreal corticosteroids are frequently used to treat a wide 
range of posterior segment diseases, including diabetic macular 
edema, uveitis, and retinal vein occlusions. Among these, dexa-
methasone implants and preservative-free triamcinolone aceton 
ide are two commonly employed intravitreal steroids. While these  

 
agents provide potent anti-inflammatory effects and help stabilize 
the blood-retina barrier, one of their well-documented adverse ef-
fects is the elevation of intraocular pressure (IOP). The elevation 
in IOP following intravitreal steroid administration is believed to 
occur through multiple mechanisms.
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Corticosteroids are known to induce structural and functional 
changes in the trabecular meshwork, the primary outflow path-
way for aqueous humor. These changes include accumulation of 
extracellular matrix materials, such as glycosaminoglycans, and 
suppression of the phagocytic activity of trabecular meshwork 
cells, which together increase resistance to aqueous humor out-
flow [1]. Additionally, upregulation of glucocorticoid receptors 
and alterations in cytoskeletal organization within trabecular 
meshwork cells have been implicated in impaired outflow facility 
[2].

Steroid responsiveness also varies between individuals. Some 
have hypothesized that genetic predispositions, such as expres-
sion of the myocilin (MYOC) gene, may contribute to differential 
susceptibility to steroid-induced ocular hypertension. However, 
current literature does not demonstrate a consistent association 
between MYOC mutations and steroid responsiveness [3,4]. In 
clinical studies evaluating the ocular hypertensive effects of intra-
vitreal dexamethasone implants in retinal vascular disease, most 
patients experience only modest elevations in IOP. One investiga-
tion reported that 79% of treated eyes demonstrated an IOP in-
crease of 5mmHg or less, while approximately 20% required initi-
ation of IOP-lowering therapy following injection [5].

Another study found that only 12% of eyes exhibited 
post-treatment IOP values exceeding 25mmHg [6]. Notably, cur-
rent evidence does not support a cumulative IOP-elevating effect 
with repeated dexamethasone implant administrations. The inci-
dence of IOP elevation following intravitreal triamcinolone ace-
tonide administration has been consistently reported across mul-
tiple studies. For example, Vasconcelos-Santos et al. [7] observed 
that 32% of patients treated with 4mg intravitreal triamcinolone 
acetonide for various posterior segment disorders developed an 
IOP of ≥21mmHg over an average follow-up of 7.7 months [7].

Similarly, Smithen and colleagues reported a 40.4% incidence 
of IOP ≥24mmHg with a mean follow-up of 9.3 months in a retro-
spective observational case series [8]. In contrast, Roth et al. [9] 
found a slightly lower incidence of 28.2% for IOP >25mmHg over 
a 24-month period in a larger retrospective cohort [9]. This study 
seeks to characterize and compare the incidence and severity of 
intraocular pressure elevation following the use of intravitreal 
dexamethasone implants and preservative-free triamcinolone 
acetonide injections in a large retina practice.

Materials and Methods

This study employed a retrospective, observational cohort de-
sign to evaluate IOP changes following intravitreal corticosteroid 
administration. The two corticosteroid agents compared were 
dexamethasone intravitreal implant and preservative-free triam-
cinolone acetonide. The study was conducted within a singular 
large retina practice of 15 retinal specialists and was approved by 
the Institutional Review Board.

Electronic health records were reviewed to identify patients 
who had received dexamethasone implant or triamcinolone ace-

tonide injections between 2011 and 2023.

Inclusion criteria consisted of patients who received a se-
ries of at least two intravitreal corticosteroids for the treatment 
of posterior segment pathology, including diabetic macular ede-
ma, central or branch retinal vein occlusion with macular edema, 
pseudophakic cystoid macular edema, macular or retinal edema, 
uveitis, diabetic retinopathy, and neovascular macular degener-
ation. Exclusion criteria included concurrent use of multiple in-
travitreal steroid formulations, incomplete IOP data, or follow-up 
consisting of less than 2 injections.

Patients were categorized into two primary cohorts based on 
the intravitreal steroid administered:

•	 Dexamethasone implant group

•	 Triamcinolone acetonide injection group

IOP was measured using Goldmann applanation and Ton 
open tonometry at baseline (pre-injection) and at follow-up visits 
post-injection. The primary outcome measure was the change in 
IOP from baseline to the final visit in the treatment period. Sec-
ondary outcome measures included:

•	 Incidence of IOP elevation ≥5 mmHg from baseline

•	 Incidence of IOP elevation ≥10 mmHg from baseline

•	 IOP >21 mmHg at any follow-up point

•	 Need for initiation of IOP-lowering therapy (topical 
medications)

To investigate differences between steroid types, the magni-
tude and incidence of IOP elevation were compared between the 
dexamethasone and triamcinolone cohorts. Statistical significance 
was assessed using Student’s T-tests for continuous variables.

Results

A total of 165 patients who received intravitreal dexameth-
asone implants and 146 patients who received preservative-free 
triamcinolone acetonide were included in the study. The mean age 
of patients receiving dexamethasone implant was 72 years, while 
the mean age in the triamcinolone group was 69.8 years. Each 
cohort was further stratified by diagnosis, number of injections, 
and IOP outcomes. Among the dexamethasone implant group, the 
most common indications were diabetic macular edema (41.2%), 
central retinal vein occlusion with macular edema (24.8%), and 
branch retinal vein occlusion with macular edema (17.0%).

Less frequent indications included pseudophakic cystoid 
macular edema (8.5%), uveitis (3.0%), and others comprising less 
than 2% of the population. See Figure 1 for a detailed represen-
tation. In the triamcinolone cohort, diabetic macular edema also 
represented the leading indication (30.1%), followed by pseu-
dophakic cystoid macular edema (27.4%) and macular or retinal 
edema (15.8%). Other diagnoses included retinal vein occlusions, 
uveitis, epiretinal membrane with edema, serous choroidal de-
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tachment, and neovascular glaucoma, each comprising a smaller portion of the cohort. See Figure 2 for a detailed representation.

Figure 1: Number per diagnosis for patients in the dexamethasone study group. Diabetic macular edema (68), central retinal vein occlusion 
with macular edema (41), branch retinal vein occlusion with macular edema (28), pseudophakic cystoid macular edema (14), macular/
retinal edema (6), uveitis (5), diabetic retinopathy (2), neovascular macular degeneration (1).

Figure 2: Number per diagnosis for patients in the triamcinolone acetonide study group. Diabetic macular edema (44), pseudophakic cystoid 
macular edema (40), macular/retinal edema (23), branch retinal vein occlusion with macular edema (10), central retinal vein occlusion with 
macular edema (9), diabetic retinopathy (5), neovascular macular degeneration (5), uveitis (4), epiretinal membrane with macular edema 
(3), serous choroidal detachment (1), neovascular glaucoma (1).

Dexamethasone Implant

In the first arm of analysis, 165 patients receiving dexameth-
asone were evaluated for pressure elevation over time. Base-
line IOP averaged 14.8 mmHg in treated eyes, increasing to 19.4 
mmHg at final follow-up (p = 0.0001). Figure 3 illustrates this in-
crease. Notably, 31.2% of patients experienced an IOP increase in 
the treated eye ≥5mmHg, and 7.9% had increases ≥10 mmHg. Of 
those with baseline IOP ≤21mmHg, 23.6% exceeded the 21mmHg 
threshold during follow-up. The average number of IOP-lowering 
medications at the baseline visit was 0.25 in treated eyes and 0.21 
in fellow eyes (p = 0.49). At the final follow-up, IOP-lowering med-

ications averaged 0.48 in treated eyes and 0.26 in fellow eyes (p = 
0.001). See Figure 4 for graphical comparison.

Triamcinolone Acetonide

Among 146 patients receiving preservative-free triamcino-
lone, baseline IOP in treated eyes averaged 15.3 mmHg and de-
creased slightly to 14.5 mmHg at final visit (p = 0.71). Figure 5 
illustrates this. A total of 19.1% of patients experienced an IOP 
increase in the treated eye ≥5 mmHg, and 2.8% had increases 
≥10 mmHg. Of those with baseline pressures ≤21 mmHg, 11.8% 
exceeded this threshold post-treatment. The average number of 
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IOP-lowering medications at the baseline visit was 0.26 in treat-
ed eyes and 0.21 in fellow eyes (p = 0.3). At the final follow-up, 

IOP-lowering medications averaged 0.21 in treated eyes and 0.12 
in fellow eyes (p = 0.03). See Figure 6 for graphical comparison.

Figure 3: Mean IOP at baseline and final visit in the dexamethasone study group. Treated eye baseline IOP, 14.8 mmHg, compared to 19.4 
mmHg at the final visit (p=0.0001).

Figure 4: Mean number of glaucoma medications at baseline and final visit in the dexamethasone study group. Mean baseline number of 
medications in treated eyes, 0.25, compared to 0.21 in fellow eyes (p=0.49). Mean number of medications at the final visit in treated eyes, 
0.48, compared to 0.26 in fellow eyes (p=0.001).

Figure 5: Mean IOP at baseline and final visit in the triamcinolone acetonide study group. Treated eye baseline IOP, 15.3 mmHg, compared 
to 14.5 mmHg at the final visit (p=0.71).
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Figure 6: Mean number of glaucoma medications at baseline and final visit in the triamcinolone acetonide study group. Mean baseline 
number of medications in treated eyes, 0.26, compared to 0.21 in fellow eyes (p=0.3). Mean number of medications at the final visit in 
treated eyes, 0.21, compared to 0.12 in fellow eyes (p=0.03).

Discussion

Across several retrospective analyses, we observed a higher 
incidence and magnitude of IOP elevation in eyes treated with 
dexamethasone implants than in those treated with triamcino-
lone acetonide. These findings contribute to the growing body of 
literature examining the ocular hypertensive effects of intravit-
real steroids, particularly within real-world clinical populations. 
Steroid-induced ocular hypertension is a well-characterized 
phenomenon, believed to result from impaired aqueous outflow 
through the trabecular meshwork. This impairment is mediated 
by increased deposition of extracellular matrix proteins, suppres-
sion of phagocytic activity, and cytoskeletal changes within tra-
becular meshwork cells, all of which increase outflow resistance.

Genetic predisposition, particularly involving the MYOC gene, 
may further sensitize individuals to pressure elevations follow-
ing corticosteroid exposure [1]. Dexamethasone, owing to its 
long-acting biodegradable implant formulation and higher rel-
ative glucocorticoid potency, may exert more prolonged effects 
on aqueous humor dynamics compared to preservative-free tri-
amcinolone acetonide, which is shorter acting and delivered as 
a solution or suspension [2]. In this retrospective analysis, dexa-
methasone-treated eyes exhibited clinically meaningful IOP ele-
vations in a substantial subset of patients. Notably, up to 31.2% 
of patients demonstrated increases of ≥5 mmHg and 23.6% sur-
passed the 21mmHg threshold.

In contrast, triamcinolone acetonide injections resulted in 
smaller rates of IOP elevation: 19.1% of patients had ≥5 mmHg 
increases, and only 11.8% exceeded 21mmHg. In the subgroup 
of patients receiving multiple treatments, mean IOP values for 
dexamethasone-treated eyes rose significantly, while triamcino-
lone-treated eyes did not demonstrate significant mean changes, 
further supporting the relative pressure-sparing profile of tri-
amcinolone acetonide. Clinical implications of these findings are 

multifold. First, when considering intravitreal steroid therapy for 
patients at risk of steroid response-such as those with pre-exist-
ing glaucoma or ocular hypertension-triamcinolone acetonide 
may represent a safer alternative.

Furthermore, our results underscore the importance of close 
IOP monitoring following corticosteroid injection, particularly 
with dexamethasone implants. The increased use of IOP-lower-
ing medications observed in dexamethasone-treated eyes at fol-
low-up suggests that clinicians were responsive to pressure eleva-
tions, potentially mitigating more severe outcomes such as optic 
nerve damage or irreversible visual field loss. Additionally, differ-
ences in corticosteroid selection by diagnosis warrant consider-
ation. Diabetic macular edema was the most common indication 
for both drugs, but the relative prevalence of central and branch 
retinal vein occlusions was higher among dexamethasone-treated 
patients.

These patterns may reflect clinician preference, drug efficacy 
profiles, or reimbursement dynamics, but they also open the door 
for diagnosis-specific risk-benefit analyses regarding IOP out-
comes. Several limitations must be acknowledged. The retrospec-
tive nature of the analysis introduces potential biases, including 
selection bias and incomplete documentation of glaucoma medi-
cation use. It is also possible that some patients were prophylac-
tically treated with IOP-lowering agents in anticipation of steroid 
response, particularly in the triamcinolone cohort, which could 
partially obscure the true hypertensive effect. 

Moreover, the follow-up period for some patients may have 
been insufficient to capture delayed-onset steroid responses, a 
known phenomenon with intraocular corticosteroids [10]. Future 
studies should aim to validate these findings in a prospective, con-
trolled setting. Investigating the longitudinal impact of repeated 
steroid injections on IOP, stratified by known steroid responders, 
could yield important predictive insights. Likewise, correlation 
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with visual acuity outcomes, optical coherence tomography (OCT) 
changes, and quality-of-life metrics would help to better define 
the overall risk-benefit balance for each corticosteroid option.

Conclusion

In this retrospective study, patients treated with the dexa-
methasone intravitreal implant demonstrated a significantly 
higher risk and magnitude of intraocular pressure elevation com-
pared to those receiving preservative-free triamcinolone aceton-
ide. While both agents are effective corticosteroids used in the 
management of retinal diseases, our findings highlight the need 
for individualized treatment selection and careful post-injection 
monitoring, particularly in patients with preexisting glaucoma or 
ocular hypertension. These results support the growing body of 
evidence advocating for routine IOP surveillance following intra-
vitreal steroid administration and may guide clinicians in balanc-
ing therapeutic efficacy with safety when choosing among steroid 
options.
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