[bookmark: _Hlk171491968][bookmark: _Toc201687999]Incidence and Factors Associated with Ocular Hypertension after Intravitreal Triamcinolone Injection Among Macula Oedema Patients Attending KCMC (2024-2025)

Abstract
Background: Intravitreal triamcinolone acetonide (IVTA) is an effective cor ticosteroid used in managing retinal conditions such as cystoid macular edema (CME), diabetic macular edema (DME), and retinal vein occlusion (RVO). Despite its therapeutic benefits, IVTA is known to cause ocular hypertension (OHT), which can lead to irreversible glaucomatous damage if not adequately monitored, posing a particular challenge in resource-limited settings.
Objectives: To determine the incidence, pattern, and associated risk factors of ocular hypertension following intravitreal triamcinolone injection among patients with macular edema attending the Ophthalmology Department at Kilimanjaro Christian Medical Centre (KCMC) between 2024 and 2025.
Methods: A prospective cohort study was conducted involving 110 adult patients diagnosed with macular edema and treated with a standardized 4 mg dose of IVTA. Intraocular pressure (IOP) was measured at baseline, immediately post-injection, and at 2-week and 6-week follow-up visits using an Icare tonometer. OHT was defined as IOP > 21 mmHg or an increase ≥5 mmHg or 20% from baseline. Statistical analysis was performed using SPSS 25, with multivariate regression applied to identify independent predictors of OHT.
Results: The incidence of ocular hypertension was 35%. Mean IOP rose significantly from 14.59 mmHg at baseline to 28.42 mmHg immediately post-injection, decreasing to 17.75 mmHg at 2 weeks and 17.05 mmHg at 6 weeks (p < 0.001). Retinal vein occlusion was the strongest independent predictor of OHT (ARR = 3.23; 95% CI: 1.10–9.54; p = 0.033).
Conclusion: IVTA is associated with a high incidence of transient and sustained OHT. Early and routine IOP monitoring, especially in RVO patients, is crucial to prevent glaucomatous complications, particularly in low-resource settings.
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Introduction: 
Intravitreal triamcinolone acetonide (IVTA) injection has been widely used to treat several intraocular neovascular, inflammatory, and edematous diseases. However, steroid-induced increase in the intraocular pressure (IOP) is one of the most widely cited side effects of IVTA injection. The amount of corticosteroid passes to the intravitreal issues after the injection, leading to a significant rise in the IOP. (1). TA, when injected into the eye, is an effective treatment for macular edema that occurs as a result of various eye conditions such as diabetic retinopathy, central retinal vein occlusion, branch retinal vein occlusion, uveitis, macular edema after cataract surgery, and age-related macular degeneration.(2).

This steroid medication is widely used for treating various retinal diseases and is commercially available as an ester. (Sarao et al., 2014) This medication can cause adverse effects, including intraocular hypertension. (4). The rise of intraocular pressure (IOP) can lead to chronic OAG in up to 52% of eyes.(2). Several doses of intravitreal triamcinolone acetonide (IVT TA) have been studied: 1, 2, 4, 5, 6, 8, 10, 20, and 25 mg have been studied. The most common dose in these investigations is 4 mg. After a 4 mg IVT TA injection, the therapeutic response and duration of action may last for about three months. (5). Long-term usage of corticosteroids has been linked to an increase in intraocular pressure. According to certain research, at least 35% of subjects will have a rise in ocular pressure of more than 6 mmHg after using topical steroids for at least 4 weeks. Patients with primary open-angle glaucoma may experience this even more quickly. After quitting the drug, ocular pressure usually returns to normal in about one month. Steroids given systemically, topically, via injection locally, or by inhalation might raise intraocular pressure in those who are vulnerable.
The exact cause of steroid-induced glaucoma is not completely understood. It is believed that the increase in intraocular pressure is due to increased resistance to the outflow of fluid from the eye.(2).Intraocular pressure rises during intravitreal injection (IVI) when the injected medicine abruptly expands the capacity of the closed vitreous cavity. IOP rises momentarily and immediately as a result of the volume effect's modification of the aqueous outflow. The cause of a persistent increase in IOP, however, is less clear. Long-term elevations of IOP may result in reduced blood supply to the ONH and juxta-papillary retina, which would permanently harm the retinal pigment epithelium. ( Rishabh Rathi et al., 2023). Intraocular pressure (IOP) should naturally rise in response to an injection of fluid into the eye. Consequently, acute IOP changes will occur immediately following the intravitreal injection; these fluctuations are connected to the technique and typically remain for a few hours.(7). At KCMC Hospital, IVTA injections are frequently used to treat various retinal diseases. However, there is a lack of comprehensive data on the occurrence and contributing factors of Ocular Hypertension in diverse populations, especially in low-resource settings like Tanzania. Furthermore, our understanding of the effects of long-term repeated triamcinolone injections on intraocular pressure, particularly in diverse populations and settings, is incomplete. Additionally, the most effective monitoring and management strategies for patients at risk of OHT following triamcinolone injections are not well-defined, contributing to the continuation of the problem. The aim of this study was to determine the incidence, pattern, and risk factors associated with ocular hypertension following intravitreal triamcinolone injections among macular edema patients attending Kilimanjaro Christian Medical Centre (KCMC) from 2024 to 2025.

Materials and Methods
This was a hospital-based prospective cohort study conducted at the Kilimanjaro Christian Medical Centre's (KCMC) Eye Department from September 2024 to May 2025. The department, a zonal referral hospital located in Moshi Municipality, Kilimanjaro Region, serves over 15 million people across Northern Tanzania and handles more than 38,000 eye patients annually. It is the primary referral center for ophthalmic care in Kilimanjaro, Arusha, Tanga, and Manyara regions. The department also provides training for a range of eye care professionals and manages over 2,466 patients with diabetic retinopathy per year. The study included all adult patients diagnosed with macular edema and scheduled for intravitreal triamcinolone injection at KCMC's Eye Department during the study period. Inclusion criteria required patients to be adults with macular edema receiving triamcinolone injection, while those with previously undocumented raised intraocular pressure (IOP > 21 mmHg), prior intravitreal triamcinolone injections in the same eye within six months, eyes that had undergone vitrectomy and silicone oil fill, conditions hindering reliable IOP measurement such as corneal scars, or a history of allergies or adverse drug reactions were excluded.
A minimum sample size of 96 participants was used, obtained from a previous similar study conducted in India.(8) A consecutive sampling technique was used. The dependent variable was intraocular pressure change following the injection. Independent variables included visual acuity, demographic data (age, sex), lens status, number of previous injections, indications for injection such as cystoid macular edema (CME), diabetic macular edema (DME), retinal vein occlusion (RVO), age-related macular degeneration (AMD), and post-uveitis conditions, history of YAG capsulotomy, panretinal photocoagulation (PRP), retinal surgery, and systemic hypertension. Data collection was performed using structured tools that gathered demographic and clinical data through interviews and physical examinations. Data were also extracted from the hospital’s electronic medical records and, when necessary, from paper records. Key information collected included lens status, previous injections, and other relevant ocular history.
Patients underwent ophthalmologic examinations, including measurement of visual acuity, slit-lamp evaluation, IOP using an Icare IC100 tonometer, fundus examination, and optical coherence tomography (OCT) when needed. All procedures were conducted by a trained senior ophthalmology resident, who also administered the injections. The intravitreal triamcinolone injection was performed under aseptic conditions in a minor operating theater using topical anesthesia. The procedure included irrigation of the conjunctival fornices with 5% povidone-iodine and disinfection of the periorbital skin and lid margin with 10% povidone-iodine. Sterile drapes and a lid speculum were applied. Triamcinolone was drawn into a tuberculin syringe or 30G needle and injected through the inferotemporal or superotemporal pars plana at 3.5 mm from the limbus in pseudophakic eyes and 4 mm in phakic eyes. Firm pressure was applied to the injection site with a sterile cotton-tip applicator for at least five seconds post-injection to reduce vitreous reflux.
Baseline IOP was recorded five minutes before injection, immediately after injection, and again at two and six weeks during follow-up visits. Each IOP measurement was taken three times, and the average was used for analysis. The primary outcome was the proportion of eyes developing sustained IOP elevation, defined as either an IOP > 21 mmHg or an increase greater than 5mmHg or 20% from baseline. All patient care and study procedures adhered to the Declaration of Helsinki and Good Clinical Practice principles. Ethical approval was obtained from the KCMC University Research and Ethics Committee (Ref No PG 98/2024), and written informed consent was obtained from all participants. Permission to conduct the study was granted by the Hospital Executive Director and the Head of the Ophthalmology Department. Patients identified with elevated intraocular pressure during follow-up visits were started on topical timolol. If intraocular pressure remained uncontrolled, additional anti-glaucoma medications were prescribed, and refractory cases underwent surgical management.
Safety Protocol
A standardized safety protocol was followed for all intravitreal injections to minimize procedure-related complications and ensure timely detection of adverse events. Under aseptic conditions, the periocular skin and conjunctival fornices were prepared with povidone-iodine, a sterile drape and lid speculum were applied, and intravitreal triamcinolone was administered via the pars plana at an appropriate distance from the limbus based on lens status. Intraocular pressure was measured at baseline, immediately post-injection, and at 2 and 6 weeks, using three readings averaged per visit. Elevated IOP was managed with topical anti-glaucoma therapy and escalation as required.
Data management included regular checks of the data collection tools to ensure completeness and consistency. The data were entered into SPSS Version 25 and cleaned before analysis. Descriptive statistics were generated, and the relationship between IOP and potential predictors was assessed using Pearson correlation and paired sample t-tests. Repeated-measures linear regression was used to evaluate changes in IOP over time. Variables significantly associated with IOP changes in univariate analysis were further analyzed using multivariate regression to determine independent predictors. A p-value of less than 0.05 was considered statistically significant. Patients with a prior history of glaucoma were identified based on clinical signs of glaucomatous optic neuropathy and prior use of IOP-lowering medications.
[bookmark: _Toc201688042]Results
A total of 110 participants who met the inclusion criteria were included in the analysis (Table 1). The median age was 65 years (interquartile range, 56-72 years). Among the participants enrolled, 68 (61.8%) were aged less than 70 years, and 57(51.8%) were male, where most lived in urban 71(64.5%). Half of the participants were hypertensive 56(50.9%), and 64 (58.2%) had pseudophakic eyes. Additionally, 42 (38.2%) eyes had undergone YAG laser capsulotomy, and 102 (92.7%) eyes had not undergone Retinal surgery.
[bookmark: _Toc201683029]Table 1: Participants’ background characteristics (N=110).
	[bookmark: _Hlk197779636]Variable
	Frequency
	Percentage

	Sex of the participant
	
	

	Male
	53
	48.2

	Female
	57
	51.8

	Age of the participant
	
	

	≤70
	68
	61.8

	>70
	42
	38.2

	Median (IQR)
	65(56-72)
	

	Residence
	
	

	Urban
	71
	64.5

	Rural
	39
	35.5

	Lens status
	
	

	Phakic
	46
	41.8

	Pseudophakic
	64
	58.2

	Hypertension
	
	

	Yes
	56
	50.9

	No
	54
	49.1

	YAG laser capsulotomy
	
	

	Yes
	42
	38.2

	No
	68
	61.8

	History of retina surgery
	
	

	Yes
	8
	7.3

	No
	102
	92.7

	History of PRP
	
	

	Yes
	13
	11.8

	No
	97
	88.2






[bookmark: _Toc201688043]4.1 Indication for Triamcinolone intraocular injection
Cystoid macular edema (CME) was the leading indication for Triamcinolone intraocular injection (58.9%), followed by Diabetic macular edema (28%), retinal vein occlusion (9.3%), AMD (3.7%), (Figure1).
[bookmark: _Toc171518290]
[bookmark: _Toc171518294][bookmark: _Toc201683027][bookmark: _Hlk198499520]Figure 1: Triamcinolone indication among participants (N=110).
Cystoid macular edema(CME), retinal vein occlusion (RVO), age-related macular degeneration (AMD), and Diabetic macular edema(DME)
[bookmark: _Toc201688044]4.2 Incidence of Ocular hypertension
The overall incidence of ocular hypertension was 35% (39/110). At each follow-up, the overall incidence of participants with intraocular pressure, immediately after injection, 2 weeks and 6 weeks’ follow-up were 108(98.2%), 37(33.6%) and 34(30.9%) respectively. Among those with immediate IOP, 4(3.7%) persisted for 2 weeks only (4/108) and 34(31.48%) persisted for 6 weeks (34/108) but among those participants whose IOP persisted for 6 weeks, the IOP of two participants were not observed within 2 weeks’ follow-up. The intraocular pressure higher than 21 mmHg were 29(26.4%) and 27(24.5%) that persisted for 2 weeks and 6 weeks’ follow-ups after injection respectively while those who had ocular hypertension more than 5 mmHg from baseline had 8(7.3%) and 7(7.4%) that persisted for 2 weeks and 6 weeks respectively more details in (Table 2)
[bookmark: _Toc201683030]Table 2: Distribution of IOP readings (Prior to IVTA Injection to 6 Weeks   After Injection) based on raised levels (N=110)
	
	Normal IOP
	Ocular hypertension ≥21 mmHg
	Ocular hypertension    >5 mmHg

	
	n (%)
	n (%)
	n (%)

	Prior to IVTA Injection
	110(100)
	-
	-

	Immediate After IVTA injection
	2(1.8)
	99(90)
	9(8.2)

	IOP at 2 Weeks After Injection
	73(66.4)
	29(26.4)
	8(7.3)

	IOP at 6 Weeks After Injection
	76(69.1)
	27(24.5)
	7(7.4)



[bookmark: _Toc171521425][bookmark: _Toc201688045]4.3 Visual acuity of an injected and fellow eye at beginning and end of the study.
The mean visual acuity assessed using the logarithm of the minimum angle of resolution (logMAR) scale, for the eye receiving Triamcinolone injections was 0.198(±0.028) pre-treatment and 0.198 (±0.39) post-treatment and the different is statistically significant at P-value<0.001. For the contralateral (control) eye, the mean logMAR visual acuity values were 0.29 (±0.39) before and 0.25 (±0.36) after the study period and Statistical analysis revealed that the variations in mean visual acuity from baseline to follow-up in the control eyes did not reach a level of statistical significance at p-value of =0.08 (Table 3).
[bookmark: _Toc201683031]Table 3: Mean best corrected visual acuity of injected and control eye at first visit and last visit
	Variable
	Injected Eye
	
	Control Eye
	

	
	Mean
	SD
	P-value
	Mean
	SD
	P-value

	[bookmark: _Hlk198499558]INITIALBVCA
	         0.198
	±.028
	
	[bookmark: _Hlk198499730]0.29
	[bookmark: _Hlk198499747]±0.39
	

	FINAL-BCVA
	0.002
	[bookmark: _Hlk198499622]±0.037
	<0.001
	[bookmark: _Hlk198499698]0.25
	[bookmark: _Hlk198499711]±0.36
	[bookmark: _Hlk198499789]0.08



[bookmark: _Toc201688046]4.4 Pattern of IOP Rise after Intravitreal Bevacizumab Injections
[bookmark: _Toc201688047][bookmark: _Hlk198336724]4.4.1 Mean intraocular pressure at baseline and immediately, at 2 weeks, and 6 weeks after Intravitreal injection of Triamcinolone
Significant statistical differences were observed in the mean intraocular pressure (IOP) changes after injection in both the initial and subsequent visits in the injected eye. The mean and standard deviation (SD) of intraocular pressure (IOP) before Intravitreal Triamcinolone injection was 14.59 ± 2.60 mmHg, increasing to 28.42 ± 5.31 mmHg immediately post-injection and then returning to 17.75± 4.56 mmHg on second week follow-up and slightly decreased to 17.05±4.87 on the sixth week follow-up.
On the non-injected eye, the mean and standard deviation of intraocular pressure (IOP) changes at baseline, immediate, second week and sixth week follow-up were 13.85± 2.33mmHg, 13.45±2.18 mmHg, 13.61 ±1.36 and 12.90±1.26 respectively. However statistical significance was only observed on the sixth month (figure 2)
[bookmark: _Toc201683032]Table 4: Mean IOP before and after Triamcinolone intravitreal injections of injected and fellow eye at third visit immediate after injection, 2 weeks and 6 weeks follow-up
	Variable
	Injected Eye
	P-value
	Non-injected eye
	P-value

	
	Mean(95%CI)
	SD
	
	Mean (95%CI)
	SD
	

	IOP Baseline
	14.59(14.10-15.08)
	±2.60
	
	13.85(13.41-14.29)
	±2.33
	

	IOP Immediate
	28.42(27.41-29.42)
	±5.31
	<0.001
	13.45(13.04-13.87)
	±2.18
	0.232

	IOP 2 weeks
	17.75(16.88-18.61)
	±4.56
	<0.001
	13.61(13.35-13.87)
	±1.36
	1.000

	IOP 6 weeks
	17.05(16.14-17.97)
	±4.87
	<0.001
	12.90(12.66-13.14)
	±1.26
	0.002


Abbreviations: IOP, Intraocular pressure; mmHg.
[bookmark: _Toc201688048]4.4.2 Pattern of IOP rise after Triamcinolone injection among the study participants at IOP immediate, IOP 2 weeks, and IOP 6 weeks (N= 110)
[bookmark: _Toc171521432]The mean IOP in the injected eye increased rapidly, immediately after injections, it decreased gradually after two weeks and remained slightly constant to six weeks follow-up, in contrast to the non-injected eye the mean IOP remained stationary over the study period summarized in (Fig 2).

[bookmark: _Toc201683028]Figure 2: Pattern IOP spike after Triamcinolone intravitreal injections among the study participants at IOP Baseline, IOP immediate, IOP 2 weeks, and IOP 6 weeks (N= 110)
[bookmark: _Toc201688049]4.5 Risk Factors Associated with Ocular Hypertension after Intravitreal Triamcinolone Injections
[bookmark: _Toc201688050]4.5.1 Distribution of ocular hypertension by participants’ characteristics (N=110)
[bookmark: _Hlk198339795][bookmark: _Toc171518292]Ocular hypertension significantly differed by lens status (χ2=5.8489, P-value=0.016), history of retina surgery (χ2=3.8596, P-value=0.049) and retina venous occlusion (χ2=4.3591, P-value=0.037) and CME (χ2=6.5755, P-value=0.049. Other variables were presented in Table 5.
[bookmark: _Toc201683033]Table 5: Distribution of ocular hypertension elevation by participants’ characteristics
	Variable
	Ocular Hypertension
	χ2
	P-value

	
	No
	         Yes
	
	

	
	n (%)
	n (%)
	
	

	Sex 
	
	
	
	

	Male
	40(75.5)
	13(24.5)
	1.950
	0.163

	Female
	36(63.2)
	21(36.8)
	
	

	Age of the participant
	
	
	
	

	≤70
	49(72.1)
	16(27.9)
	0.7346
	0.391

	>70
	27(64.3)
	15()35.7
	
	

	Residence
	
	
	
	

	Urban
	52(73.2)
	19(26.8)
	1.6139
	0.204

	Rural
	24(61.5)
	15(38.5)
	
	

	Lens status
	
	
	
	

	Phakic
	26(56.5)
	20(43.5)
	5.8489
	0.016

	Pseudophakic
	50(78.1)
	14(21.9)
	
	

	YAG laser capsulotomy
	
	
	
	

	Yes
	32(76.2)
	10(23.8)
	1.6036
	0.205

	No
	44(64.7)
	24(35.3)
	
	

	History of retina surgery
	
	
	
	

	Yes
	8(100)
	0(0)
	3.8596
	0.049

	No
	68(66.7)
	34(33.3)
	
	

	History of PRP
	
	
	
	

	Yes
	12(92.3)
	1(7.7)
	3.7210
	0.054

	No
	64(66.0)
	33(34.0)
	
	

	Retina Venous Occlusion    
	
	
	
	

	Yes
	4(40)
	6(60)
	4.3591
	0.037

	No
	72(72)
	28(28)
	
	

	CME
	
	
	
	

	Yes
	49(79.0)
	13(21.0)
	6.5755
	0.010

	No
	27(56.2)
	21(43.8)
	
	

	CNV
	
	
	
	

	Yes
	2(66.7)
	1(33.3)
	0.0085
	0.927

	No
	74(69.2)
	33(30.8)
	
	

	DME 
	
	
	
	

	Yes
	18(56.3)
	14(43.8)
	3.4844
	0.062

	No
	58(74.4)
	20(25.6)
	
	

	Posterior uveitis
	
	
	
	

	Yes
	0(0)
	1(100.0)
	2.2558
	0.133

	No
	76(63.7)
	33(30.3)
	
	



[bookmark: _Toc201688051]4.6 Multivariate analysis for risk factors associated with ocular hypertension 
Table 6 presents the factors associated with ocular hypertension. In the crude analysis, lens status, cystoid macular edema (CME), and retinal vein occlusion (RVO) were significantly associated with ocular hypertension. However, after adjusting for potential confounders, only RVO remained an independent significant predictor.
Participants with phakic lenses had a significantly 98% higher risk of developing ocular hypertension compared to those with pseudophakic lenses (Crude Risk Ratio [CRR] = 1.98; 95% CI: 1.12–3.51; p = 0.018). However, after adjusting for CME, RVO, and diabetic macular edema (DME), the risk was reduced by 38% (Adjusted Risk Ratio [ARR] = 0.62; 95% CI: 0.13–3.07; p = 0.566), though this association was not statistically significant.
Patients with CME initially showed a 52% lower risk of ocular hypertension (CRR = 0.48; 95% CI: 0.27–0.85; p = 0.013), but after adjustment for lens status, RVO, and DME, the protective effect diminished (ARR = 0.71; 95% CI: 0.11–4.65; p = 0.723) and lost statistical significance.
Importantly, individuals with RVO had two times higher risk of ocular hypertension in the crude model (CRR = 2.14; 95% CI: 1.18–3.90; p = 0.013), and this association strengthened after adjustment, with the risk rising to over threefold (ARR = 3.23; 95% CI: 1.10–9.54; p = 0.033), remaining statistically significant.
However, for patients with DME, there was a nonsignificant trend toward increased risk in both crude and adjusted analyses. The crude risk was elevated by 71% (CRR = 1.71; 95% CI: 0.99–2.95; p = 0.056), and after adjustment, the risk doubled (ARR = 2.40; 95% CI: 0.87–6.63; p = 0.090), though this too did not reach statistical significance.  Additional variables assessed are detailed in Table 6.





[bookmark: _Toc201683034]

Table 6: Risk Factors Associated with Ocular Hypertension After Intravitreal Triamcinolone
	Variable
	CRR (95%CI)
	P-value
	ARR (95%CI)
	P-value

	Sex
	
	
	
	

	Male
	
	
	
	

	Female
	1.50(0.84-2.69)
	0.173
	
	

	Age of the participant
	
	
	
	

	≤70
	
	
	
	

	>70
	1.28(0.73-2.24)
	0.390
	
	

	Residence
	
	
	
	

	Urban
	
	
	
	

	Rural
	1.44(0.82-2.50)
	0.201
	
	

	Lens status
	
	
	
	

	Phakic
	1.98(1.12-3.51)
	0.018
	0.62(0.13-3.07)
	0.566

	Pseudophakic
	
	
	
	

	YAG
	
	
	
	

	Yes
	0.67(0.36-1.27)
	0.222
	
	

	No
	
	
	
	

	History of PRP
	
	
	
	

	Yes
	0.23(.03-1.53)
	0.128
	
	

	No
	
	
	
	

	Hypertension
	
	
	
	

	Yes
	1.22(0.69-2.15)
	0.489
	
	

	No
	
	
	
	

	CME
	
	
	
	

	Yes
	0.48(0.27-0.85)
	0.013
	0.71 (0.11-4.65)
	0.723

	No
	
	
	
	

	RVO
	
	
	
	

	Yes
	2.14(1.18-3.90)
	0.013
	3.23(1.10-9.54)
	0.033*

	No
	
	
	
	

	CNV
	
	
	
	

	Yes
	1.08(.21-5.53)
	0.926
	
	

	No
	
	
	
	

	DME
	
	
	
	

	Yes
	1.71(0.99-2.95)
	0.056  
	2.40(0.87-6.63)
	0.090

	No
	
	
	
	


[bookmark: _Toc171521435][bookmark: _Toc201688053]*Statistically significant, p <0.05
Discussion
[bookmark: _Toc201683128][bookmark: _Toc201688054]Intravitreal triamcinolone acetonide (IVTA) is still widely used in managing macular edema due to diabetic retinopathy, retinal vein occlusion, AMD, and uveitis. However, elevation of intraocular pressure (IOP) induced by Triamcinolone remains a significant adverse effect. This discussion evaluates the findings of this prospective study conducted at KCMC and compares them with recently published research to highlight similarities, differences, and future directions.
In this study conducted at Kilimanjaro Christian Medical Centre (KCMC), the most frequent indications for intravitreal triamcinolone acetonide (IVTA) injections among macular edema patients were cystoid macular edema (CME-58.9%) and diabetic macular edema (DME-28%), followed by retinal vein occlusion (RVO-9.3%), age-related macular degeneration (AMD-3.7%), and posterior uveitis. This distribution reflects the wide spectrum of posterior segment diseases for which corticosteroid therapy remains a mainstay, especially in resource-limited settings.
CME was the leading indication in our cohort, consistent with reports from similar tertiary centers. According to (2), IVTA was predominantly used in their Turkish cohort for CME due to pseudophakia and chronic uveitis. The anti-inflammatory and anti-edematous effects of triamcinolone make them particularly effective in CME cases, especially where anti-VEGF treatment is either contraindicated or unavailable.
DME, the second most common indication at KCMC, is widely recognized as a primary target for IVTA therapy. The corticosteroid acts by inhibiting VEGF production and reducing retinal capillary permeability. Prospective studies have shown that intravitreal triamcinolone can cause clinically significant IOP elevation in a substantial proportion of treated eyes (Jonas et al., 2003, 2005). Recent real-world evidence has also shown that ocular hypertension and glaucoma can occur after periocular or intravitreal steroid injections, reinforcing the need for IOP monitoring after steroid therapy (Grewal et al., 2023). Similarly (10) observed that IVTA is more cost-effective than anti-VEGF agents in DME when long-term affordability is a concern, which aligns with its frequent use in our Tanzanian population.
Retinal vein occlusion (RVO) was another major indication in our study. This corresponds with findings from (11), who found IVTA effective in reducing macular edema secondary to both branch and central RVO. These findings also align with those of (12), who evaluated the safety and efficacy of varying IVTA doses in patients with diabetic macular edema (DME) and macular edema secondary to RVO. Their study, conducted in Canada, emphasized that individualized dosing, particularly lower doses of IVTA, can achieve therapeutic benefits while minimizing adverse events such as OHT. In contrast, our study used a uniform 4 mg dose, which may have contributed to the higher incidence of IOP elevation observed in RVO cases. This comparison underscores the importance of dose optimization, especially in resource-limited settings like Tanzania, where routine monitoring may be constrained and where a standardized approach could elevate the risk of steroid-induced complications.
AMD, though less commonly treated with IVTA due to the dominance of anti-VEGF therapy, was also an indication in our setting. This reflects economic and accessibility challenges. In high-income countries, AMD is almost exclusively managed with monthly anti-VEGF injections; however, in low-income regions like Tanzania, IVTA remains in use due to its cost and availability. This contrasts with the findings of  (13) in China, where IVTA was investigated as an adjunctive or alternative therapy in AMD patients who were either unresponsive to or unable to afford sustained anti-VEGF treatments. Their study demonstrated moderate visual improvement and edema control with IVTA, particularly in cases of wet AMD where anti-VEGF compliance was inconsistent. While both studies recognize IVTA as a secondary option,(13) emphasized its role in bridging care gaps for underinsured or rural patients, mirroring the socioeconomic constraints observed in our Tanzanian cohort. Together, these studies highlight the continued relevance of IVTA in managing AMD where anti-VEGF access is limited and suggest a need for context-specific treatment strategies in resource-constrained populations.
Lastly, posterior uveitis was one of the least represented indications for intravitreal triamcinolone acetonide (IVTA), which may reflect its lower prevalence in the study population or possible underdiagnoses in routine clinical settings. Despite its limited representation, IVTA remains a cornerstone therapy for managing non-infectious posterior uveitis, particularly where systemic immunosuppression is not feasible. This observation aligns with the findings of (13)  in China, who conducted a prospective evaluation of IVTA in patients with non-infectious intermediate and posterior uveitis. Their study demonstrated significant improvements in visual acuity and control of intraocular inflammation, with acceptable rates of intraocular pressure elevation. Unlike our cohort, where IVTA was used sparingly for uveitis (13)  employed it as a first-line local treatment, particularly for patients at risk of systemic steroid side effects. The comparison highlights differing clinical practices influenced by patient profiles and healthcare resources. While both studies affirm IVTA’s efficacy, our findings emphasize its more selective use in Tanzania, whereas work supports its broader application in structured treatment protocols for inflammatory eye disease.
Taken together, the distribution of indications in our study mirrors that of both high-income and low-income settings, with CME, DME, and RVO consistently ranking as leading causes for IVTA use. However, the dominance of IVTA in conditions that would otherwise be managed with anti-VEGF agents elsewhere (e.g., AMD) highlights the impact of healthcare infrastructure and drug availability on treatment decisions in Tanzania.
In our study, the incidence of ocular hypertension (OHT) was found to be 35%, using the criteria of IOP >21 mmHg or an increase of>5 mmHg from baseline at 6 weeks. Comparable rates of ocular hypertension after intravitreal steroid exposure have been reported in recent comparative clinical datasets, with risk varying by steroid type, route, and baseline characteristics (Badrinarayanan et al., 2022; Kuley et al., 2020). This aligns closely with the findings of (5), who reported a pooled incidence of 32.1% in a meta-analysis, indicating that approximately one-third of patients treated with IVTA develop a significant IOP rise. (14) Similarly, reported a 13.2% incidence with 2 mg doses and noted that most IOP elevations occurred early, although their lower dose may explain the lower incidence.
In contrast, (15) found a significantly higher incidence of OHT 45% in patients receiving 4 mg IVTA, aligning more with this study's findings, considering the same dosage. Likewise, (2) reported that 46% of patients developed IOP ≥21 mmHg post-injection. The differences between studies may be due to patient demographics, baseline ocular conditions, duration of follow-up, and definitions of OHT.
A similar figure was reported by (Martinez Fernandeez et al., 2024) in a Spanish multicenter cohort, where 36.9% of patients receiving IVTA for branch retinal vein occlusion experienced transient IOP spikes within the first 8 weeks. Importantly, their study revealed that 11.2% of cases required long-term IOP-lowering therapy, underscoring that a significant portion of early spikes can develop into chronic pressure issues if not properly managed.
This study uniquely tracked IOP changes not only at baseline and follow-up but also immediately post-injection, offering insight into acute physiological responses to IVTA. This immediate spike in IOP (mean: 28.42 mmHg) was higher than reported by (Rathi et al., 2023), who found that 90% of patients had IOP < 21 mmHg at 30 minutes post-injection. Such discrepancies could be due to variations in administration technique or pain-induced Valsalva effects, as acknowledged in our study limitations.
The (17) reports have described IOP elevation as the most common adverse event of intravitreal TA. Mild to moderate IOP elevation was seen in 28-42% of patients, typically within the first three months following injection. This condition is usually controlled with topical agents alone. About 1% of patients require surgical treatment. Selective laser trabeculoplasty (SLT) is a treatment alternative or adjunct to medical therapy. These figures validate our local findings and support the idea that socioeconomic status or ethnicity may not significantly alter OHT risk when the same drug and dosage are used.
These findings support the consistency of IVTA-induced OHT incidence across diverse settings, including low-resource environments such as KCMC. The 35% incidence observed in Tanzania underscores the importance of regular IOP monitoring following IVTA.
Our study observed an immediate spike in IOP (mean 28.42 mmHg) post-injection, which reduced gradually over 6 weeks. This biphasic IOP trajectory was also described by (9) in Qatar, who documented a median IOP rise of 13.2 mmHg immediately after IVTA and a partial regression to baseline by week 8. They attributed this trend to acute vitreous volume changes followed by delayed trabecular resistance.
This study showed that mean IOP rose significantly immediately after injection (from 14.6 mmHg to 28.4 mmHg), decreased to 17.75 mmHg at 2 weeks, and stabilized at 17.05 mmHg by 6 weeks. This biphasic pattern of an initial sharp rise followed by partial normalization is consistent with findings from (18) and (19), where IOP spiked immediately post-injection due to volume effect but tapered over weeks.
Furthermore, our study observed a biphasic IOP rise pattern, a sharp immediate post-injection spike (mean 28.4 mmHg), followed by a gradual decline to 17.05 mmHg at six weeks. This aligns with meta-analyses Study done by (20) showing significant IOP increases at 12 and 24 weeks post-IVTA. Persistent or delayed IOP elevations emphasize the need for extended follow-up, especially in high-risk patients.
(1) performed a meta-analysis and reported temporal variations in IOP spikes IOP rose to 33% at one month and declined to 8% at six months post-injection. Similarly, (2) observed maximum IOP levels around 2.77 months post-injection, confirming a transient but significant rise.
(21), in a head-to-head trial of 240 eyes, bevacizumab and IVTA in diabetic macular edema. They reported similar visual gains at 12 weeks but significantly more OHT cases in the IVTA group (27% vs. 4%). Their conclusion emphasized tailored treatment plans based on economic capacity and risk profile.
Unlike many previous retrospective studies (e.g., (22), this study was a prospective cohort study, offering stronger temporal evidence for causality. Additionally, it was conducted in a real-world, resource-limited African setting, making the findings more applicable to similar contexts, where treatment monitoring may be suboptimal due to cost and access barriers.
However, The study done by (23) showed minimal IOP changes, with a peak of 17.04 mmHg at week 2 and a decline to 15.73 mmHg by week 8, and only 1.4% had transient IOP elevation. In our study revealed a sharp IOP spike to 28.42 mmHg immediately post-injection, declining to 17.05 mmHg at six weeks, with 24.5% showing elevated IOP, highlighting a more significant and clinically relevant pressure rise pattern.
One of the major challenges in sub-Saharan Africa is lack of regular follow-up after IVTA. Our study revealed that pressure peaks mostly occur within 2 to 6 weeks an observation supported by (Malik et al., 2023) in Uganda. They found that only 58% of patients returned for their 1-month follow-up, yet 80% of those who developed glaucoma-related changes did so within that window.
The temporal pattern of IOP changes in the current study corroborates global findings, highlighting that most cases of OHT develop within the first six weeks and tend to stabilize or regress, emphasizing the need for vigilant short-term monitoring.
This study identified retinal vein occlusion (RVO) as an independent and statistically significant risk factor for ocular hypertension (OHT) following intravitreal triamcinolone acetonide (IVTA) injection (Adjusted Risk Ratio [ARR] = 3.23; 95% CI: 1.10–9.54; p = 0.033). While lens status and cystoid macular edema (CME) were significant in univariate analysis, their associations lost significance after adjusting for confounders.
These findings closely parallel those reported by (25) in Turkey, who also performed multivariate logistic regression and identified age (p = 0.003), gender (p = 0.014), and higher baseline IOP (p = 0.022) as independent predictors of OHT. Notably, in their study, eyes that had undergone vitrectomy showed a trend toward lower risk (p = 0.054) a variable not assessed in the current analysis due to exclusion criteria.
The absence of a significant association between age or sex in our adjusted model contrasts with (25) findings. This discrepancy may be attributed to differences in sample size, ethnicity, and underlying disease profiles. While our study did find a borderline association with lens status in the crude model (CRR = 1.98, p = 0.018), this effect disappeared upon adjustment, suggesting a possible confounding effect from the indication (RVO or CME), which was more prevalent in certain lens groups.
Another divergence lies in the role of CME, which showed a protective trend in our unadjusted model (CRR = 0.48; p = 0.013) but became non-significant after multivariate adjustment (ARR = 0.71; p = 0.723). This is in contrast to (5), who identified CME as one of the more common underlying conditions associated with steroid-induced OHT. The contradiction might be due to different disease chronicity, inflammation levels, or variability in steroid responsiveness.
Importantly, our finding that RVO independently predicted OHT post-IVTA highlights the need for cautious use of steroids in this subgroup. This may be related to compromised trabecular outflow from underlying ischemia and venous stasis, making the eye more susceptible to steroid-induced aqueous outflow resistance.
This study reaffirms the multifactorial nature of steroid-induced OHT and emphasizes the importance of considering the underlying retinal pathology, especially RVO, when assessing risk. These findings support and complement previous work by (25) and underscore the need for individualized risk stratification before IVTA administration.
As our study used a standard 4 mg IVTA dose, we observed results comparable to global trends. However, recent trials advocate dose adjustments or delivery innovations.
(Peng et al., 2024) compared 2 mg vs. 4 mg doses in uveitic macular edema and found the lower dose significantly reduced IOP elevation without compromising visual outcomes. This suggests micro-dosing may be optimal for high-risk patients.
Emerging drug-delivery systems, such as bioerodible implants studied by (Fernandez-Cobo  et al., 2023), showed slow-release triamcinolone over 90 days without significant pressure rise. While not yet cost-effective for low-income settings, this technology offers a future alternative to minimize pressure-related adverse events.
[bookmark: _Toc171521437]Limitations and Future Research

This study has some limitations. First, follow-up was limited to six weeks, which may not capture later-onset or longer-lasting steroid-related ocular hypertension and limits assessment of long-term visual outcomes. Second, the single-centre design and modest sample size may reduce generalizability to other settings and constrain statistical power to detect smaller associations with risk factors. Third, intraocular pressure was measured using rebound tonometry, which—while practical in routine care—may differ from Goldmann applanation tonometry and could introduce measurement variability. Fourth, unmeasured confounding (e.g., steroid responsiveness, angle configuration, medication adherence, and prior glaucoma risk) may influence the observed relationships. Future research should include multicentre studies with larger cohorts and longer follow-up, standardized definitions that distinguish acute post-injection IOP spikes from sustained ocular hypertension, and evaluation of management strategies suitable for resource-limited settings. Comparative studies of steroid formulations and alternative treatments for macular edema may further inform risk–benefit decisions.

[bookmark: _Toc201688056]Conclusion
This study offers crucial information about the prevalence, trend, and risk factors of ocular hypertension in patients with macular edema at Kilimanjaro Christian Medical Center after intravitreal triamcinolone acetonide (IVTA) injections. The results showed that more than one-third of patients experienced ocular hypertension within six weeks, with the maximum intraocular pressure occurring just after injection. Retinal vein occlusion and phakic lens status were found to be important risk factors, highlighting the necessity of careful monitoring and tailored patient evaluation.The study also emphasizes how IOP elevation tends to peak early and stabilize over time, close monitoring. IVTA has a quantifiable risk of steroid-induced problems despite its therapeutic efficacy and cost benefits, particularly in places with limited resources where access to diagnostic equipment and follow-up care may be limited. Thus, it is crucial to include regular intraocular pressure monitoring, risk assessment prior to injection, and patient education in patients with IVTA delivery. These results enable the creation of useful guidelines suited to low-resource ophthalmic care systems and add significant regional data to the global understanding of IVTA safety.
[bookmark: _Toc171521438][bookmark: _Toc201688057]Recommendations
1. Conduct thorough pre-treatment evaluations for all patients receiving intravitreal triamcinolone acetonide, including assessment of baseline intraocular pressure, lens status, and history of retinal vascular diseases.
2. Implement standardized follow-up protocols with intraocular pressure (IOP) monitoring at baseline, 1 week, and up to 6-8 weeks’ post-injection, especially for high-risk patients.
3. Consider alternative treatments or lower steroid doses for patients at higher risk of ocular hypertension; prophylactic IOP lowering medications may also be appropriate.
4. Enhance patient education and equip eye care units with reliable tonometry tools and ongoing staff training to ensure early detection and management of complications.
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