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Objectives: To detect factors capable of predicting the development of macular edema (ME) throughout the disease course in patients affected by non-infectious uveitis (NIU).

Methods: Predictive factors leading to the development of ME were analyzed through regression analysis. The functional impact of ME on best corrected visual acuity (BCVA) was also examined.

Results: A total of 1,160 NIU patients (1,857 eyes) were analyzed. ME was observed in 148 (12.76%), affecting 211 eyes. It was significantly more frequent in patients with non-anterior NIU (p < 0.0001, RR = 4.01), retinal vasculitis (p < 0.0001), and other structural complications (p = 0.0005). Gender, HLA-B*27 and/or HLA-B*51 positivity, and ethnicity did not show any significant impact on the prevalence of ME (p = 0.635, p = 0.372, p = 0.193, respectively). Four variables were associated with ME development during NIU course: the non–anterior anatomical pattern (p < 0.0001, OR = 4.01), the presence of retinal vasculitis (p = 0.028, OR = 1.68), complications other than ME (p = 0.044, OR = 1.51) and immunosuppressive treatment (p = 0.010, OR 1.69) while the diagnosis of Behçet disease-related uveitis was less likely to be associated with ME development (p = 0.24, OR 0.545). Mean ± SD BCVA was significantly lower in eyes with ME (0.82 ± 0.30) compared to eyes without ME (0.71 ± 0.33).

Conclusion: ME can develop across all NIU types, but is more likely in cases involving the posterior segment and retinal vasculitis. Regular and focused monitoring is recommended for these high-risk patients. The study also highlights the limited predictive value of demographic and HLA-related factors, helping refine clinical risk stratification and predictive modeling in NIU.
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Introduction

Macular edema (ME) consists of intra- or subretinal fluid accumulation in the macular region and represents a severe complication of many disorders affecting the retina, including uveitis. The pathophysiology of ME in uveitis is linked to the Starling equation and disruptions in the delicate balance, due to increased vascular leakage or decreased fluid resorption, which can lead to fluid accumulation, especially in the fovea, followed by the development of ME. Contributing factors to uveitic ME are both inflammatory and structural, including breakdown of the inner blood-retinal barrier, dysfunction of the retinal pigment epithelium (RPE), and the release of pro-inflammatory cytokines, which promote fluid and protein leakage into the extracellular space (1). The condition may result in progressive loss of macular integrity and, consequently, visual loss if treated improperly (1–3). ME emerges as a major cause of visual loss among the various structural complications arising during uveitis, accounting for 40% of visual impairment in patients affected by intraocular inflammation (1). Vision loss is potentially reversible with proper treatments, making timely detection and prompt intervention of paramount importance. However, in some instances, uveitic ME may persist or relapse despite optimal control of intraocular inflammation (4). In this context, identifying predictive factors for the ME development in patients affected by non-infectious uveitis (NIU) is crucial for an early intervention and a personalized treatment approach, to provide valuable insights in detecting high-risk patients prone to visual impairment and ideally anticipating its impact on visual prognosis. Despite the recognized relevance and importance, medical literature on this topic is limited. In the present study, we report our multicenter experience on the factors associated with ME and predictors of its development during NIU, based on a large cohort of patients enrolled in the international Autoinflammatory Disease Alliance (AIDA) registry for Behçet’s disease and in the international AIDA registry for uveitis. This large, real-world registry-based cohort study analyzes the longitudinal development of ME in NIU. It identifies and quantifies key clinical predictors while highlighting underreported non-significant associations and provides practical insights for daily clinical management.



Materials and methods


Study design, participants, and data collection

Medical records of patients affected by NIU, either idiopathic, associated with an immune-mediated systemic disease, or oculo-specific entities, were reviewed. Data, collected retrospectively and prospectively, were retrieved from the AIDA International Network Registries on ocular inflammatory disorders. More specifically, we extracted data collected up to August 18th, 2024, from the international AIDA Network for BD registry and for the Uveitis registry. These registries are clinical physician-driven and electronic-based instruments implemented for the retrospective and prospective collection of real-life data about demographics, socioeconomic status, clinical, laboratory, instrumental, and therapeutic information (5, 6). Uveitis was classified according to the Standardization of uveitis Nomenclature criteria (7). The following data were collected: gender, ethnic origin, age at onset, age at diagnosis, associated systemic disease, human leukocyte antigen (HLA)-typing, ocular complications developed over time from disease onset to the last follow-up visit, retinal vasculitis, best corrected visual acuity (BCVA) measured on Snellen charts and expressed in decimals, uveitis anatomical classification, number of relapses, treatments given throughout disease course. Medical charts with more than 20% of missing values were excluded from the study. Patients with diabetic retinopathy, hypertensive retinopathy, those receiving medications associated with the development of ME, or those who had undergone intraocular surgery or laser treatment within the past 3 months, potentially leading to ME, were excluded from this study. All patients were regularly followed up every 3–6 months or in case of necessity (disease flare and/or safety issues).



Ethical statement

The present study adheres to the principles outlined in the Declaration of Helsinki and received approval from the local Ethics Committee of the University of Siena (Reference no. 14951). All patients or their legal guardians have provided written informed consent.



Aims and endpoints

The primary aim of the study was to identify potential ocular variables associated with the development of ME during the ocular disease course. Secondary aims were established as (i) the identification of demographic and clinical characteristics associated with the occurrence of ME, (ii) predictive factors of ME, (iii) its functional impact, and (iv) the influence of diagnostic delay and ocular relapses in the onset of ME. The primary endpoint was analyzed for potential statistical differences between patients with and without ME according to the following variables: anatomical classification, retinal vasculitis, and the presence of other non-steroid-induced ocular structural complications defined as any complication different from steroid-induced cataract and steroid-induced ocular hypertension. Secondary aims were examined by (i) detection of any statistical significant difference between patients with and without ME according to gender, ethnicity, associated systemic disease, positivity of HLA-B*27 and/or HLA-B*51, (ii) binary logistic regression used to detect predictive factors of the development of ME, (iii) any difference in BCVA between patients with and without ME, and (iv) and potential differences in mean diagnostic delay and mean uveitis relapses between groups. The diagnosis of ME was based on clinical, OCT, and/or angiographic findings (increased retinal thickness >300 μm on OCT), the presence of cystoid spaces, and subretinal fluid accumulation visible on OCT or fluorescein angiography. The diagnosis of retinal vasculitis was based on angiographic findings.



Statistical analysis

Data was analyzed using IBM SPSS Statistics for Windows (IBM Corp., Armonk, NY, US). The Shapiro–Wilk test was used to assess the normality distribution of continuous variables. Mean and standard deviation (SD) or median and interquartile range (IQR) as necessary were employed for quantitative variables, while qualitative variables are reported as absolute frequencies and percentages. Cross-tables were analyzed by Pearson’s Chi-square test, and contingency tables with dimensions greater than 2×2 were also followed by post-hoc analysis with adjusted residuals, while differences in mean/median between groups were tested with the Mann–Whitney U test. The odds ratio (OR) with a 95% confidence interval (CI) was calculated in cases of significant results in the Chi-square test, to quantify the odds of ME between two different groups. Potential predictors of ME development were identified by binary logistic regression with the backward stepwise method. The significance threshold was established at a p-value of 0.05, and all tests were two-sided.




Results

We enrolled 1,160 NIU patients representing a total of 1857 eyes, with a female-to-male ratio of 1.32. The ocular involvement was bilateral in 697 cases and unilateral in 463 patients. The ethnic origin was composed mainly of Caucasian (n = 770) and Hispanic (n = 188) patients, followed by Arab (n = 94), African (n = 10), Asian (n = 10) patients, other (n = 4), and unspecified (n = 84). Figure 1 displays the cohort selection process and patients excluded from the study for any specific reason. The mean ± SD [median (IQR)] age at the onset of the entire cohort was 33.29 ± 21.39 [32.10 (36.20)] years. The distribution of age at onset according to pre-established age groups is shown in Figure 2. Table 1 lists demographic and clinical features. Regarding the associated systemic immune-mediated diseases, 525 (45.26%) patients were considered to have idiopathic NIU, followed by BD (n = 236, 20.34%), juvenile idiopathic arthritis (n = 120, 10.34%), and seronegative spondyloarthritis (n = 113, 9.7%). Figure 3 details all the associated immune-mediated systemic diseases as well as oculo-specific entities. Overall, ME was observed in 148 (12.76%) patients (211 eyes) throughout the disease course, of whom 24 had concurrent macular epiretinal membranes (MER). Macular epiretinal membranes were registered in 45 patients (3.9%) in the entire cohort. The 24 patients with concurrent ME and MER were excluded from the final statistical analysis to avoid a possible non-uveitic origin of ME. ME was found to be significantly more frequent among patients with non-anterior NIU (p < 0.0001). The OR for non-anterior NIU was 4.65, CI (2.96–7.28). Patients with anterior uveitis developed ME in 4.3% of cases, while the subgroups with pars planitis/intermediate uveitis, posterior uveitis, and panuveitis experienced ME in 15.3, 16.6 and 18.6%, respectively. ME was significantly more prevalent in patients with retinal vasculitis (OR 2.89, CI 1.86–4.46, p < 0.0001) and in patients presenting with other non-steroid-induced structural complications (OR 1.95, CI 1.34–2.85, p = 0.0005). Patients with an associated systemic immune-mediated disease were significantly less likely to experience ME during the NIU course (OR 0.68, CI 0.46–0.99, p = 0.042). NIU cases not associated with an immune-mediated systemic disease received fewer immunosuppressive treatments than those associated with a systemic immune-mediated disease (p < 0.0001). No significant differences were detected in terms of gender (p = 0.635), ethnicity (p = 0.193), HLA-B*27 or HLA-B*51 positivity (p = 0.323) between NIU patients without and with ME. Table 2 provides details regarding the absolute frequency of ME across several variables, along with their respective level of significance. Four variables were associated with the development of ME during NIU disease course: the non –anterior anatomical pattern (OR = 4.01, CI 2.41–6.67, p < 0.0001), the presence of retinal vasculitis (OR = 1.69, CI 1.06–2.67, p = 0.028), complications other than ME (OR = 1.51, CI 1.01–2.56, p = 0.044), and treatment with immunosuppressive agents during follow-up (OR 1.686, CI 1.131–2.514, p = 0.10). On the other hand, the diagnosis of BD-related uveitis is associated with a decreased likelihood of ME development compared to idiopathic NIU (OR 0.545, CI 0.32–0.92, p = 0.024). Mean ± SD BCVA was significantly lower in eyes with ME (0.82 ± 0.30) compared to eyes without ME (0.71 ± 0.33) (p < 0.0001). The median (IQR) diagnostic delay and the median (IQR) overall number of uveitis relapses experienced during the disease course were not significantly different between patients with and without ME (p = 0.472, p = 0.321, respectively).

[image: Flowchart illustrating the AIDA Network's BD and Uveitis registries. Left: BD registry with 1,254 patients enrolled, 443 with uveitis, reduced to 236 after excluding charts with over 20% missing values. Right: Uveitis registry with 1,063 patients, reduced to 924 after similar exclusions.]

FIGURE 1
 Chart showing the selection process for the patients enrolled. AIDA, Autoinflammatory Disease Alliance; NIU, non-infectious uveitis.


[image: Bar chart showing the distribution of different conditions. Idiopathic NIU leads with 548 cases, followed by BD with 236, and JIA with 120. Other conditions include SpA (82), Oculo-specific entities (53), PSA (31), IBD (23), and several others with fewer cases, down to Sweet syndrome and Susac syndrome with 1 case each. Bars are in orange, labeled with case numbers on top.]

FIGURE 2
 Dsitrubtion of age at onset for pre-established age groups, expressed in years.



TABLE 1 Demographic and clinical characteristics for each subgroup were examined as well as for the entire cohort.


	
	NIU
	BD-uveitis
	Overall cohort

 

 	n of patients 	924 	236 	1,160


 	Mean ± SD age at onset (years) 	33.26 ± 22.52 	33.50 ± 13.30 	33.29 ± 21.39


 	Median (IQR) diagnostic delay (years) 	0 (0.1) 	0.5 (2) 	0 (0.2)


 	Female/Male 	581/343 	80/156 	661/499


 	Laterality 	Monolateral (n = 380)
 Bilateral (n = 544) 	Monolateral (n = 83)
 Bilateral (n = 153) 	Monolateral (n = 463)
 Bilateral (n = 697)


 	Anatomical Pattern* (n of eyes, %) 	AU (n = 545, 59.0%)
 IU (n = 78, 8.4%)
 PU (n = 80, 8.7%)
 PaU (n = 221, 23.9%) 	AU (n = 53, 22.4%)
 IU (n = 20, 8.5%)
 PU (n = 83, 35.2%)
 PaU (n = 80, 33.9%) 	AU (n = 598, 51.6%)
 IU (n = 98, 8.5%)
 PU (n = 163, 14.0%)
 PaU (n = 301, 25.9%)





AU, anterior uveitis; BD, Behçet’s disease; IU, intermediate uveitis; NIU, non-infectious uveitis not associated with BD; PanU, panuveitis; PU, posterior uveitis; SD, standard deviation.
 

[image: Pie chart depicting age group distribution. Ages zero to sixteen make up twenty-nine percent, seventeen to thirty are nineteen percent, thirty-one to forty-five are twenty-two percent, forty-six to sixty-four are twenty-two percent, and over sixty-five are eight percent.]

FIGURE 3
 Associated systemic diseases and oculo-specific entities. IBD, inflammatory bowel disease; JIA, juvenile idiopathic arthritis; NIU, non-infectious uveitis; SpA, Spondyloarthritis; TINU, Tubulointerstitial nephritis and Uveitis; SLE, systemic lupus erythematosus; VKH, Vogt-Koyanagi Harada. *Human Leukocyte Antigen-B*27-associated uveitis (n = 6), Birdshot retinochoroiditis (n = 6), Punctate Inner Choroidopathy (n = 4), Serpiginous choroiditis (n = 2), Sympathetic ophthalmia (n = 1), Idiopathic retinal vasculitis, aneurysms and neuroretinitis (IRVAN) (n = 1), not specified (n = 6).



TABLE 2 Frequency of macular edema according to different variables taken into consideration.


	Variable
	ME+
	ME−
	p-value

 

 	Anterior uveitis 	26 	572 	<0.0001


 	Non anterior uveitis 	98 	464


 	Retinal vasculitis 	35 	124 	<0.0001


 	No retinal vasculitis 	89 	912


 	Other ocular complications 	74 	447 	0.0005


 	Absence of other ocular complications 	50 	589


 	Males 	56 	443 	0.635


 	Females 	68 	589


 	HLA-B*27 or HLA-B*51 positivity 	11 	123 	0.323


 	HLA-B*27 or HLA-B*51 negativity 	113 	913





HLA, human leukocyte antigen; ME, macular edema.
 



Discussion

Macular edema (ME) plays a major role in visual impairment in NIU patients, making it a pivotal factor in disease management. It is also an underestimated public health issue with a major impact on the quality of life and working ability (1). In our cohort, approximately 13% of all patients developed ME over the course of NIU disease, with the majority of them presenting a non-anterior pattern. Indeed, from an anatomical perspective, the site of inflammation less frequently associated with the development of ME was the anterior segment. More specifically, only 4.3% of patients with anterior uveitis developed ME during their disease course, whereas patients with intermediate uveitis/pars planitis, posterior uveitis, and panuveitis experienced concurrent ME in 15.3, 16.6 and 18.6% of cases, respectively. Alongside the lower prevalence, patients with anterior uveitis appear to present a more favorable prognosis. Matas et al. found that the anterior location carries a higher chance of sustained visual recovery. Eyes with anterior uveitis exhibited more readily sustained gains in vision than those with intermediate, posterior, or panuveitis (8). In our cohort, the anatomical pattern of uveitis was also the strongest predictor of ME development in the multivariate analysis, with non-anterior NIU patients displaying a likelihood of roughly 4 times greater than patients with anterior uveitis. Patients with retinal vasculitis were also more likely to develop ME throughout the disease course. This finding aligns with previous data reporting twice the risk (HR 2.2) of ME in NIU with retinal vasculitis compared to eyes without retinal vasculitis (9). In this regard, from a pathogenetic point of view, vascular damage results in loss of vessel wall integrity and subsequently leads to the retinal extracellular space with cystoid ME development (10). We found a significantly higher rate of ME in idiopathic NIU and NIU related to oculo-specific entities compared to NIU associated with systemic immune-mediated diseases. This finding was corroborated in the regression analysis, where patients with BD-related uveitis were found to be less likely to develop ME during follow-up analysis. A possible explanation could be that patients affected with systemic immune-mediated diseases significantly received more immunosuppressants than patients with idiopathic NIU, potentially altering disease course. Similarly, the presence of non-steroid ocular induced complications and treatment with immunosuppressive agents were associated with a significantly higher occurrence rate of ME, possibly reflecting a suboptimal treatment strategy and/or a more severe ocular disease. The association of a higher prevalence of ME in cases treated with immunosuppressive agents likely indicates a confounding by indication, as more severe patients are more prone to develop ME and to receive aggressive immunosuppressive treatment. Therefore, the higher rate of ME among patients on immunosuppressants does not imply a causal relationship but rather underscores the severity of the underlying disease. As a consequence, immunosuppressive treatment remains protective; however, its benefits could be masked in observational data due to this confounding. Neither gender, ethnicity, nor HLA typing significantly impacted the occurrence rate of ME, highlighting a minor influence of these factors on the development of ME throughout the disease course. Taken together, these findings suggest that ME is significantly more prone to complicate the disease course in NIU patients with posterior segment involvement, supporting the hypothesis of the local pathogenesis theory, while extra-ocular factors appear to be less relevant. The myriad of inflammatory mediators modify the equilibrium of the retinal milieu, leading to a loss of integrity of the inner and/or outer blood retinal barrier, followed by fluid accumulation. In addition, measurements of cytokine and chemokine levels in aqueous humor in uveitis patients with and without ME have revealed high levels of IL-6 (11, 12). This finding could also open new avenues from a therapeutic perspective, considering the superiority of IL-6 blockers in determining a complete response to uveitic ME compared to anti-TNF-α monoclonal antibodies (13). Regarding visual acuity, as expected, ME determined a significant impact on BCVA measured at the last follow-up visit. In a large cross-sectional study on the impact of uveitic ME on visual acuity, 44% of patients with ME had a visual acuity of 20/60 or less in at least one eye (14). ME is undoubtedly a major determinant of poor visual acuity, accounting for 40% of cases with visual impairment in uveitis patients (1). There is a growing recognition that considers ME as part of the active disease process during uveitis rather than merely a structural complication. The elevated cytokine and chemokine levels observed in the aqueous humor of uveitis patients with ME imply an inflammatory origin directly tied to uveitis activity (15, 16). In addition, uveitic ME may also reflect the persistence of an underlying ongoing inflammatory process, regardless of the overall number of uveitis relapses. Furthermore, according to our current data, the frequency of ocular relapses does not correlate with an increased occurrence of ME. Therefore, an important consideration would be to view ME as influenced by factors other than inflammatory intraocular attacks, such as chronic or subclinical inflammation. Whether ME is considered part of the active disease process or as a structural complication, its management is pivotal in preventing long-term visual impairment, and a prompt intervention is required to avoid irreversible changes in retinal layers. Specific conditions, such as posterior segment involvement and retinal vasculitis, could serve as drivers to assist physicians in making therapeutic decisions and orienting a step-down approach rather than the more commonly adopted step-up choice. Several study limitations should be mentioned. First, registry-based studies are accompanied by inherent shortcomings such as differences in patient management practices across centers and the lack of standardized follow-up protocols. Secondly, detailed therapeutic data and outcome measures related to treatment response were not retrieved. As a consequence, the impact of each therapeutic agent and its influence as a confounding factor were not assessed. Thirdly, the heterogeneity of the cohort in terms of various underlying diagnoses, while enhancing external validity and reflecting real-life clinical practices, introduces variability in disease pathophysiology, treatment responses, and risk profiles for ME. Another limitation of the present study is the lack of detailed data on OCT imaging and fluorescein angiography, such as RPE abnormalities, site of leakage, and type of retinal vasculitis, which are key markers that could predict ME and/or influence its persistence. Finally, data are mainly collected from reference tertiary referral centers, which examine patients with a more severe disease course, thus generating a potential referral bias and missing a considerable portion of milder cases. This aspect may overestimate the occurrence of ME and/or the strength of association with certain clinical features, limiting the applicability of the findings to populations seen in primary or secondary care settings.

In summary, ME can occur in all NIU subtypes, including anterior uveitis, and complicate the disease course in such patients. However, it is more likely to occur in cases with posterior segment involvement or panuveitis and in patients with retinal vasculitis. Therefore, this subgroup of patients should be carefully monitored on a tight follow-up schedule in order to initiate effective treatment, aiming to prevent the development of ME and subsequent progressive visual loss.
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