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Abstract

Objective—To evaluate the risk of and risk factors for retinal neovascularization (NV) in cases 

of uveitis.

Design—Retrospective cohort study.

Participants—Patients with uveitis at four US academic ocular inflammation subspecialty 

practices.

Methods—Data were ascertained by standardized chart review. Prevalence data analysis used 

logistic regression. Incidence data analysis used survival analysis with time-updated covariates 

where appropriate.

Main Outcome Measures—Prevalence and incidence of NV.

Results—Among uveitic eyes of 8931 patients presenting for initial evaluation, 106/13,810 eyes 

had NV (prevalence=0.77%, 95% confidence interval (CI): 0.60%–0.90%). Eighty-eight more 

eyes developed NV over 26,465 eye-years (incidence=0.33%/eye-year, 95% CI: 0.27–0.41%). 

Factors associated with incident NV include age <35 as compared to >35 years (adjusted hazard 

ratio (aHR) = 2.4, 95% CI: 1.5–3.9), current cigarette smoking (aHR=1.9, 95% CI: 1.1–3.4), and 

systemic lupus erythematosus (aHR=3.5, 95% CI: 1.1–11). Recent diagnosis of uveitis was 

associated with an increased incidence of NV (compared to patients diagnosed >5 years ago, 

aHR=2.4 (95% CI 1.1–5.0) and aHR=2.6 (95%CI 1.2–6.0) for diagnosis within <1 year vs. 1–5 

years respectively). Compared to anterior uveitis, intermediate uveitis (aHR=3.1, 95% CI: 1.5–

6.6), posterior uveitis (aHR=5.2, 95% CI: 2.5–11), and panuveitis (aHR=4.3, 95% CI: 2.0–9.3) 

were associated with a similar degree of increased NV incidence. Active (aHR=2.1, 95%CI: 1.2–

3.7) and slightly active (aHR=2.4, 95%CI: 1.3–4.4) inflammation were associated with an 

increased incidence of NV as compared to inactive inflammation. NV incidence also was 

increased with retinal vascular occlusions (aHR=10, 95% CI: 3.0–33), retinal vascular sheathing 

(aHR=2.6, 95% CI: 1.4–4.9), and exudative retinal detachment (aHR=4.1, 95% CI: 1.3–13). 

Diabetes mellitus was associated with a somewhat increased incidence of retinal NV (aHR=2.3, 

95% CI: 1.1–4.9); and systemic hypertension (aHR 1.5; 95% CI:0.89–2.4) was associated with 

non-significantly increased NV incidence. Results were similar in sensitivity analyses excluding 

the small minority of patients with diabetes mellitus.

Conclusions—Retinal neovascularization is a rare complication of uveitis, which occurs more 

frequently in younger patients; smokers; and those with intermediate/posterior/panuveitis, 

systemic vasculopathy and/or retinal vascular disease; and active inflammation. Inflammation and 

retinal neovascularization likely are linked; additional studies are needed to further elucidate this 

connection.
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Introduction

Patients with uveitis can develop retinal neovascularization (NV), putatively through 

ischemic and inflammatory mechanisms, and in association with a number of systemic 

conditions1,2. The literature contains case series of retinal NV in association with Behçet 

Disease3, juvenile idiopathic arthritis2, sarcoidosis4, pars planitis5, Eales’ disease6, Crohn’s 

disease7, systemic lupus erythematosus8 (SLE) and idiopathic retinal vasculitis9, 10. Some of 

these cases had retinal ischemia demonstrated on fluorescein angiography, but others had no 

demonstrable retinal ischemia.

The current paradigm for the development of retinal NV posits that ischemic retina releases 

pro-angiogenic molecules such as vascular endothelial growth factor (VEGF); these 

molecules stimulate the growth of abnormal vessels.11, 12 In addition, there is now 

substantial evidence implicating inflammation in pathologic angiogenesis. Tumors that 

incite inflammation stimulate angiogenesis more than tumors without inflammation.13 In the 

retina, capillary nonperfusion from diabetes is associated with leukostasis, increased 

vascular permeability, and increases in pro-inflammatory transcription factors and cytokines 

such as tumor necrosis factor alpha (TNF-α), interleukin 1-beta (IL-1β), interleukin 6 (IL-6), 

and interleukin 8 (IL-8).12, 14 In animal models of proliferative diabetic retinopathy, 

monocytes were found in neovascular fronds, and inhibition of monocytes led to a reduction 

in neovascularization.15 These observations suggest that inflammation may contribute to 

many neovascular diseases. However, despite significant intraocular inflammation, clinical 

impression suggests that only a small proportion of patients with uveitis develop retinal NV.

In an effort to better characterize the risk of retinal NV in the context of uveitis, here we 

report the prevalence, incidence and systemic and ocular risk factors associated with retinal 

NV in a large cohort of patients with uveitis.

Methods

STUDY POPULATION

The design of the Systemic Immunosuppressive Therapy for Eye Diseases (SITE) Cohort 

Study has been detailed elsewhere.16 In brief, the SITE Cohort Study is a retrospective 

cohort study of patients with inflammatory eye diseases seen at five tertiary ocular 

inflammation centers in the United States from the inception of these centers. One of these 

centers often used a co-management approach, which resulted in a different pattern of 

ascertainment of some clinical outcomes than the other four centers. Patients reported here 

were seen between 1978 and 2007 at the other four centers. Only data from patients with 

non infectious uveitis were included in this report; patients with known HIV infection had 

been excluded from the parent study.

DATA COLLECTION

Information on patients with inflammatory eye disease was entered into a database from 

clinic medical records using a computer-based standardized data entry form set specifically 

prepared for the SITE Cohort Study, with quality control checks requiring real-time error 
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correction, so as to optimize data quality. In some previous reports from the parent study, 

enrollment at the largest site was limited to an approximate 40% random sample of patients 

due to logistical and funding constraints; however, data entry was subsequently completed, 

and the entire population was used in this analysis.

Data collected and used in this analysis include: demographic characteristics, ocular 

inflammatory diagnoses, diagnosis of systemic inflammatory disease(s), ophthalmologic 

examination findings, and ocular surgeries. HLA-B27 and HLA-A29 status, which had been 

tested when clinically indicated based on symptoms and clinical findings, also were 

considered. The possibility of systemic inflammatory disease diagnoses coexisting with 

ocular inflammation had been aggressively pursued by routine questioning; laboratory 

testing and consultations were obtained when indicated. Systemic inflammatory diagnoses 

specifically evaluated in the study included Behçet Disease, Cogan’s Syndrome, Crohn’s 

Disease, dermatomyositis, erythema nodosa, familial systemic granulomatosis, juvenile 

idiopathic arthritis, mucous membrane pemphigoid, polyarteritis nodosa, polymyositis, 

rheumatoid arthritis, relapsing polychondritis, sarcoidosis, systemic lupus erythematosus 

(SLE), scleröderma, Sjogren’s Syndrome, spondyloarthropathies, temporal arteritis, 

Takayasu’s Disease, ulcerative colitis, and granulomatosis with polyangiitis. For several of 

the rarer of these conditions, few cases had been identified even in this large cohort, limiting 

the ability to assess association with retinal NV risk. Ophthalmologic examinations at each 

visit documented inflammatory disease activity and the presence of inflammatory disease 

sequelae including macular edema, epiretinal membrane, exudative retinal detachment, 

presence of active inflammatory chorioretinal lesions, choroidal neovascularization, 

presence of vitreous snowballs, retinal vascular sheathing and retinal vascular occlusion.

MAIN OUTCOME MEASURES

For the purposes of the study, diagnosis of retinal NV required documentation of 

visualization of the NV clinically or via ancillary studies; patients with vitreous hemorrhage 

alone were not classified as having NV, neither was vitreous hemorrhage required for 

diagnosis of NV. While diagnosis of retinal NV could be made or confirmed by fluorescein 

angiography, ancillary testing was not required for the diagnosis to be accepted, consistent 

with reporting criteria for retrospective data adopted in the field of uveitis.17

STATISTICAL ANALYSIS

The overall prevalence of retinal NV was determined at cohort entry as the proportion of 

eyes with retinal NV out of all eyes with uveitis. Using logistic regression, crude and 

adjusted odds ratios were calculated for each demographic, systemic or ocular factor. 

Relationships to the demographic, systemic and ocular factors listed above are reported as 

crude and adjusted odds ratios (cOR and aOR, respectively).

The incidence of retinal neovascularization was calculated for all eyes free of retinal NV at 

cohort entry and with at least one follow-up evaluation as a rate per eye-year, censoring 

follow up at either the point where retinal NV was diagnosed or as of the last visit free of 

retinal NV. Cox proportional hazard models were used to calculate crude hazard ratios 

(cHR) and adjusted hazard ratios (aHR) for incident NV in relation to the demographic, 
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systemic and ocular factors listed above. Because characteristics such as the degree of 

activity could change over the course of the study, the same eye could exist in more than one 

category; each interval of follow-up time was assigned to the appropriate category in a time-

varying manner.

All adjusted models omitted variables that neither were associated with the outcome nor 

were judged scientifically relevant, in the interest of parsimony. Final models were adjusted 

for primary ocular location of inflammation, SLE, bilateral inflammation, smoking status, 

diabetes mellitus, systemic hypertension, age category, time from diagnosis and gender. 

Proportions and rates are presented along with 95% confidence intervals (CIs), accounting 

for non independence of eyes of the same person using standard methods. Because patients 

with diabetes mellitus can develop retinal neovascularization from proliferative diabetic 

retinopathy, a sensitivity analysis (not shown) was conducted excluding all patients with 

diabetes; the results were similar.

In cases where there were zero events in a group being examined, we were unable to 

estimate a 95% CI using Wald confidence intervals following our standard method of 

analysis. To get a population without the clustering of the two eyes of bilaterally uveitic 

patients we randomly selected 1 eye from each patient and found the 95% CI using the 

profile likelihood method. To get a more accurate and stable upper limit to the confidence 

interval for these variables with zero events, we took 100 random samples of one eye per 

patient. What is reported is the mean upper limit for the confidence interval of those 100 

randomly selected populations. We tested this method in some of the variables where we 

were able to compute a Wald CI, and the results were more conservative than the Wald CI.

All statistical analyses were performed using SAS version 9.2 (SAS Institute, Cary, North 

Carolina, USA).

The Institutional Review Boards of each institution granted approval for this p roject, 

including a waiver of consent allowing all patients living and deceased to be included. The 

project was conducted in accordance with the principles of the Declaration of Helsinki.

Results

CHARACTERISTICS OF THE STUDY POPULATION

13,704 eyes from 8931 patients with uveitis were included in the analysis of prevalence. The 

median age was 41 years with a 25th–75th percentile range (IQR) of 29 to 53 years. The 

population was 63% female. Eyes with anterior uveitis accounted for 57% of the population, 

while 16% had intermediate, 15% had posterior, and 11% had panuveitis. At the time of 

entry into the study, 45% of these eyes were classified as having active and 14% slightly 

active uveitis. Eleven percent of patients were known to be HLA-B27 positive.

PREVALENCE OF RETINAL NEOVASCULARIZATION

Among the 13,704 eyes, 106 presented with retinal NV, yielding a prevalence of 0.77% 

(95% CI: 0.60%–0.90%). Eyes presenting with retinal NV were more likely to belong to 

subjects younger versus older than 35 years of age (aOR = 2.0, 95% CI 1.2–3.4; see Table 
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1), and to be associated with bilateral inflammation (2.6; 1.3–5.3). Eyes diagnosed with 

uveitis between 1 and 5 years prior to presentation were more likely to have retinal NV than 

those diagnosed more than 5 years prior (aOR = 2.2, 95%CI 1.0 – 4.6). However, those eyes 

with less than 1 year since diagnosis did not carry a statistically significantly increased risk 

(aOR = 1.7, 95%CI 0.81 – 3.6). Patients with slightly active inflammation were more likely 

to have NV (aOR = 2.3; 95%CI 1.2–4.6) as compared to patients with inactive inflammation 

(reference group). Patients with active inflammation had a higher prevalence in the 

unadjusted analysis (crude OR = 2.1; 95% CI 1.2–3.8) but this association was not 

significant after adjustment for other variables (aOR = 1.5; 95%CI 0.84–2.6). Diabetes 

mellitus (aOR=1.4, 95%CI: 0.61–3.2) and hypertension (aOR= 1.3, 95%CI: 0.71 – 2.4) were 

not significantly associated with retinal NV in the prevalence analysis. Data regarding 

prevalence and risk for additional conditions of interest which were not associated with 

retinal NV are given in Table 2 (available online at http://aaojournal.org).

More posteriorly located inflammation was associated with a higher prevalence of retinal 

NV. The prevalence of retinal NV was 0.1% in eyes with anterior uveitis, 1% in eyes with 

intermediate uveitis, 2.4% in eyes with posterior uveitis, and 1.3% in eyes with panuveitis. 

As compared with anterior uveitis, intermediate uveitis carried an aOR of 4.5 (95%CI 1.9–

10), posterior uveitis 12 (95%CI 5.9–26), and panuveitis 6.6 (95%CI 2.8–15). Amongst eyes 

with posterior or panuveitis, those with retinal vasculitis had the highest prevalence of 

retinal NV (5.7%, 95%CI: 4.1%–7.7%). Prevalence for additional posterior or panuveitis 

subtypes is given in Table 3 (available online at http://aaojournal.org).

Other retinal findings positively associated with prevalent retinal NV included macular 

edema (aOR = 2.1, 95%CI 1.2 – 3.5) and epiretinal membrane (aOR = 4.5; 95%CI 2.6–7.8). 

Retinal vascular occlusions (aOR = 4.7, 95%CI 1.9 – 11) were present significantly more 

often in eyes presenting with retinal NV but retinal vascular sheathing was not associated in 

the prevalence analysis (aOR = 1.1; 95%CI 0.55–2). Presence of snowballs in the vitreous 

was associated with a slightly decreased prevalence of NV (aOR = 0.30; 95%CI 0.10–0.98) 

as was the presence of active inflammatory chorioretinal lesions (aOR = 0.40; 95%CI 0.18–

0.92). Choroidal NV tended to be associated with increased odds of NV, but the association 

was not statistically significant in the adjusted model (crude OR = 6.9, 95%CI: 2.5–19; 

aOR=2.7, 95%CI: 0.90 – 8.1). Exudative retinal detachment also was associated with 

increased crude odds but not significantly increased adjusted odds of prevalent NV (crude 

OR = 4.1, 95%CI: 1.7–10; aOR=2.1, 95%CI: 0.83–5.5).

INCIDENCE OF RETINAL NEOVASCULARIZATION

Among the 13,704 eyes included in the prevalence analysis, the 8,487 which did not have 

retinal NV at entry and had at least one follow-up visit were evaluated over time for 

incidence of retinal NV. Demographic and clinical characteristics of the prevalence and 

incidence cohorts were similar (data not shown).

Over 26,465 eye-years (median follow-up 1.4 eye-years), 88 eyes developed retinal NV 

(Incidence rate=0.33% per eye-year, 95% CI: 0.27–0.41%; see Figure 1). As in the 

prevalence analysis, patients younger than 35 years were more likely to develop retinal NV 

than older patients (adjusted hazard ratio = 2.4; 95% CI 1.5–3.9; see Table 4). Diagnosis of 
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uveitis within the last five years was associated with an increased prevalence of NV 

(compared to patients diagnosed >5 years ago) with diagnosis less than 1 year carrying an 

adjusted odds ratio of 2.1 (95% CI 0.99–4.3) and diagnosis between 1 and 5 years carrying 

an adjusted odds ratio of 2.6 (95%CI 1.2 – 5.5). Bilateral inflammation also was 

significantly associated with higher risk of retinal NV in the unadjusted model (cHR = 3.3; 

95% CI 1.6–6.8), but unlike the result in the prevalence analysis, the association fell just 

below the level of statistical significance in the adjusted model (aHR = 2.0; 95% CI 0.95–

4.2).

The incidence analysis also confirmed that diagnosis with a form of inflammation involving 

the posterior segment of the eye was associated with higher risk of retinal NV. The 

incidence rate per eye-year of developing retinal NV was 0.11 for anterior uveitis, 0.44% for 

intermediate uveitis, 0.68% for posterior uveitis, and 0.60% for panuveitis. In comparison 

with anterior uveitis, intermediate uveitis carried an aHR of 3.1 (95% CI: 1.5–6.6), posterior 

uveitis 5.2 (95% CI: 2.5–11), and panuveitis 4.3 (95% CI: 2.0–9.3) (see Figure 2). Several 

posterior segment complications of posterior inflammation also were associated with 

increased risk of retinal NV, including exudative retinal detachment (aHR=4.1; 95% CI 1.3–

13), retinal vascular occlusions (aHR=10; 95% CI 3.0–33) and vascular sheathing (aHR = 

2.6; 95% CI 1.4–4.9; the last in contrast to the prevalence analysis). There was no 

statistically significant association between choroidal NV and retinal NV in the incidence 

analysis (aHR=4.1; 95% CI 0.46–36), both of which were uncommon events. Unlike in the 

prevalence analysis, presence of snowballs was associated with an increased risk of retinal 

NV, although this fell just at the level of significance (aHR = 2.3; 95%CI 1.0–5.4). Active 

inflammatory chorioretinal lesions, which were associated with decreased risk in the 

prevalence analysis, also tended to be associated with lower risk in this incidence analysis, 

but not to a statistically significant degree (aHR = 0.16; 95%CI 0.020–1.2).

Using a time-updated analysis approach, active inflammation—whether graded as overall 

activity or according to grading of anterior chamber cells, vitreous cells, or vitreous haze—

tended to be associated with greater incidence of retinal NV. In comparison with an overall 

activity grading of inactive, a grading of active was associated with an increased risk (aHR = 

2.1; 95%CI 1.2–3.7) as was a grading of slightly active (aHR = 2.4; 95%CI 1.3–4.4). 

Gradings of anterior chamber cells showed a dose-response relationship with stronger 

association at higher gradings. While 0.5+ and 1+ anterior chamber cell grades were not 

associated with increased risk, 2+ cell was associated with higher risk (aHR = 2.7; 95%CI 

1.2–6.0) as was 3+ cells (aHR = 3.9; 95%CI 1.3 – 11). Vitreous cell was only associated at 

the 1+ level with a crude hazard radio of 2.3 (95%CI 1.3 – 4.2) however this relationship 

dropped below the level of significance in the adjusted analysis. 1+ vitreous haze was 

associated with a higher risk (aHR = 2.3; 95%CI 1.1–5.0) however this association was not 

seen at higher gradings. The numbers of eyes in the higher vitreous cell and vitreous haze 

groups was small which may limit the ability to detect associations. (Complete data omitted 

from print Table 4, but available in online Table 5, available at http://aaojournal.org).

The power of the study to detect associations with systemic inflammatory diseases was 

limited by the relatively small numbers of patients with several of the systemic conditions. 

Nevertheless, diagnosis with systemic lupus erythematosus (aHR = 3.5; 95% CI 1.1–11) or 

Patel et al. Page 7

Ophthalmology. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://aaojournal.org


polyarteritis nodosa (aHR = 7.2; 95% CI: 1.2–44) was associated with a significantly 

increased risk of retinal NV.

Amongst eyes with posterior or panuveitis, those with retinal vasculitis had the highest 

incidence of retinal NV (2.0% per eye-year, 95%CI: 1.3–3.0%). As compared to the 

incidence rate for anterior uveitis of 0.11% per eye-year, Vogt-Koyanagi-Harada Syndrome 

was also associated with a higher than average incidence of retinal NV (1.0% per eye-year, 

95%CI 0.37–2.2%) (Table 6, available online at http://aaojournal.org). Several systemic 

disease conditions of interest such as granulomatosis with polyangiitis (previously known as 

Wegener’s granulomatosis) and Takayasu arteritis were too infrequent to assess association 

with incident retinal NV with reasonable power. No association was detected for the other 

conditions assessed (see Table 5).

Regarding risk factors for systemic vascular disease, current cigarette smoking was 

associated with an almost two-fold increased incidence of retinal NV (aHR = 1.9; 95% CI: 

1.1–3.4) and there was a non-significant tendency towards higher retinal NV risk with prior 

cigarette smoking (aHR = 1.7; 95% CI: 0.79–3.7). Hypertension tended to be associated 

with greater risk of retinal NV, but not to a statistically significant degree (aHR 1.5; 95% CI:

0.89–2.4). Diabetes mellitus also carried an increased risk (aHR = 2.3; 95%CI 1.1–4.9) 

unlike in the prevalence analysis. When eyes of patients with diabetes mellitus were 

excluded in a sensitivity analysis, all results were similar (data not shown).

Discussion

Retinal NV was an infrequent (though clinically important) complication in our cohort of 

tertiary uveitis cases, which was associated with several risk factors that may be relevant to 

understanding the pathogenesis of the condition and predicting risk in cases of uveitis. In 

other disease conditions, retinal neovascularization occurs most commonly in response to 

retinal ischemia. In this study, factors representing retinal ischemia (including retinal 

vascular occlusions, systemic lupus erythematosus, and cigarette smoking) were associated 

with increased risk of retinal NV. Previous reports from members of this group have shown 

that current smoking is associated with an increased risk of disease recurrence, as well as 

increased severity and greater likelihood for bilateral disease18 suggesting that smoking may 

affect ocular inflammation as well as having adverse vascular effects. Smoking is a risk 

factor for choroidal neovascularization in age-related macular degeneration,19 suggesting a 

potentially proangiogenic effect of some component of tobacco smoke, which our data tend 

to support. However, even after adjustment for these ischemic risk factors, inflammatory 

activity continued to be significantly associated with risk of neovascularization. This 

observation suggests that ischemia does not entirely explain the incidence of retinal NV in 

the setting of uveitis.

At a molecular level, inflammation works in concert with ischemia in promoting 

neovascularization. In diabetes, inflammatory molecules such as interleukin 1-beta (IL-1β) 

have a role in promoting apoptosis of endothelial cells.20 Some of the same cytokines which 

cause capillary loss, including IL-1β and TNF-α, can promote endothelial proliferation and 

pathologic angiogenesis 12. Additional molecules such as IL-6 and IL-8 also are involved in 
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the neovascular phase12. Many of these same cytokines are upregulated in ocular 

inflammation, including IL-6, IL-8, and TNF-α.21 While it is possible that some of these 

molecules could be coincidentally upregulated rather than necessary for the development of 

retinal NV, corneal models have shown that IL-8 and TNF-α can cause neovascularization 

directly.22,23 This molecular link between inflammation and ischemia may provide a 

mechanism to explain our observations between the presence of inflammatory signs and 

retinal NV.

The presence of currently active inflammation was associated with retinal NV in our study. 

The degree of increased risk was similar between active and slightly active eyes, there 

appeared to be a dose-response relationship with anterior chamber inflammation, and there 

was no clear relationship with measures of vitreous inflammation. Several interpretations are 

possible for the lack of a consistent linear relationship with increased activity. In the 

timevarying analysis, eyes could switch from active to inactive and between cell or haze 

grades from visit to visit, so activity would only be correlated to NV if activity had a rapid 

effect on the development of NV. It is possible that retinal NV is driven by more long-term 

alterations in inflammatory pathways or by structural changes which take time to develop, 

tending to obscure associations. The incidence analysis may also have been less powerful 

than the prevalence analysis for this question because inflammation at presentation may 

have been more severe and persistent than during follow-up (tertiary management might 

have resulted in better control of inflammation, on average). Treatment data were not 

analyzed in this study, because of potential indications-for-treatment bias, but the impact of 

effective treatment can be inferred by evaluating the relationship between [in]activity and 

retinal NV, as effective treatment would result in control of uveitis activity.

Another explanation for the pattern of association we observed between inflammatory 

attributes and retinal NV is that proangiogenic molecules could persist even after active 

inflammation is controlled. For example, Paroli et al. found elevated vascular endothelial 

growth factor (VEGF) levels in the aqueous humor of patients with quiescent uveitis24. If so, 

the presence of retinal NV would not always be a sign of disease activity and would not 

necessarily require increased immunosuppressive therapy. Rather, therapy should be 

directed against the neovascular process. However, it seems likely that consistent 

inflammatory control over time would reduce the risk of retinal NV, in addition to the other 

benefits conveyed by consistent control.

If accumulation of proangiogenic molecules was a significant contributor to development of 

retinal NV, one would expect the incidence to increase with time since diagnosis. Our data 

show the reverse, with younger patients and those with more recent diagnosis were more 

likely to develop retinal NV. Previous clinical observations seem to support our results; in 

pars planitis, for example, vitreous hemorrhage presumably due to retinal NV was much 

more likely in patients diagnosed prior to age 17 than those diagnosed after 17, perhaps 

because the vitreous of younger patients may exert stronger tractional forces on the retinal 

vessels.25,26

In ocular inflammatory disease, peripheral retinal photocoagulation as a treatment for retinal 

NV has been studied in small, observational series.3,10,27,28 Synthesizing these and our 
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observations, it is possible that photocoagulation would help those patients where ischemic 

retina is driving neovascularization. In those patients without ischemia scatter 

photocoagulation appears less likely to help, and anti-inflammatory treatment may be more 

useful. Because the patients in our study were observed mostly in the era prior to widespread 

use of anti-VEGF agents, we did not evaluate their outcomes. Several reports have shown 

promising results of anti-VEGF therapy for retinal NV in the setting of uveitis.30–32 In one 

study, bevacizumab was supplemented with panretinal photocoagulation, but when and how 

often this treatment was applied was not described.32 Future studies could incorporate ultra-

wide field fluorescein angiography, which can assess a broader area of retina for disease 

activity and ischemia. 29 Additional studies will be necessary to determine the best 

combination of treatments for patients with uveitis and retinal neovascularization.

As in all retrospective studies, our results have important limitations. Our results regarding 

the incidence of retinal NV are anticipated to be more reliable than the results regarding the 

prevalence of retinal NV, because patients may have been referred for tertiary evaluation in 

part because of the occurrence of complications of inflammation such as retinal NV 

(prevalence-incidence bias). However, the fact that risk factor associations followed a 

similar pattern in the two analyses suggest that such bias likely did not vary between subsets 

of patients/eyes, and provides reassurance of the validity of the associations observed. The 

fact that fewer associations were statistically significant in the incidence analysis likely 

reflects less statistical power than in the prevalence analysis because there were fewer cases, 

and/or mitigation of risk by clinical management. Because cases were retrospectively 

ascertained, we have missed some cases of retinal NV. Because such misclassification 

would be expected to blunt associations, it is unlikely that any such errors would have led to 

spuriously positive associations, although it is possible that it reduced our power to detect 

associations. We also did not assess the effect of anti-inflammatory treatment on retinal NV, 

due to indications-for434 treatment biases which would require very logistically challenging 

clinical trials to evaluate optimally. However, to the extent that treatment effects are 

mediated via control of inflammation, it should be possible to infer the benefits of treatment 

based on the degree of relationship between inflammatory activity and retinal NV. Future 

studies also would benefit from capturing more information on retinal ischemia using wide 

field imaging. Because of the rarity of retinal NV in patients with uveitis (an uncommon 

condition itself), prospective studies would be challenging to implement. By using a 

retrospective design with a strong data quality control system, we were able to capture a 

large amount of data, which allowed the risk of NV to be estimated with reasonable 

confidence and permitted identification of several risk factors.

In summary, retinal NV is a rare complication of uveitis for which posterior segment 

involvement (intermediate, posterior, and panuveitis), younger age, and relatively recent 

diagnosis are strong but unmodifiable risk factors. Systemic conditions such as smoking, 

diabetes and some forms of systemic vasculitis (most clearly systemic lupus erythematosus) 

are associated with increased risk of NV; mitigation of these conditions by smoking 

cessation or appropriate treatment might mitigate retinal NV risk, in addition to providing 

several other benefits. Disease activity is associated with retinal NV, although the temporal 

relationship and degree of activity required to induce NV is not certain. When treatment of 
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retinal NV is indicated, based on the available information, it seems reasonable to treat cases 

with widespread ischemia with treatments directed against ischemia (anti-VEGF therapy and 

scatter retinal photocoagulation when ischemia is expected to be long-lasting), whereas 

cases lacking demonstrable ischemia may reasonably be approached first with anti-

inflammatory therapy, although even in these cases anecdotal evidence suggests anti-VEGF 

therapy may be helpful. Anti-inflammatory therapy will be indicated for any case with 

active uveitis, and it may be acceptable in lower risk circumstances to try such therapy first 

rather than scatter photocoagulation or anti-VEGF therapy even in ischemic cases. If 

immediate clearing of retinal NV is required, use of both approaches together could be 

valuable in an appropriate clinical setting. Because effective treatment of the underlying 

uveitis may alter the clinical course, it is possible that treatment of NV in the context of 

uveitis may not need to be as aggressive as treatment for NV primarily of ischemic etiology. 

Further studies evaluating outcomes of these patients in relationship to anti-inflammatory 

and anti-angiogenic therapies would be valuable to refine the management approach.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Kaplan-Meier curve showing the estimated proportion and 95%CI free of retinal 

neovascularization over time among 8,487 uveitic eyes initially free of retinal 

neovascularization.
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Figure 2. 
Kaplan-Meier curve estimating the proportion of uveitic eyes free of retinal 

neovascularization over time by International Uveitis Study Group/Standardization of 

Uveitis Nomenclature17 site of uveitic inflammation classification. The risk of developing 

retinal neovascularization with anterior uveitis was much less than the risk of developing it 

with inflammation involving the posterior segment. However, the differences between 

intermediate, posterior, and panuveitis cases were not statistically significant (see Table 4).
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