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Abstract

Retinal vein occlusion (RVO) is the second

most common cause of vision loss due

to retinal vascular disease. A literature

review was undertaken to understand the

epidemiology, clinical consequence, current

practice patterns, and cost of RVO. Pertinent

articles were identified by computerized

searches of the English language literature

in MEDLINE supplemented with electronic

and manual searches of society/association

proceedings and bibliographies of

electronically identified sources. Population-

based studies report a prevalence rate

of 0.5–2.0% for branch RVO and 0.1–0.2%

for central RVO. The 15-year incidence rate

is estimated to be 1.8% for branch RVO and

0.2% for central RVO. Patients with RVO

report lower vision-related quality of life

than those without ocular disease. Available

treatment options are limited. Until recently

there was no treatment for central RVO.

Laser photocoagulation is only recommended

for branch RVO in patients who have not

experienced severe vision loss. Emerging

evidence on the effectiveness of intravitreal

anti-vascular endothelial growth factor

therapy and dexamethasone intravitreal

implant is promising. Information on

the treatment patterns and cost of RVO is

extremely limited with one retrospective

analysis of secondary insurance payment

data identified and limited to the

United States population only. A better

understanding of the economic and

societal impact of RVO will help decision

makers evaluate emerging medical

interventions for this sight-threatening

disease.
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Introduction

Retinal vein occlusion (RVO) is the second most

common sight-threatening retinal vascular

disorder after diabetic retinopathy.1 RVO is an

obstruction of the retinal venous system, and

may involve the central retinal vein or a branch

retinal vein. Possible causes are external

compression or disease of the vein wall, for

example, vasculitis.2 RVO can be divided into

two primary categories, branch RVO (BRVO)

and central RVO (CRVO), depending on the site

of occlusion, with BRVO occurring more

commonly than CRVO.2 CRVO may be further

classified as ischemic, if there is significant

enough pressure on the capillary system to

result in areas without blood flow. If there are

no areas of capillary non-perfusion, CRVO is

considered to be non-ischemic.

Two recently published systematic reviews of

the natural history of BRVO and CRVO

concluded that untreated RVO results in vision

impairment and significant ocular

complications.1,3 Baseline visual acuity is

moderately poor, ranging from 20/40 to

o20/200 in both BRVO and CRVO eyes.

Although the visual acuity in untreated BRVO

generally improves over time, it rarely improves

beyond 20/40.1 The visual acuity in CRVO eyes

typically decreases over time without

treatment.3 About 5–15% of eyes with BRVO

develop macular edema over 1 year and the

majority of patients with CRVO have signs of

macular edema at presentation. Vitreous

hemorrhage develops in about 40% of eyes with

BRVO over an unspecified time period and in
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10% of eyes with CRVO within 9 months of

presentation.1,3

The findings from these reviews are helpful in guiding

decisions regarding management of patients with RVO

and in evaluating the efficacy and risk of new treatments

in the context of the natural history of the disease.

However, to assess the need for new medical

intervention, one needs to understand the prevalence

and incidence of RVO and its subtypes, possible

differences in demographic subgroups, how it is

currently managed, as well as its economic impact on a

national or regional healthcare system and the toll the

disease places on the functioning of the individual and

health-related quality of life (HRQoL). To our

knowledge, a comprehensive review of the burden

associated with RVO has not been performed to date.

The purpose of this article is to summarize what is

known about the burden associated with RVO and its

subtypes worldwide, to determine any difference in

burden across countries and distinct demographic

subgroups, and to identify gaps in the literature that

require further research.

Patients and methods

We conducted a comprehensive literature search in

MEDLINE for articles related to the epidemiological,

clinical, economic, and humanistic burden of RVO.

Search terms included ‘RVO’, ‘branch RVO’, and ‘central

RVO’, with the following terms ‘prevalence’, ‘incidence’,

‘risk factors’, ‘epidemiology’, ‘treatment pattern’,

‘practice pattern’, ‘reimbursement’, ‘cost’, ‘economics’,

‘cost effectiveness’, ‘outcomes’, ‘visual impairment’,

‘vision loss’, ‘quality of life’, ‘utility’, and ‘registry’.

Articles were limited to those written in English and

published between January 1990 and May 2010. After an

initial abstract review, articles related to the burden of

RVO were selected for full-text review.

In addition to the MEDLINE search, the publicly

available abstracts from the Association for Research in

Vision and Ophthalmology (ARVO) meetings were

searched using the same terms as listed above. Treatment

guidelines issued by the American Academy of

Ophthalmologists, the International Council of

Ophthalmology, the UK Royal College of

Ophthalmologists, and the UK National Institute for

Clinical Excellence websites were also searched for.

Finally, we conducted a manual review of the

bibliographies of full-text articles identified through

MEDLINE for any additional references.

Results

The MEDLINE literature search generated 646 citations

meeting the above criteria. On the basis of the review of

article titles and abstracts, 85 articles were selected for

full-text retrieval. After reviewing the full-text articles,

28 articles were included in the final review. Four

supplemental full-text articles were identified through a

manual bibliographic review. Four abstracts from ARVO

were also included in this review along with two practice

guidelines (Figure 1).

Prevalence

In addition to one pooled analysis of existing data,4 seven

population-based studies that used retinal photographic

grading for RVO diagnosis and distinguished RVO

571 unique abstracts from
MEDLINE

339 unique abstracts from
Association for Research in
Vision and Ophthalmology  

Guidelines from Royal
College of Ophthalmologists
and National Health Service

Cited 28 full-text articles Cited 4 abstracts

4 supplemental articles
based on manual

bibliographic search

92 relevant abstracts

Prevalence and
Incidence:
12 articles

Ocular Complications
and Visual Function:

8 articles

Risk of Vascular/
Cardiovascular Complications: -

12 articles

Guidelines, Treatment
Patterns, and Costs:

6 articles

Figure 1 Schematic of literature selection.
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subtypes were identified (three from the United States,

and one each from Australia, China, Japan, and

Singapore).5–11 Although prevalence data from European

countries are not available in published reports, the

investigators in the EUREYE and Rotterdam Eye study

were contacted by Rogers et al4 and the data from these

two studies were included in the pooled analysis and

separately reported by Rogers et al.4

Overall, the prevalence of RVO appears to be fairly

constant across all countries (Table 1). Globally, an

estimated 16.4 million adults are affected by RVO

(2.5 million by CRVO and 13.9 million by BRVO).4 The

age and sex standardized prevalence is 5.20 (per 1000) for

any RVO, 4.42 for BRVO, and 0.80 for CRVO in the

population aged Z30 years.4

The prevalence of RVO in individual studies ranged

from 0.311 to 2.1%7 in populations older than 40 years,

with the prevalence of RVO highest in Japan and

Australia and lowest in Europe and Singapore (Table 1).

The low prevalence of RVO found in the Atherosclerosis

Risk in Communities and Cardiovascular Health

Studies11 is due to the fact that only one photograph of

one eye was taken for each subject included in the study.

In all studies, BRVO was more common than CRVO,

ranging from 38 to 10 times6 more prevalent. Bilateral

RVO is rare, affecting fewer than 10% of individuals with

RVO (Table 1).

The prevalence of RVO is strongly associated with

increasing age. RVO is rarely seen in individuals younger

than 50, but may affect up to 5% of individuals over the

age of 80 (Table 2). The prevalence of RVO was similar

between men and women in all studies that reported the

prevalence by gender. Few studies compared the

prevalence of RVO by race as most of these studies only

enrolled subjects of one ethnic group. The only study to

compare the prevalence of RVO in four ethnic groups

(whites, blacks, Hispanics, and Chinese) found that the

prevalence of RVO was similar across all groups

Table 1 Prevalence rates of retinal vein occlusion by country/region

Region Study Subjects,
N

Age
range,
year

Eyes
per

subject

Fields
per
eye

Prevalence of
any RVO, %
(95% CI)

Prevalence
of BRVO, %
(95% CI)

Prevalence
of CRVO, %
(95% CI)

Ischemic
CRVO, %
(95% CI)

Bilateral
RVO, %

Global Rogers et al4 49 869 Z30a Both Z2 0.52 (0.44–0.60) 0.44 (0.37–0.52) 0.08 (0.06–0.10) NR NR
Australia Mitchell et al5 3654 Z49 Both 6 1.6 (1.3–1.9) 1.1 (NR) 0.5 (NR) NR 5.1
China Liu et al6 4335 Z40 Both 2 1.3 (1.0–1.6) 1.2 (0.9–1.5) 0.12 (0–0.2) 0.16 (NR)b 3.4
Europec Rogers et al4 4753 Z65 Both 2 0.8 (NR) 0.6 (NR) 0.2 (NR) NR NR
Japan Yasuda et al7 1775 Z40 Both 1 2.1 (NR) 2.0 (NR) 0.2 (NR) NR NR
Netherlands Rogers et al4 6418 Z55 Both 2 0.6 (NR) 0.5 (NR) 0.1 (NR) NR NR
Singapore Lim et al8 3265 40–80 Both 2 0.7 (0.4–1.0) 0.6 (NR) 0.2 (NR) NR 9.1
United States, BDES Klein et al9 4822 43–84 Both 3 0.8 (NR) 0.6 (0.4–0.9) 0.1 (0–0.3) NR 0
United States, MESA Cheung et al10 6147 45–84 Both 2 1.1 (NR) 0.9 (NR) 0.2 (NR) NR 1.5
United States,
ARICþCHS

Wong et al11 15 466 45–64 One 2 0.3 (NR) 0.2 (NR) 0.04 (NR) NR NR

Abbreviations: ARIC, the Atherosclerosis Risk in Communities Study; BDES, the Beaver Dam Eye Study; BRVO, branch retinal vein occlusion; CHS, the

Cardiovascular Health Study; CRVO, central retinal vein occlusion; MESA, the Multiethnic Study of Atherosclerosis; NR, not reported; RVO, retinal vein

occlusion.
aThis population was age- and sex-standardized to the 2008 world population Z30 years.
bThis figure was for ischemic BRVO or CRVO.
cThe countries included in this study were Estonia, France, Greece, Italy, Northern Ireland, Norway, and Spain.

Table 2 Prevalence rates of retinal vein occlusion by age

Age, range BMES5 BES6 Hisayama7 SMES8 Age Range BDES9 MESA10

RVO RVO BRVO CRVO RVO RVO BRVO CRVO RVO BRVO CRVO RVO

40–49 F 0.3 0 0 0 0.1 o55 0.2 0.1 0.3 0.3 0 0.3
50–59 0.7 1.3 1.6 0 1.6 0.5 55–64 0.3 0.1 0.4 1.1 0 1.1
60–69 1.2 2.1 2.7 0.5 3.2 1.2 65–74 1.1 0.2 1.3 1.2 0.4 1.5
70–79 2.1 2.8 2.3 0 2.3 1.0 Z75 1.3 0.4 1.7 1.2 0.2 1.3
Z80 4.6 4.6 0 4.6

Abbreviations: BDES, the Beaver Dam Eye Study; BES, the Beijing Eye Study; BMES, the Blue Mountain Eye Study; BRVO, branch retinal vein occlusion;

CRVO, central retinal vein occlusion; MESA, the Multiethnic Study of Atherosclerosis; SMES, the Singapore Malay Eye Study.

Age-specific data were not reported in BMES, BES, and SMES.
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(P¼ 0.76).10 In the pooled analysis of multinational

studies, although prevalence was highest in Asians and

Hispanics and lowest in whites, the overlapping

confidence intervals suggest the differences were not

statistically significant.4

Incidence

Few studies assessed the incidence of RVO and its

subtypes. Three of the population-based studies that

reported the prevalence of RVO also assessed the

incidence: the Blue Mountains Eye Study,12 the Hisayama

Study,13 and the Beaver Dam Eye Study.9,14 In Australia,

the 5-year incidence of any RVO was 1.0% and the

10-year incidence was 1.6%.12 These incidence rates were

similar to the results found in the United States, where

the 5-year incidence was 0.8%9 and the 15-year incidence

was 2.3%.14 The 9-year incidence in Japan of 2.0%13 is

slightly higher than these findings.

The incidence of BRVO is generally higher than the

incidence of CRVO. In the United States, the 5-year

incidence of BRVO was 0.6% and the incidence of CRVO

was 0.2%; at 15 years the incidences were 1.8 and 0.5%,

respectively.9,14 In Australia, about three times as many

individuals developed BRVO than CRVO over 10 years.12

The ratio of the incidence of BRVO to CRVO was much

higher in Japan, where the 9-year incidences were 1.9 and

0.07%, respectively.13 However, the small number of

individuals that developed incident RVO in all these

studies makes it difficult to know with accuracy the ratio

of incident BRVO to incident CRVO and whether it varies

among countries.

As with prevalence, the incidence of RVO increases

with age. In Australia, individuals aged 70 years or older

without RVO at baseline were more than three times as

likely to develop RVO over 10 years than those younger

than 60.12 In the United States, individuals over the age of

75 had about five times the rate of incident BRVO over

15 years as those between the ages of 43 and 54 years,

though the incidence rates of CRVO for these two age

groups were about the same.14 An analysis of secondary

insurance payment data of outpatient and emergency

department visits in Taiwan found that individuals aged

Z70 years were about 12 times as likely to develop RVO

than those between the ages of 40 and 49.15

Ocular complications and visual function

The natural history and clinical course of vision and

ocular complications differ between BRVO and CRVO.

In BRVO patients, the overall visual acuity is moderately

poor at diagnosis, but visual acuity seems to improve

over time without intervention, with between 37 and 74%

of eyes with BRVO showing a two-line improvement.1

Though development of macular edema is common in

BRVO eyes (5–15% in 1 year), about 18–40% of cases

with macular edema at baseline resolve over time.1 In

CRVO cases, visual acuity at diagnosis is poor (o20/40)

and it decreases further over time.3 Compared with

non-ischemic CRVO, ischemic CRVO is associated with

lower mean visual acuity both at diagnosis and during

the follow-up periods. Macular edema is frequently

present at the time of CRVO diagnosis, which resolves

in B30% of non-ischemic CRVO eyes and in up to 73%

of ischemic CRVO eyes in 15 months.3 Neovascular

glaucoma is much more likely to develop in ischemic

CRVO than non-ischemic CRVO eyes. Up to 34% of

eyes with non-ischemic CRVO convert to ischemic CRVO

over 3 years.3

Two United States studies assessed the impact of

CRVO and unilateral BRVO on vision-related quality of

life (VRQoL) using the National Eye Institute Visual

Function Questionnaire with 25 questions (VFQ-25).16,17

CRVO was found to have a detrimental effect on VRQoL

as study subjects scored significantly lower than a

reference group without ocular disease and had similar

scores to a cohort of patients with diabetic retinopathy.

A subset of individuals with bilateral CRVO (10%) had

lower scores than the overall group, which were

comparable with a population with low vision.16 The

impact of unilateral BRVO appeared to be less than that

of CRVO. These individuals also scored significantly

lower than the group without ocular disease, but had

significantly higher scores in nearly all subscales when

compared with individuals with CRVO, low vision,

age-related macular degeneration, and diabetic retinopathy.17

In both studies, analyses were performed to assess

correlation between visual acuity in the worse-seeing or

the better-seeing eye and VRQoL. Visual acuity in the

worse-seeing eye was negatively correlated with VRQoL

in individuals with unilateral BRVO for 9 of the 12

subscales but no correlations were found with visual

acuity in the better-seeing eye.17 For both unilateral and

bilateral CRVO, visual acuity in the worst-seeing eye was

not found to predict VFQ-25 subscales, whereas worse

visual acuity in the better-seeing eye, greater number of

systemic medical conditions, and worse self-opinion

about general health were strongly correlated with lower

VFQ-25 responses.16 Owing to the significant impact of

RVO on the quality of life of the patients, most patients

are willing to undergo potentially invasive treatments.18

Evidence suggests that patients with vision loss due to

macular edema following RVO report meaningful

reduction in multiple dimensions of HRQoL measured

by the short form 36 and NEI VFQ-25.19 Treatment of

macular edema secondary to RVO by ranibizumab,

however, has shown to improve the near and distance

activities of the patients.20 Only one abstract reported
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utility values associated with visual acuity in retinal

diseases, however, RVO-specific values were not

reported.21

Risk of vascular and cardiovascular complications

in RVO

Patients with RVO have a higher prevalence of stroke5,22

and a greater risk of cardiovascular disease23 than

similarly aged individuals without RVO. However, a

systematic review and two recent population-based

studies in Taiwan suggest that RVO does not

independently increase the risk of stroke or myocardial

infarction.24–26 In the Annual Evidence Update on Retinal

Vein Occlusion, the National Health Service in England

concluded that there is insufficient evidence to confirm

that RVO is a predictor of stroke.27

The evidence from observational studies on the impact

of RVO on vascular mortality (ie, death from vascular

causes) is conflicting. The Beaver Dam Eye Study showed

participants with BRVO at baseline did not have an

increased risk of mortality due to ischemic heart disease.9

Other population-based studies also showed that RVO

did not predict cardiovascular26 or cerebrovascular

mortality.28 Data from a pooled cohort of the Beaver Dam

Eye Study and the Blue Mountain Eye Study showed no

association between RVO and cardiovascular-related

(HR¼ 1.2; 95% CI, 0.8–1.8) or cerebrovascular-related

mortality (HR¼ 0.9; 95% CI, 0.4–2.1) after adjustment for

age, gender, body mass index, hypertension, diabetes,

and other factors among patients of all ages.29 However,

in RVO patients younger than 70 years, the risk of

cardiovascular mortality was twice as high (HR¼ 2.5;

95% CI, 1.2–5.2).29 A United Kingdom hospital-based

study found that, compared with the general population,

RVO patients had a higher rate of mortality related to

myocardial infarction.30

Despite the documented association between RVO and

systemic risk factors for cardiovascular diseases, RVO

has not been shown to predict overall mortality.28,29,31

Current treatment guidelines and emerging evidence

At the time of this review, the only published treatment

guidelines for RVO by the Royal College of

Ophthalmologists (UK) referred to grid-pattern laser

photocoagulation as the standard of care for macular

edema secondary to BRVO following the 1984 Branch

Vein Occlusion Study results, although patients with

severe vision loss (o6/60) and those in whom symptoms

had been present for 41 year were unlikely to benefit

from photocoagulation.2 There was no proven treatment

for CRVO2 and randomized controlled trials failed to

demonstrate visual acuity benefit from grid treatment.

During the last decade, a number of new treatments

for the treatment of RVO complications have been

investigated and strong evidence on their effectiveness

has emerged. Recently, dexamethasone (Ozurdex,

Allergan, Inc., Irvine, CA, USA) intravitreal implant was

granted approval for the treatment of macular edema

following BRVO or CRVO in the Unites States and

the European Union based on two multicenter, double-

blind, randomized studies (GENEVA).32 Following

dexamethasone, ranibizumab (Lucentis, Genentech, Inc.,

South San Francisco, CA, USA; Novartis Pharma AG,

Basel, Switzerland) intravitreal injection was also

approved in the United States for the same indication on

the basis of two multicenter, randomized, double-

masked clinical trials (BRAVO and CRUISE).33,34 In these

clinical trials, both dexamethasone and ranibizumab

demonstrated clinically and statistically improved vision

acuity compared with placebo. In GENEVA, 23 and

18% of patients with BRVO and CRVO, respectively,

gained at least three lines (15 letters) of best-corrected

visual acuity (BCVA) in the first 3 months after treatment

with dexamethasone intravitreal implant, compared

with 20 and 12% in the respective sham groups.32 In

BRAVO and CRUISE, after 6 months of ranibizumab

therapy, between 55 and 61% of patients with BRVO

gained at least three lines of BCVA (compared with

28% in the sham group) and about 48% of patients with

CRVO gained at least three lines of BCVA (compared

with 17% in the sham group).33,34 Intravitreal

triamcinolone acetonide has also been investigated and

was shown to be superior to observation in CRVO but

failed to demonstrate superiority in efficacy or safety

over grid photocoagulation in BRVO in a multicenter

phase III SCORE study.35,36 Although this article was

under review, the Royal College of Ophthalmologists’

guidelines were updated to recommend consideration

of dexamethasone intravitreal implant and ranibizumab

for managing macular edema following CRVO and

BRVO.37

Patterns of care and economic burden

Information on treatment patterns and the economic

burden associated with RVO is sparse. Except one study

that examined the total direct medical costs for patients

with RVO in an elderly population in the United States,38

no evidence exists with respect to direct medical costs

from the non-United States markets, direct non-medical

costs, or indirect medical costs attributable to RVO.

Treatment patterns outside of the United States have not

been studied, underscoring a gap in the literature on the

economic burden related to RVO.

Fekrat et al38 performed a retrospective cohort study of

a nationally representative sample of Medicare
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beneficiaries in the United States from 2001 to 2006 using

secondary insurance payment data. The authors

estimated the 1-year and 3-year costs for BRVO and

CRVO patients and compared them with the costs for

individuals with hypertension and glaucoma (which are

risk factors for RVO) without RVO. The 1-year resource

use for BRVO and CRVO patients compared with

hypertension and glaucoma patients is presented in

Figure 2.

Except for optical coherence tomography, significantly

more BRVO and CRVO patients received imaging

services and treatments than the controls. Use of

fluorescein angiography and optical coherence

tomography increased from 2001 to 2005. The use of

intravitreal injections increased from o1% in both BRVO

and CRVO patients to 413% in BRVO patients and 16%

in CRVO patients. On the contrary, use of laser

photocoagulation remained relatively flat for BRVO

patients and decreased for CRVO patients.38

A comparison of direct medical costs measured by

total medicare reimbursement amounts adjusted for

baseline suggests that BRVO patients had 16% higher

1-year costs and 12% higher 3-year costs than

hypertension patients. Compared with glaucoma

patients, BRVO patients incurred 18% higher costs at

1 year and 13% higher costs at 3 years.38 CRVO patients

had 22 and 15% higher costs at 1 and 3 years,

respectively, than hypertension patients, and 24 and 16%

higher costs compared with glaucoma patients at 1 and 3

years (Figure 3).38 Inpatient costs accounted for B40% of

total costs at 1 and 3 years in all groups. Costs in the year

before RVO onset were nearly 30% lower for BRVO

patients ($7211 vs $10 153) and 24% lower for CRVO

patients ($8851 vs $11 587) than in the index year.38 On the

basis of this study and the prevalence of RVO from the

Beaver Dam Eye Study, the estimated annual direct costs

related to managing United States Medicare population

with RVO were expected to reach $5.8 billion dollars in

2006 ($4.5 billion and $1.3 billion for BRVO and CRVO,

respectively). It is worth noting that costs incurred by

non-Medicare payers, patients, and caregivers were not

included and the proportion of the total costs attributable

to ophthalmology care was not reported. Only one

cost-effectiveness study was identified from the review.

Brown et al39 evaluated the incremental cost effectiveness

of laser photocoagulation for vision loss associated with

BRVO. A decision analysis with Markov modeling was

performed incorporating efficacy data from the BVOS

and patient-based preferences from time trade-off

utility analysis. The study suggested that laser

photocoagulation was associated with an incremental

cost of $6118 (2000 US$) for an additional quality-

adjusted life year in the base case with a range of $3370 to

$19 299 in the sensitivity analysis during a patient’s

lifetime.

Conclusion

This literature review summarizes the evidence

pertaining to the epidemiological, clinical, economic, and

humanistic burden of RVO. A sizable body of literature

on the epidemiology and natural history of RVO has

emerged, however, little is known about the financial

burden associated with RVO on patients, caregivers, and

the healthcare system. The evidence to confirm that RVO

is a predictor of stroke or cardiovascular complications is

insufficient. As the population ages, the burden of RVO is

likely to increase, in light of the emerging diagnostic tests

and therapies for RVO, a better understanding of the

economics of identifying and managing sight-threatening

complications related to RVO is crucial.
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