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Abstract

Purpose To describe the clinical features

and outcomes among eyes with choroidal

neovascularization (CNV) in children and

adolescents.

Methods A total of 36 eyes of 27 patients

o18 years of age diagnosed with CNV

between January 1978 and December 2008

were retrospectively reviewed. CNV was

clinically diagnosed in all patients and its

presence was confirmed by fundus

fluorescein angiography (FFA). A total of 19

eyes underwent treatment. Anatomical

outcome was evaluated as regressed/

persistent/recurrent CNV. Snellen’s values for

best corrected visual acuity (BCVA) were

converted to logMAR for statistical

calculations.

Results Of the 27 patients, 17 (63%) were

male. Nine (33.3%) of the 27 patients had

bilateral CNV. At presentation, CNV was

active in 22 (61.1%) eyes and regressed in 14

(28.9%) eyes. All active CNV cases were

‘classic’ type, with the majority (80.5%)

being subfoveal. The mean greatest linear

dimension (GLD) was 3.16±1.94mm (range,

0.9–10.15). The most common cause (41.7%)

was post-inflammatory. The mean duration

to regression in treated eyes was 103.53 days

(15 eyes). Recurrence was noted in three

(8.3%) eyes. The mean duration to first

recurrence was 260 days (range, 90–390), and

the mean follow-up duration was

779.53±988.00 days.

Conclusion CNV remains a cause of

significant visual decline in children and

adolescents. Male predominance, post-

inflammatory etiology, bilateral affection, and

subfoveal location are noteworthy, with a

high regression rate in response to treatment.

Re-treatment is required in a limited number

of cases.
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Introduction

Choroidal neovascularization (CNV) is a

significant cause of central visual loss in

children1 and adults, visual loss being

particularly overwhelming in cases with

subfoveal neovascularization.2 Although the

prevalence of blindness is lower in children

than in adults,3 children bear a greater burden

of blindness because of much higher

disability-adjusted life years (DALY).4

Moreover, a blind child faces considerable

challenges in education and emotional

development.5

There are some obvious differences in CNV

between children and adults: first, rarity of

macular degeneration and myopic fundus

changes6 (the two most common causes of

adult-onset CNV) at young age; second, lack of

calcification and thickening of Bruch’s

membrane (which is otherwise frequently

observed among adults);7 and third, presence of

solitary subretinal in-growth sites unlike adult

cases in which multiple in-growth sites are

common.8 All these factors may make the

natural course, prognosis, and treatment

outcomes more favorable among young

subjects.9 Further, several etiological aspects

related to CNV in children and adolescents

remain imprecise. Although causes of CNV in

young patients have been reviewed before,10–12

there are no large studies comparing the relative

frequency of the causes in subjects below 18

years of age. Existing anecdotal reports do
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suggest a favorable natural course with spontaneous

involution in about 58% of cases.1,13 In the present study,

we describe the causes, clinical profiles, and anatomical

and visual outcomes with different treatment modalities

among eyes with CNV in children and adolescents.

Materials and methods

This retrospective study was conducted at a tertiary eye

care center. The study and data collection conformed to

all local laws and were compliant with the principles of

the Declaration of Helsinki. As per policy, the

institutional review board’s approval was waived, as this

was a retrospective study. Children and adolescents o18

years of age presenting between January 1978 and

December 2008 and diagnosed with CNV were included.

All subjects were Asian–Indians. Best corrected visual

acuity (BCVA) was recorded with Snellen’s chart, and

cycloplegic refraction was performed. Snellen’s values

for BCVA were converted to logMAR values for statistical

calculations. CNV was diagnosed clinically and

confirmed using fundus fluorescein angiography (FFA).

However, the ability to undergo FFA was not essentially

an inclusion criterion. The CNV location was defined

according to MPS protocol14 as subfoveal, juxtafoveal,

and extrafoveal, and as peripapillary/juxtapapillary for

CNV adjacent to the optic disc. Greatest linear dimension

(GLD) was recorded in 31 of the 36 eyes. In the remaining

five eyes, GLD could not be measured because of some

photographs being captured on negative photographic

films early on in the study period. Optical coherence

tomography (OCT) was performed using Spectral

Domain OCT (SD OCT) (3D OCT-1000, Topcon Inc.,

Tokyo, Japan) in the subjects who presented during the

later part of the study.

Results

A total of 36 eyes from 27 patients were included. The

left eye was affected in 19 patients (70.3%), whereas the

right eye was affected in 17 (62.9%) of the 27 patients.

Bilateral involvement was noted in nine (33.3%) patients.

Of the 36 eyes with ‘clinically active’ CNV at

presentation, 22 (61.1%) were of ‘classic’ type on FFA.

Table 1 depicts the demographic features of the 36

eyes of 27 patients. The mean age at presentation was

12.7±3.0 years (range, 7–17). Seventeen of the 27 (63%)

patients were male. Twenty-nine (80.5%) of the 36 eyes

had subfoveal CNV. The mean GLD was 3.16±1.94 mm

(range, 0.9–10.15). The mean follow-up duration was

25.98±32.93 months. The two most common etiologies

were post-inflammatory (41.7%) and Best’s disease

(25.0%). Seven (19.4%) eyes of five patients had CNV

associated with unclassified choroiditis (Eyes 1–7), their

mean age being 13.6±2.5 years. Three (8.3%) eyes of

two patients had CNV associated with serpiginous

choroiditis (Eyes 8–10), their mean age being 10.0±5.2

years. Two (5.5%) eyes of a single patient (17 years old)

had CNV associated with Vogt–Koyanagi–Harada

disease (VKH) (Eyes 11, 12). Two (5.5%) eyes of two

patients had CNV associated with toxoplasmosis (Eyes

13, 14), with the mean age being 13.0±1.4 years.

One (2.8%) eye of one patient (14 years old) had CNV

associated with presumed ocular histoplasmosis

syndrome (POHS) (Eye 15). Both eyes (Eyes 29 and 30)

of an 11-year-old patient were diagnosed with CNV

associated with viral retinitis, with coexisting ONH

drusen. Nine (25.0%) eyes of five patients had CNV

associated with Best’s disease (Eyes 16–24), the mean

age being 11.1±3.0 years. Four (11.1%) eyes had

idiopathic CNV (Eyes 25–28), the mean age being

13.75±2.5 years. Three (8.3%) eyes had CNV associated

with ONH drusen (Eyes 29–31); the mean age was 11.0

years. Two (5.5%) eyes had CNV associated with

Stargardt’s disease (Eyes 32 and 33); the mean age was

12.5±2.1 years. Two (5.5%) eyes of two patients had

CNV associated with myopia (Eyes 34 and 35), one of

which (Eye 34) had coexisting osteogenesis imperfecta.

The mean age of patients was 14.5±3.5 years.

We encountered one case (2.8%) of traumatic CNV

(eye 36) in the absence of obvious choroidal rupture,

associated with blunt trauma sustained 6 years ago.

Of the 22 eyes with active CNV, 18 received treatment

at our institute and four did not undergo any treatment

because of poor visual potential or treatment being

refused by the parents of the patient. Of the 18 treated

eyes, 16 showed regression of CNV, with the mean

duration to treatment-induced regression being 3.45

months. Of four untreated eyes, two (eyes 6 and 33)

developed spontaneous regression of CNV, with the

mean duration to spontaneous regression being 1.5

months (range, 1–2). Of 14 eyes with involuted CNV at

presentation (Supplementary Table 1), 13 had never been

treated (had spontaneously regressed CNV) and one (eye

11) had received focal laser photocoagulation for CNV

(elsewhere) shortly before presenting to us. Thus, in 17

eyes (the Natural history group/Group 1), we studied

the natural course of CNV. The remaining 19 eyes were

treated in our study (Treatment group/Group 2).

Of the 17 untreated eyes of Group 1, 15 had spontaneous

regression, and two had persistent CNV until the last

follow-up (Eyes 22 and 24). None of the eyes in group 1

developed recurrence. Of the two eyes in group 1 that

had longer follow-up (46 months), BCVA was

maintained in one (Eye 8) and improved in other (Eye 17)

at last visit. Of the 19 treated eyes of group 2, regression

of CNV was noted in 17 eyes and persistence in two eyes

(Eyes 29 and 30). Of the 17 eyes showing regression, three
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developed recurrence of CNV. All three eyes with

recurrent CNV were re-treated and CNV was regressed

at last follow-up.

Table 2 shows treatment details of 19 eyes of Group 2

in accordance with changing treatment trends for CNV

over time. Of eight eyes with persistent CNV, six were

re-treated and required an average 1.4 re-treatments for

(FFA-documented) regression of CNV. Recurrence was

noted in three eyes, two with inflammatory CNV (Eyes 9,

10) and one with myopic CNV (Eye 34). The mean time

to first recurrence in 3 eyes was 6.67 months (range, 2–9)

from known regression and 8.67 months (range, 3–13)

from last treatment. The longest recurrence-free follow-

up was 113.37 months for inflammatory CNV and 19.33

months for myopic CNV. Thus, at the final visit, 17 of 19

(89.4%) eyes had documented regression of CNV,

whereas two eyes (Eyes 29 and 30) had persistent CNV,

albeit with a short follow-up.

Discussion

Clinical and demographic profile

There was slight male preponderance. No gender

predilection exists in the published literature. In our

study, the youngest patient was 7 years old and the one

reported in the literature is 4 months of age.15

Etiology

The two most common etiologies were post-

inflammatory and Best’s disease.

Inflammatory CNV Inflammatory CNV is the most

common type of CNV among children and adolescents

(Figure 1).12,16

Unclassified choroiditis Unclassified choroiditis was

the most common etiology. These were the eyes in which

signs of inflammation including active/scarred

chorioretinitis/retinal vasculitis were present but did not

fit into a definitive disease entity.17

Serpiginous choroiditis Serpiginous-like choroidopathy

is seen in 30–60-year-olds. However, it has been reported

to occur at younger ages of o8 years in Caucasian18

and Indian populations.19 CNV with serpiginous

choroidopathy has poor visual prognosis.20

Vogt–Koyanagi–Harada disease This syndrome

typically affects adults 20–50 years of age; however, a few

cases in young children affected with CNV have been

reported.21,22 In children with VKH, the incidence of

CNV is estimated to be as high as 70%.23–25 CNV in VKH

is known to have a poor visual prognosis.26T
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Toxoplasmosis Ocular toxoplasmosis is a common

cause of inflammatory CNV in children and

adolescents.15,17,27–30

Presumed ocular histoplasmosis syndrome POHS has

been reported to be the most common cause of

inflammatory CNV in children and adolescents.12,13,17

POHS shows a geographical predilection and,

conventionally, has been noted to occur exclusively in the

United States, with no significant numbers reported in

any of the other regions.31 POHS has rarely been

reported in India, including a recent series of three cases

with CNV.32,33

Viral retinopathy Viral retinopathy has been reported to

cause CNV formation in children.34,35 Rubella

retinopathy is asymptomatic, unless it is made

complicated by the development of CNV at the

macula.34,35

Best’s disease Being the second common cause described

in our study, Best’s disease is a known cause of CNV in

children and adolescents.1,36–40

Other etiologies Idiopathic CNV, another common

cause seen in our study, has been described

frequently.10,13,16,17,40–42 The reported prevalence of ONH

drusen in children is 0.4%.43 Although CNV associated

with ONH drusen is typically peripapillary, subfoveal

extension can occur.44,45 High myopia can induce CNV,

commonly in older patients between 30 and 50 years of

age, being rare in children.46 Kobayashi et al6 reported

the absence of CNV development over a 10-year follow-

up in 80 eyes with high myopia in children aged r8

years. This may be because ageing, in addition to

mechanical stretching of the eyeball, might be important

for the development of predisposing factors such as

RPE atrophy and lacquer cracks.47 However, myopic

CNV has been reported in children.48–50 In our study, of

the two patients with myopic CNV, one had coexisting

osteogenesis imperfecta.51

In subjects sustaining trauma, CNV has been reported

in the presence of choroidal ruptures during the healing

phase.52–56 However, in the present study, we had one

case of traumatic CNV in the absence of choroidal

rupture. Other causes of CNV in children and

adolescents are retinal dystrophies, including Stargardt

disease,57 choroideremia,58 North Carolina macular

dystrophy,59 and other macular dystrophies.60

Morphological characteristics of CNV

CNV in children and adolescents are known to be type 2

membranes, having features of ‘classic’ CNV on FFA.13

In this series, all membranes that were active (22 eyes) at

presentation were of ‘classic’ type. It is known that

children lack thickening and calcification of Bruch’s

membrane and diffuse disruption of RPE, which are seen

in older patients with AMD.7 CNV in children is more

likely to have a solitary in-growth site, whereas the

majority of CNV cases in patients with AMD have

multiple in-growth sites.8 These are the reasons for a high

Figure 1 Bilateral CNV in a 15-year-old boy (Eyes 3 and 4) due to post-inflammatory cause. At presentation, color fundus
photographs of the right (a) and left (b) eye shows a yellowish, subretinal lesion extending from the disc to the fovea, suggestive of
CNV with ‘juxtapapillary’ and ‘subfoveal’ components. CNV in the right eye appears regressed, whereas the left eye shows fresh
subretinal hemorrhage and subretinal fluid. (c and d) FFA of the left eye showing early hyperfluorescence (arteriovenous phase, c) and
intense late leakage (d) corresponding to an active CNV membrane. (e) FFA of the right eye reveals hyperfluorescence with late
staining, suggestive of regressed CNV. (f) Ten weeks after surgical removal of CNV, a color fundus photograph of the left eye reveals
atrophic scar tissue and pigmentation due to reactive hyperplasia of retinal pigment epithelium. (g and h) FFA of the left eye reveals
areas of speckled, transmitted fluorescence, suggestive of pigment epithelial atrophy and blocked fluorescence due to reactive
hyperplasia of pigment epithelium (g). Late phase reveals staining without leakage (h). Absence of CNV is noteworthy.
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rate of spontaneous regression of CNV in children and

for making surgical excision technically complete and

recurrences less likely. Components of CNVMs in

children are similar to those of adults, except for the

absence of basal laminar deposits.17

Location of CNV

The most common location of CNV was subfoveal, which

was consistent with other reports.1,16 Among 29 eyes

with a subfoveal component, the mean logMAR BCVA

was 1.21 for eyes that had regressed CNV at presentation

and 1.08 for eyes that had active CNV at presentation.

Eyes with active CNV that regressed after treatment

showed improvement in mean BCVA to 0.82, suggesting

the favorable impact of treatment for active CNV in

children and adolescents (Supplementary Table 2).

One eye (Eye 31) had regressed extrafoveal CNV at

presentation and was observed. The mean BCVA of this

eye was 0.6. Peripapillary CNV in children and

adolescents has been reported to occur as a primary

membrane61 in POHS,16 optic disc drusen,62–65 chronic

papilledema,66 pseudopapilledema,67 idiopathic

intracranial hypertension,68 malignant hypertension,69

idiopathic anomalies,70,71 and optic nerve head cavitary

anomalies.72

Management

For the sake of better understanding, we divided the

patients in our series into two groups on the basis of

whether or not they underwent any form of treatment.

Natural history group/Group 1 Of the 17 eyes in group 1,

15 developed spontaneous regression of CNV.

Spontaneous regression has previously also been

reported to be very common in pediatric CNV.1,13 Hence,

observation of CNVs in children may appear to be a

reasonable approach; however, it is difficult to predict

which CNVs will regress and which will persist/

progress to result in permanent vision loss without any

treatment. Furthermore, visual outcome in eyes with

successfully treated subfoveal CNV was noted to be

better than in eyes with spontaneously regressed

subfoveal CNV in the present study.

Treatment group/Group 2 A total of 19 eyes were treated

in our study. With an evolution in the management of

such eyes, some of these treatment modalities are now

important only from a historic point of view.

Historic treatments

Before the anti-vascular endothelial growth factor

(VEGF) era, treatment options for CNV in children

and adolescents were limited to laser photocoagulation

for extrafoveal73 and juxtafoveal CNV, and

photodynamic therapy (PDT) for subfoveal CNV

(Supplementary Table 3).30,74,75 For subfoveal CNV,

alternative treatment included surgical removal of

CNV16,40,45 and transpupillary thermotherapy (TTT).

For peripapillary CNV in children, good results of

surgery,64 laser photocoagulation,70 and PDT have been

reported.71

PDT with verteporfin can be considered in the

pediatric population; several case reports suggest that

pediatric patients require fewer re-treatments compared

with adult patients to stabilize CNV and achieve an

improvement in visual acuity; however, atrophic

changes in RPE can occur.36,65,74,75 In our study, both

eyes undergoing surgical removal of CNV (100%)

showed improved visual outcome without recurrence.

In eyes undergoing surgical removal of subfoveal CNV,

Sears et al17 reported visual improvement in 83.3% eyes

and a recurrence rate of 33%; Uemura and Thomas16

reported visual improvement in 72% and a recurrence

rate of 35%. The better results in terms of visual

improvement and recurrence after surgical removal of

CNV in our study could be because of the fewer number

of patients as compared with the other two studies.

Moreover, both cases in our study had a shorter mean

follow-up (average 3 months) and one eye had

juxtapapillary CNV.

Current treatment options

The use of newer anti-VEGF agents in pediatric CNV

has been reported recently for both bevacizumab37,76,77

and ranibizumab.44 Isolated reports are available for

pegaptanib sodium.78 Combination treatments have

also been reported for CNV in children and

adolescents.29,49 In our series, one eye was treated with

intravitreal bevacizumab injection and another with a

combination of PDT and bevacizumab. With the

increasing use of anti-VEGF agents in younger patients

for CNV, safety and long-term visual outcomes remain a

concern. VEGF has an important role in normal

angiogenesis, regulation of vessel permeability, and in

maintenance of the blood–brain barrier. Hence, the

long-term results of inhibiting these functions by using

anti-VEGF agents in children need to be further

evaluated before concluding that these agents are safe in

children. In our case series, we did not observe any

short-term adverse ocular or systemic side effects of

treatment with intravitreal anti-VEGF agents. Moreover,
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no adverse events have been reported with the use of

intravitreal anti-VEGF agents in the published literature

for the treatment of pediatric CNV and other pediatric

eye diseases.37,44,76,77 Fewer injections of anti-VEGF

agents seem to be required to stabilize CNVs in children

compared with adults.76 The reason might be the better

health of the RPE pump in younger subjects than in

adults. Fewer injections may potentially decrease the

risk of adverse effects of anti-VEGF agents in younger

patients.76 In children, as reported by Avery et al,79 the

use of ranibizumab instead of bevacizumab may lower

systemic exposure, given its much shorter serum half-

life and as found in several animal studies.

In the era of treatment with anti-VEGF agents, the

ability of OCT to provide detailed information in

a noninvasive manner is of great importance.

The noninvasive OCT is especially useful over invasive

FFA, as repeated FFA may not be possible in children.

Furthermore, the CNV in children is classic.

Classic CNVs, being localized above the retinal pigment

epithelium, are clearly visualized by SD OCT. SD OCT

allows to detect in detail the structural changes in the

retinal pigment epithelium–photoreceptor complex and

to image the architecture of the CNV during the course of

treatment.80 In classic CNV, indocyanine green

angiography and FFA seem to underestimate the

extension of the neovascular complex and the associated

retinal pathologic features compared with SD OCT

imaging.81 Sulzbacher et al81 reported that as SD OCT

was more reliable in detecting leakage,

re-treatment based on SD OCT parameters should be

more effective and could replace angiographic imaging,

particularly because pharmacologic treatment works by

reducing leakage rather than by showing a true

antiproliferative effect.

Treatment of CNV due to inflammatory causes

There are reports of successful regressions of CNV in

children with inflammation control alone with systemic

corticosteroids with or without immunosuppressants.82

However, this may not always be successful,

necessitating additional treatment such as PDT.21

Reports on cases of inflammatory CNV in patients

younger than 18 years treated with PDT have suggested

the possibility of improved outcomes.21,22 Almony

et al83 reported the results of surgery in six patients with

peripapillary CNV secondary to POHS who were r18

of age.

Recent interest has focused on the antiangiogenic

approach for the treatment of inflammatory CNV.77

Intravitreal bevacizumab has been used for CNV related

to inflammatory diseases in patients younger than 18

years when underlying inflammation is controlled.77

Combination treatment has also been reported for

inflammatory CNV.29

Outcomes

Natural history group/Group 1

Spontaneous regression Spontaneous regression of

CNV was seen in 15 (41.7%) eyes. Of these, six eyes had a

follow-up of more than 1 month; visual improvement

was seen in one eye and stabilization in five eyes.

A previous report showed spontaneous involution in

58% of subretinal neovascular membranes in children

and adolescents,1 with 81.8% of these achieving a final

visual acuity of 20/50 or better. Literature reports that the

natural course of CNV seems to be more favorable in

pediatric patients than in adults.1,17

Persistence in natural course Two eyes had active CNV

that was not treated because of unwillingness of the

patient, and documented regression of CNV was not

available because of lack of follow-up.

Treatment group/Group 2

Regression with treatment Mean BCVA (logMAR 1.21)

in eyes with successfully treated subfoveal CNV was

better than in eyes with spontaneously regressed

subfoveal CNV (logMAR 0.632), as shown in the

Supplementary Tables. This highlights the importance of

early diagnosis and treatment, despite the high possibility

of spontaneous regression. Considering the time to

regression by etiology, post-inflammatory CNV (due to

serpiginous choroiditis and POHS), CNV secondary to

Best’s disease, and myopic CNV took longer to regress

(44 months), whereas unclassified inflammatory, VKH,

toxoplasmosis, Stargardt disease, and idiopathic CNV

regressed earlier (o3 months). The longest time to

regression after treatment was noted for myopic CNV

(Eye 35), as shown in Table 2. Although another eye with

myopic CNV (Eye 34) showed signs of scarring after 1

month of treatment, it reactivated twice at 3 and 16

months after the first treatment. This emphasizes the

recalcitrant nature of myopic CNV in children and

adolescents and the need for prolonged monitoring.

Persistence Among the 19 treated eyes, two eyes did

not show regression of CNV with primary treatment and

these patients were advised surgical management.

Patients denied treatment and there was no further

follow-up. Subfoveal CNV cases that showed no signs of

regression in children and adolescents were reported to

be associated with severe visual loss (o20/200)

secondary to disciform scar formation.1 A longer follow-

up of such patients in our series could have helped

understand this aspect better.
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Recurrence The overall recurrence rate in our study

was 8.3% (three eyes). This is probably lower than the

true incidence because of short follow-up. Interestingly,

all three recurrences were noted in treated eyes but none

in eyes with spontaneous regression.

This study has some inherent limitations, the major

one being the lack of long-term follow-up. Another

limitation is the perceived lack of OCT correlation in

several cases. However, some patients were treated

before the advent of OCT. Nevertheless, in the current

scenario, OCT is a standard investigation and helps

generate useful information regarding treatment

planning, efficacy, and follow-up. Even though

conventional FFA was performed in all eyes, wide-

field retinal imaging and angiography (for example,

RetCam, Clarity Medical Systems Inc., Pleasanton,

CA, USA) are other useful options. Furthermore, as the

present study comprises patients treated many years

ago with historic treatment modalities, it would be fair

to say that management strategies are still evolving.

CNV remains a cause of significant visual decline

in children and adolescents.84 Male predominance,

post-inflammatory etiology, bilateral affection,

and subfoveal location are noteworthy features.

Regression rates are high in response to treatment.

However, re-treatment is required in a limited number

of cases.

Summary

What was known before

K Inflammatory CNV is the most common type of CNV
among children and adolescents

K Subfoveal location is the most common site of CNV
among children and adolescents

What this study adds

K The two most common etiologies of CNV in children and
adolescents are post-inflammatory and Best’s disease.
Myopic CNV in children has a recalcitrant nature and
needs prolonged monitoring.

K The mean visual acuity in eyes with successfully treated
subfoveal CNV was better than that in eyes with
spontaneously regressed subfoveal CNV, highlighting
the importance of early diagnosis and treatment, despite
the high possibility of spontaneous regression.
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