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SUMMARY

Aim: To evaluate the epidemiological data, etiology and clinical characteristics, and to assess the efficacy and safety of intravitreal anti-vascular
endothelial growth factor (anti-VEGF) therapy in the treatment of choroidal neovascular membrane (CNV) in children and adolescents. The results are
compared with data from previously published studies and case reports.

Material and Methods: Retrospective analysis of medical records of patients treated for CNV at the Department of Pediatric Ophthalmology, University
Hospital Brno, between January 2015 and April 2025. The cohort consisted of 12 patients, including 7 males and 5 females. All the cases involved
unilateral disease; the right eye was affected in 7 patients and the left eye in 5. The mean age at onset was 11.8 years (range: 3-17 years). All underwent
a comprehensive ophthalmological examination including optical coherence tomography (OCT); in 7 cases the diagnosis was confirmed by fluorescein
angiography. The evaluated parameters included epidemiological data, clinical and morphological characteristics of CNV before and after anti-VEGF
therapy. The etiology of CNV in our cohort was as follows: post-inflammatory/post-infectious in 6 cases, idiopathic in 3 cases, and one case each of
myopic, post-traumatic, and neoplastic origin. The most common localization was subfoveal. All CNV lesions were classified as classic (type 2).
Results: All patients achieved either anatomical or functional improvement. No ocular or systemic adverse effects related to intravitreal anti-VEGF
therapy were observed during the study period.

Conclusion: Early diagnosis and intervention with anti-VEGF therapy show favorable outcomes, including stabilization and remission of the disease. In
our cohort, no adverse events or complications associated with intravitreal anti-VEGF administration were recorded. Continued research is essential in

order to gain a further understanding of the pathogenesis of pediatric CNV and to optimize treatment strategies in children.
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INTRODUCTION

Choroidal neovascular membrane (CNV) is a rare
pathology in pediatric patients, which may neverthe-
less cause serious damage to or even loss of central
vision, especially in the case that the lesion is located
in the central region of the retina. It differs from CNV
that occurs in the older adult population primarily in
its etiology, but also in its clinical picture and response
to therapeutic interventions [1]. Whereas in older pati-
ents the origin of CNV is mostly associated with age-re-
lated macular degeneration (ARMD), in children CNV
develops secondarily upon a background of another
predisposing pathology [2].

CNV forms in newly formed choroidal vessels, which
penetrate the Bruch’s membrane into the subretinal
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space or beneath the retinal pigment epithelium (RPE).
The initiating factor for the occurrence of CNV is breach
of the integrity of the Bruch’s membrane and pathologi-
cal changes of the RPE [3].

On the basis of the etiological factors, five categories
of causes of secondary CNV are defined in the professio-
nal literature: post-inflammatory/post-infectious, dege-
nerative/dystrophic, post-traumatic, myopic and neo-
plastic. In cases where the cause of CNV is impossible to
identify, we refer to idiopathic CNV (Figure 1A, B, C) [4].

INDIVIDUAL CATEGORIES OF CNV
Post-inflammatory/post-infectious (Figure 2A, B, C, D, E)

According to recently published studies incorporating
the largest cohorts of patients, inflammatory etiology re-
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presents the most common cause of choroidal neovascu-
lar membrane in children [5-7]. CNV may be manifested
in various stages of intraocular inflammation, from acti-
ve choroiditis or chorioretinitis, through medium-severe
uveitis to panuveitis [5]. A very common cause of post-
-inflammatory CNV is ocular toxoplasma chorioretinitis.
Determining the frequency of occurrence of CNV in this
pathology is problematic, since the affected patients
usually suffer from scotomas as a consequence of cho-
rioretinitis and are frequently unaware of further loss of
sight caused by CNV. Other infectious causes of post-in-
flammatory CNV include ocular toxocariasis, rubeola, sy-
philis, and in endemic regions a very common cause is
ocular histoplasmosis. Significant non-infectious causes
include punctate inner choroidopathy, multifocal chori-
oretinitis, Vogt-Koyanagi-Harada syndrome, serpiginous
chorioretinopathy and others [8].

Degenerative/dystrophic (Figure 3A, B, C)

CNV has been documented in a range of retinal dy-
strophies, such as Best vitelliform macular dystrophy,
Stargardt disease and retinitis pigmentosa. This ca-
tegory also covers CNV upon a background of optic
nerve drusen or other anomalies of the optic nerve
such as coloboma, optic nerve pits and morning glory
syndrome. In the case of anomalies of the optic nerve,
CNV more commonly has a peripapillary localization
[1]. Within the context of pathological myopia, predis-
posing factors for the occurrence of CNV include RPE
atrophy and cracks in the Bruch’s membrane, as a con-

sequence of which CNV is more probable in older pati-
ents with degenerative myopia. However, in rare cases
it also occurs in the pediatric population.

Post-traumatic (Figure 4A, B, C, D, E)

Most cases of post-traumatic CNV occur during the course
of healing of a rupture of the choroidal membrane, though
this is not a rule [9]. Risk factors for the development of CNV
include proximity of the rupture to the center of the fovea
and length of the rupture [10].

Neoplastic (Figure 5A, B, C, D, E)

Within this category, cases have been published of
CNV in children upon a background of choroidal oste-
oma or combined hamartoma of the retina and RPE.
Choroidal osteoma is a rare benign intraocular tumor,
which typically affects young, otherwise healthy female
patients in the first or second decade of life. However,
it may also be diagnosed in men, older persons or in-
fants [11,12]. It mostly concerns a unilateral affliction, al-
though bilateral cases have also been described [13,14].
The etiology of choroidal osteoma has not been fully
clarified to date. Potential factors under consideration
include inflammation, trauma, hormonal changes and
disorders of calcium metabolism. Clinically choroidal
osteoma is manifested as a yellowish or orange, slightly
elevated lesion with well-defined geographical edges.
The most common localization is the juxtapapillary or
peripapillary region, although it may encroach as far as
the macula. The prognosis of this pathology is generally

Figure 1. Fundus photograph of a patient with idiopathic juxtafoveolar CNV before treatment (A), HD-OCT - linear horizontal macular
scan of the patient before treatment (B), after administration of 3 ranibizumab injections (C)

CNV - choroidal neovascular membrane

HD-OCT - high-definition optical coherence tomography
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Figure 2. Fundus photograph of a patient with punctate inner choroidopathy before treatment (A), after administration of 3
ranibizumab injections (B), findings of well-demarcated whitish lesions in the retinal periphery (C). HD-OCT - linear horizontal macular
scan of secondary inflammatory CNV before treatment (D), after 3 intravitreal administrations of ranibizumab (E)

CNV - choroidal neovascular membrane
HD-OCT - high-definition optical coherence tomography

Figure 3. HD-OCT - linear horizontal macular scan of secondary myopic CNV in the left eye. Status before treatment (A) and status after
administration (B) of one, and simultaneously sufficient, intravitreal injection of ranibizumab. Fundus photograph at the last follow-up
examination (C), showing fibrotized extrafoveolar CNV lesion

CNV - choroidal neovascular membrane
HD-OCT - high-definition optical coherence tomography
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unfavorable, and depends on the presence of complica-
tions such as decalcification of the lesion, RPE atrophy,
presence of subretinal fluid or secondary CNV. At pre-
sent no standardized therapeutic protocol is in existen-
ce. Treatment is directed towards the management of
secondary complications, and includes laser photocoa-
gulation, transpupillary thermotherapy, photodynamic
therapy and intravitreal application of anti-VEGF prepa-
rations. According to the latest recommendations, intra-
vitreal anti-VEGF therapy is considered a safe and effec-
tive method upon the occurrence of secondary CNV
upon a background of choroidal osteoma, regardless of
the localization of CNV [15,16].

At present intravitreal preparations containing an-
ti-VEGF agents represent the standard therapeutic
choice in the management of CNV in pediatric pati-
ents. These substances inhibit angiogenesis and re-
duce vascular permeability, which may lead to stabi-
lization or improvement of visual functions [9]. With
the increasing amount of available clinical data con-
firming the beneficial effect of anti-VEGF therapy on
pediatric CNV, the previously preferred methods such
as laser photocoagulation and photodynamic thera-
py are now in decline.

With reference to the low incidence of this disease,
the observations we have to date are based predomi-

nantly on a limited number of retrospective studies
and case reports, in which no standardized therapeutic
protocol has yet been compiled. With reference to the
character of the disease and the specifics of the pedia-
tric population, the realization of a prospective rando-
mized controlled trial appears improbable.

MATERIAL AND METHOD

In our cohort of patients we retrospectively analyzed
medical records and pictorial documentation of 12 pe-
diatric patients in whom CNV had been diagnosed and
treated with an anti-VEGF preparation at our clinic in
the period from January 2015 to April 2025. The cohort
consisted of 7 male and 5 female patients. All the cases
involved unilateral disease; the right eye was affected
more commonly (n =7) in comparison with the left eye
(n = 5). The mean age at onset was 11.8 years, with an
agerange of 3to 17.The analyzed epidemiological and
clinical parameters included: sex, age at time of dia-
gnosis, clinical symptoms, initial best corrected visual
acuity (BCVA), final BCVA and the number of applica-
tions. Morphological parameters were also evaluated:
localization of CNV, etiology of CNV, category of CNV,
initial and final central retinal thickness (CRT).

All the patients underwent a comprehensive ophthal-

Figure 4. Fundus photograph of a patient with severe ocular contusion, showing subretinal hemorrhage in the macula and rupture
of Bruch’s membrane on the day of injury (A), during the formation of secondary traumatic CNV (B), and at the most recent follow-up
examination (C). HD-OCT - high-definition linear horizontal macular scan of secondary traumatic CNV, prior to (D) and following 3

intravitreal injections of ranibizumab (E)
CNV - choroidal neovascular membrane
HD-OCT - high-definition optical coherence tomography
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Figure 5. Fundus photograph of a patient with choroidal osteoma at the time of secondary neoplastic CNV development (A) and at the
most recent follow-up examination (B). HD-OCT - high-definition linear horizontal macular scan of secondary neoplastic CNV prior to

therapy (C), during disease remission (D), and at the recurrence of CNV activity in the latest follow-up period (E)
CNV - choroidal neovascular membrane
HD-OCT - high-definition optical coherence tomography

mological examination and laboratory blood test. BCVA
was examined on a Snellen chart and subsequently
converted to a decimal value. CNV was detected by
biomicroscopic examination of the ocular fundus and
optical coherence tomography (OCT). Fluorescein an-
giography was used in 7 cases in order to confirm the
diagnosis, determine the type of CNV and identify its ac-
tivity. The subjective complaints in determining the dia-
gnosis included: blurred vision, perception of a greyish
deposit and scotoma of the visual field. In two patients
no subjective complaints were manifested, and CNV
was diagnosed during a routine preventive eye check.
The ocular pathologies predisposing the onset of CNV
in our cohort include: chorioretinitis (n = 5), punctate
inner choroidopathy (n = 1), traumatic choroidal ruptu-
re (n = 1), choroidal osteoma (n = 1) and pathological
myopia (n = 1). In 3 patients the cause was not clarified
and the cases were classified as idiopathic CNV.

With the aid of OCT scans we compared initial and
final CRT. On individual OCT horizontal scans with
high resolution we measured retinal thickness in
the region of the deposit. Based on the distance of
the CNV deposit from the foveal avascular zone, CNV
was classified as subfoveal, juxtafoveal (up to 199 um
from the foveola) and extrafoveal (more than 200 um
from the foveola). OCT was also used to monitor the
effectiveness of therapy by identifying the presence
of intraretinal or subretinal fluid. All the cases repre-
sented classic CNV, also known as type 2. According
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to the OCT examination, average retinal thickness in
the location of the deposit before the commence-
ment of therapy was 624 um (range 451-1050 um),
after treatment 488 um (range 356-733 um). Aver-
age initial CRT was 325 uym (257-479 um), final CRT
232 um. The most common localization of CNV was
the subfoveal region, which was affected in 7 pati-
ents; in 4 patients CNV was juxtafoveal and in one pa-
tient the localization was extrafoveal.

During the course of therapy no standardized pro-
tocol was available for the application of anti-VEGF to
children. In each patient the number of applications
was assessed individually on the basis of the activity of
the disease, localization of the lesion and the type of
underlying ocular pathology. In 9 cases a fixed dosage
of 3 injections at monthly intervals was used, in which
activity ceased after the third injection and no further
application was indicated. In the case of myopic CNV,
due to the extrafoveal localization and only slight
deterioration of vision one dose of ranibizumab was
applied, which led to the elimination of edema and re-
gression of the thickness of the deposit. The patient
remained under observation. In one case of a patient
with choroidal osteoma, as a consequence of persis-
tent CNV activity and progressive shortening of the
interval between applications a transition to the phar-
maceutical preparation aflibercept, in which effecti-
veness has been recorded in patients not responding
to treatment with bevacizumab or ranibizumab, is pla-
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nned in the forthcoming period [17]. In all cases the
standard dose of the drug designated also for adult
patients was used - ranibizumab (Lucentis, Novartis,
0.5 mg in 0.05 ml). The application of the pharmaceuti-
cal took place under general anesthesia with the aid of
a needle with a diameter of 30 gauge (0.3 mm) inserted
3.5 to 4 mm posterior from the limbus. The total aver-
age number of applied injections in all patients in the
period of observation was 3.4 (range 1 to 10). In three
cases of post-inflammatory CNV, in which an infectious
etiology was presumed, the patients were treated with
general antibiotic and corticosteroid therapy before
the application of the anti-VEGF treatment.

Between the individual applications the patients
underwent regular outpatient monitoring examinations,
which incorporated assessment of BCVA, examination on
a slit lamp, biomicroscopic examination of the ocular fun-
dus, and if necessary photography of the ocular fundus
and OCT examination. The average observation period
was 35 months, with a range of 5 to 97 months.

RESULTS

Mean initial BCVA was 0.277 decimal (logMAR 0.56),
with a range of 0.014 to 1.0 decimal. After the conclusi-
on of therapy, mean final BCVA attained a value of 0.65
decimal (logMAR 0.19), within the range of 0.133 to 1.0
decimal. Acquired visual acuity (VA) was on average 0.38
decimal. A deterioration of VA was not recorded in any
of the patients. Mean reduction of CRT was 94.9 um. In
all cases a positive functional or anatomical effect was
observed. Throughout the entire observation period no
adverse ocular or systemic effect was recorded in associ-
ation with the application of ranibizumab.

More detailed characteristics of the individual cases
are described in the tables. Table 1 summarizes the fo-
llowing epidemiological and clinical data: sex of patient,
age at time of diagnosis, initial and final BCVA, number

Table 1. Demographic and Clinical Data of Patients

of intravitreal injections. Table 2 presents morphologi-
cal data: localization, etiology and category of CNV, ini-
tial and final CRT.

DISCUSSION

Although choroidal CNV is considered a rare disea-
se within the pediatric population, from the perspec-
tive of the number of years it is experienced by the
patient its impact is significant. To date only a small
number of retrospective studies have been published
describing the incidence of CNV in children. The first
and so far only population data on the incidence of
CNV were published in a study by Moosajee et al.
from the United Kingdom relating to children aged
16 years or younger, with an annual incidence of 0.21
per 100 000 [7]. Knowledge of CNV in adults cannot
be directly extrapolated to the pediatric population,
since the pathogenesis and clinical course of CNV in
children differs markedly from those in adults. Unli-
ke the development of CNV in the older population,
where in most cases the cause is exudative ARMD, in
children a different underlying ocular pathology is of-
ten present.

As regards the etiology of CNV in children, a variety of
most common causes are stated in the professional lite-
rature. According to the publication by the authors Moo-
sajee, Rishi et al., the most common cause is inflamma-
tory pathology, whereas in the studies by the authors
Rego-Lorca, Padhi et al. the most common cause is stated
as Best disease [5-7,18,19]. In our cohort of patients the
most common etiology was post-inflammatory and post-
-infectious, which occurred in 50% of cases, followed by
idiopathic etiology. An idiopathic cause was represented
in 25% of our cohort, which corresponds approximately
with the proportion of CNV with idiopathic origin presen-
ted in other studies [2,20,21].

In general it is possible to state that the most com-

| Patient | Sex | Laterality | Ageatdiagnosis | Initial BCVA (decimal) | Final BCVA (decimal)
1 RE 12 09 3

F 0.01
2 F RE 14 0.01 0.15 3
3 F LE 14 1.0 1.0 1
4 M LE 5 0.1 0.17 3
5 M RE 3 0.05 0.13 3
6 M RE 17 0.25 0.8 3
7 M LE 15 0.2 0.3 10
8 M LE 16 0.4 0.9 3
9 F RE 16 0.25 1.0 3
10 M RE 11 0.1 1.0 3
11 F LE 9 0.3 0.5 3
12 M RE 9 0.4 1.0 3

M —-male, F - female, RE- right eye, LE- left eye, BCVA - best corrected visual acuity, no. — number
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Table 2. Morphological Data of CNV and Changes in CRT

mm Etiology Initial CRT, pm | Final CRT, pm CRT reduction, um

1 juxtafoveal not found idiopathic
2 subfoveal mL."tlfo.ca.l . inflammatory
chorioretinitis
extrafoveal pathological myopia  degenerative
4 subfoveal HSV chorioretinitis inflammatory
5 subfoveal toxc.>plas.m.|c. inflammatory
chorioretinitis
6 subfoveal choroid rupture post-traumatic
7 subfoveal choroidal osteoma neoplastic
. ic viral . .
8 juxtafoveal sy§tem|§ vira post-infectious
infection
9 subfoveal punct.ate nner inflammatory
choroidopathy
10 subfoveal toxc.)plas.m’lc' inflammatory
chorioretinitis
11 juxtafoveal not found idiopathic
12 juxtafoveal not found idiopathic

198

437 194 243
263 259 4
306 200 106
296 243 53
283 243 40
267 235 32
283 242 41
479 277 202
297 252 45
257 237 20
477 208 269

CNV - choroidal neovascular membrane, CRT - central retinal thickness, um — micrometer

mon causes of pediatric CNV according to the available
data include chorioretinitis and Best disease. However,
in our cohort we did not encounter a diagnosis of he-
reditary retinal dystrophy, which may be a consequen-
ce of the limited number of patients. The average age
upon determination of the diagnosis of pediatric CNV is
consistent across the majority of studies, and is within
the range of 11 to 12 years.

In accordance with the data published to date, in our
cohort of patients we recorded a markedly higher inci-
dence of subfoveal form of CNV in comparison with jux-
tafoveal and extrafoveal forms [1,5,6,19,21]. The higher
frequency of the classic form of CNV in comparison with
occult or mixed forms also corresponds with the data
presented in the literature [19]. These findings, like the
lower number of applications in comparison with the
treatment of CNV in the adult population, are probably
linked to the better functional integrity of the RPE and
the absence of chronic degenerative changes of this
layer in pediatric patients [21,22].

The therapeutic approach in pediatric patients with
CNV is individual, and depends on the activity, localiza-
tion and presence of other predisposing pathologies. It
may also differ according to the experiences of the cen-
ter in question. In a study conducted by Zhang et al. it
is stated that an effective therapy is 1 initial injection
of anti-VEGF preparation followed by a pro re nata re-
gimen [6]. In our cohort a fixed application schema was
used on 9 patients, consisting of 3 injections at monthly
intervals. In the case of myopic extrafoveal CNV an in-
dividual dose was administered with complete elimina-
tion of activity of the deposit, and in the case of CNV
associated with choroidal osteoma, due to persistent
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activity of CNV after the fixed loading phase, this was
followed by therapy in a pro re nata regimen.

Mean BCVA upon determination of the diagnosis in
our cohort was logMAR 0.56, which is a slightly higher
value than stated in other studies. For example, Rishi et
al. state logMAR 1.02 [5], Ranjan et al. mean logMAR 0.8
[23] and Rego-Lorca et al. logMAR 0.57 [18]. By contrast
Finn et al. state mean BCVA at logMAR 0.53 upon deter-
mination of the diagnosis [11]. In most of the published
studies an improvement of VA was recorded during the
course of observation. Rishi et al. recorded a final impro-
vement to logMAR 0.87, Ranjan et al. state an improve-
ment from logMAR 0.8 to 0.4, while Finn et al. attained
an average BCVA of 0.37. In our cohort there was a sig-
nificant improvement of BCVA from a mean logMAR of
0.56 to 0.19. A comparison of the results from different
studies shows considerable variability in the clinical
manifestations and prognosis in pediatric patients with
CNV. This variability is probably caused by the differen-
ces in the etiology of origin of CNV and subsequent
pathophysiological mechanisms that influence final VA
and the activity of the pathology.

An interesting finding is the distribution of frequency
of cases in our cohort during the course of the observati-
on period. In the years 2015 and 2016 no treatment with
injections of anti-VEGF for CNV was indicated at our cli-
nic. We recorded the largest number of diagnosed cases
and indications for therapy in 2024 and in January and
February of this year. The increase in the incidence in the
most recent years is probably due to better diagnostic
possibilities and increased awareness among professio-
nals in the field concerning the incidence and options for
treatment of CNV in children. Some studies indicate that
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this may also represent an increased incidence of predis-
posing pathologies within this age group [25].

No adverse ocular symptoms were recorded during
the observation of our patients. However, it is necessa-
ry to note that long-term data on the metabolism of
anti-VEGF molecules in children is unavailable to date.
VEGF plays a crucial role in normal angiogenesis, regu-
lation of permeability of vessels and maintaining the
functions of the blood-brain and blood-retinal barriers.
It is not yet clear as to how serum levels of anti-VEGF
influence the child brain [24]. As a result it is essential
to carefully monitor the long-term effects of inhibition
of these functions in the pediatric population.

With reference to the rare nature of pediatric CNV, it
is not possible to expect the realization of large rando-
mized controlled trials. As a result it is probable that
intravitreal anti-VEGF therapy shall continued to be
considered an off-label indication [20].

CONCLUSION

CNV in children represents a very rare pathology,
a consequence of which is the limited amount of pub-
lished data, and no specific therapeutic protocol for the
treatment of this disease in the pediatric population
exists to date. However, without adequate treatment
CNV may constitute a significant threat to sight. In our
cohort of patients, as well as in the studies published
to date, therapy of pediatric CNV with the aid of an an-
ti-VEGF preparation appears to be a safe and effective
method of treating this diagnosis in children.

Nevertheless, as yet there are no available data con-
cerning the long-term side effects or metabolism of an-
ti-VEGF molecules in children, which may differ from the
data obtained in the adult population. For this reason it
is important to continue to focus systematically on this
subject, and to publish the obtained clinical data.
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