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Angioid streaks of the retina
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This paper is a review of the current literature on the etiology, pathogenesis, clinical
picture and treatment of angioid streaks of the retina.

Angioid streaks (AS) are a disease of the fundus characterized by cracks in the
thickened, calcified and abnormally brittle collagenous and elastic layers of the
Bruch's membrane; in up to 50% of cases, associated with a systemic condition,
most commonly pseudoxanthoma elasticum (PXE), Paget's disease of bone, and
etc. Various diagnostic techniques (visual acuity testing, refractometry, tonometry,
slit-lamp examination of the anterior segment, ophthalmoscopy, retinal fluorescein
angiography (FA) and optical coherence tomography (OCT)) are used for the
diagnosis, assessment, and monitoring of the disease. Choroidal neovasculatization
(CNV) is the most common complication leading to reduced vision. Intravitreal anti-
vascular endothelial growth factor administration is currently the most effective

administration treatment for CNV.

Angioid streaks (AS) are a disease of the fundus
characterized by cracks in the thickened, calcified and
abnormally brittle collagenous and elastic layers of the
Bruch's membrane.

They were first described by Doyne in 1989 as irregular
radiating lines extending from the optic disc to the peripheral
retina found in eyes with peripheral hemorrhages after
blunt trauma [1]. In 1892, Knapp was the first to coin the
term “angioid streaks” because they can closely resemble
blood vessels [2]. Not until 1917 did Kofler correctly
determine that angioid streaks represented changes at the
level of Bruch's membrane [3]. Clinical examination with
subsequent histopathological findings by Bock [4] in 1938
in two patients with pseudoxanthoma elasticum confirmed
that the underlying abnormality was not vascular in nature
but rather a structural alteration in Bruch’s membrane.
A few years later similar histopathological results were
found in patients suffering pseudoxanthoma elasticum,
Paget’s disease, but also from systemic diseases [5].

Etiology and epidemiology

As much as 50% of all cases occur idiopathically
[6]. Angioid streaks may be found most often in
pseudoxanthoma elasticum (PXE or Gronblad—Strandberg
syndrome) which 1is characterized by progressive
calcification and degeneration of elastic fibers. The name
comes from Ester Elisabeth Gronblad (1898-1942), a
Swedish ophthalmologist, and James V Victor Strandberg
(1883-1942), a Swedish dermatologist who discussed the
association between eye and skin findings in PXE [7].
The frequency of AS in patients with PXE varies between
59% and 87%, based on whether the pseudoxanthoma was
diagnosed clinically or with skin biopsy. Practically all
PXE patients will have developed angioid streaks 20 years
after first diagnosis [8].

Other associations of angioid streaks include [8, 9]:

e Ehlers Danlos syndrome

e Marfan syndrome

® Paget's disease of bone- Angioid streaks are noted in
up to 10% of cases.

e Sickle cell disease- Angioid streak is noted in
around 1-2% cases, usually after the 3rd decade. Angioid
streaks have been reported in sickle cell trait, homozygous
sickle cell disease, sickle cell-thalassemia, and sickle cell
hemoglobin C disease.

e Other hemoglobinopathies- acquired hemolytic
anemia, hereditary spherocytosis, beta thalassemia major,
beta thalassemia minor, beta thalassemia intermedia,
hemoglobin H disease, and congenital dyserythropoietic
anemia type 1.

e Acromegaly,

e Hemochromatosis

e Diabetes mellitus,

e Sturge Weber syndrome with facial angiomatosis,

e Myopia

e Hyperphosphatemia

e Neurofibromatosis

e Hypercalcemia

® Abetalipoproteinemia

e Familial polyposis of the colon

e Congenital hypertrophy of retinal pigment epithelium

e Diffuse lipomatosis

e Cutaneous calcinosis

e Microsomia

e Trauma

e Hypertensive coronary disease

eSenile elastosis

eEpilepsy
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Some authors, however, noted that angioid streaks are
not a common feature of Ehlers Danlos syndrome, and have
questioned the association of the two conditions [10, 11].

The exact prevalence of PXE is unknown, but estimates
of 1:20,000 to 1: 100,000 live births have been quoted.
That is, estimates suggesting that the global prevalence is
1 in 50,000 would imply that there could be as many as
150,000 patients affected with PXE worldwide. Even this
number may be an underestimate, since PXE, like many
genetic conditions, has variable expressivity and its milder
forms often remain undiagnosed for years or even for the
lifetime [6, 12]. PXE has been suggested to be more severe
in women, and female/male incidence rate was reported as
2:1[13].

The inheritance of PXE is autosomal recessive and
the causative mutation for PXE has been localized to
the ABCC6 gene transporter protein on chromosome 16.
Mutations in the ABCC6 gene lead to reduction or absence
of the transmembrane transport ADP dependent protein
(MRP6), causing an accumulation of extracellular material
[6, 14]. The ABCC6 gene in patients with AS was scanned
for putative mutations by single-strand conformation
polymorphism technique, and a specific base substitution
of ¢.G3803A was identified in exon 27, resulting in a
change in codon from CGG to CAG (p.R1268Q). The
authors concluded that the missense mutation p.R1268Q
is associated with the disease state of AS [15]. Subsequent
examination of a cohort of 54 Japanese patients with AS,
identified six mutations (p.R419Q, p.E422K, c.2542delG,
Del exon23, ¢.3774-3775insC, and p.E1427K) as
causal mutations for this eye disease [16]. Katagiri and
colleagues [17] concluded that the results of their study
indicated that ABCC6 variants play a significant role in
patients with AS in the Japanese population. They found
four variants (p.V848CfsX83, p.Q378X, p.R1357W and
p-R419Q) to be significantly associated with AS, and
their findings suggested that the ABCC6 variant spectrum
differs between Asian and European populations. They
also concluded that AS are a hereditary retinal disorder,
although the inheritance pattern has not yet been fully
elucidated [17].

Pathogenesis and histology

The pathogenesis of AS, especially in patients
with pseudoxanthoma elasticum (PXE), is based on
mineralization of the elastin-rich Bruch's membrane due
to the absence of systemic antimineralization factor(s),
which leads to calcification of elastic fiber-rich connective
tissues, particularly, those of the membrane. The condition
can result in rupture of blood vessels, leading to further
deterioration of the visual function.

Pathogenetically, the development of AS is believed to
be as follows. The early stages are characterized by BM
thickening and/or reduction in pigment granule size, and
redistribution of pigment in the retinal pigment epithelium
(RPE). These abnormalities may be accompanied by
changes in the above-lying retinal layers and underlying
choroidal capillary layer. Subsequently, the disease can

progress to the development of subretinal neovascular
membrane (SNM) due to fibrovascular tissue growth
through the breaks of Bruch's membrane resulting from
changes in vascular endothelial growth factor (VEGF)
activity. A disciform scar develops in the presence of the
SNM in the terminal stage of untreated disease [18].

The following histopathological abnormalities are
noted in angioid streaks: thickening and mineralization of
the Bruch’s membrane; well-delineated crack-like breaks
in the collagenous and elastic layers of Bruch's membrane;
neovascular or fibrovascular tissue may develop at the
margin of Bruch's membrane and grow beneath the retina
or the RPE. Actually, angiois streaks are breaks in the
Bruch's membrane [19].

The fragility and opacification of the Bruch's
membrane may be primarily due to the degeneration of the
elastic portion of Bruch's membrane along with deposition
of calcium, magnesium, or iron salts due to disturbed
metabolism. These changes appear mostly peripapillary
and do not involve the ora serrata. The orientation of
angioid streaks may be related to force lines due to the pull
of intrinsic and extrinsic muscles of the eye around a fixed
location (e.g., optic nerve) [5].

In PXE, the elastic tissue in the aorta shows thickening
and disintegration, an there is degeneration of the
choriocapillary and ciliary network [20].

Clinical picture

Although commonly the diagnosis is not difficult,
angioid streaks can sometimes be confused with retinal
vessels on non-meticulous and/or hasty ophthalmoscopy.

AS are asymptomatic unless the fovea is involved, and
found incidentally during a routine eye examination. If the
macula (especially, the foveola) is involved, patients with
AS may present with decreased vision and metamorphosia.
In addition, these patients may present with decreased
vision if CNV and/or AS develop at the foveola, leading to
subretinal hemorrhages. These hemorrhages are commonly
located in the posterior pole and resolve spontaneously
[21,22].

Patients with AS associated with CNV complain
of decreased vision and metamorphosia. Subretinal
neovascular membranes are commonly located adjacent to
AS. CNV represents a major cause of severe visual loss
in patients with angioid streaks. While type 2 CNV is the
most common presenting anatomical subtype of NV to
occur in the setting of angioid streaks, type 1 and mixed
(type 1 and type 2) lesions occur in up to 16% of eyes [23].
The complaints characteristic of AS-associated CNV are
made earlier than those of exudative age-related macular
degeneration (AMD)-associated CNV [14]. If untreated,
the growth of choroidal neovascular membranes results
in subretinal scarring, leading to significantly decreased
vision.

An associated feature of AS is a 'peau d'orange' fundus
appearance: there is pigmentary mottling (small areas of
pigmentation which are sometimes confluent at the level
of retinal pigment epithelium interspersed with normal
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fundus color) specifically temporal to the fovea sometimes
reaching the equator, giving an appearance of the skin of
an orange. Changes that extend to the optic disc nasally
are rarely seen, and are less common in AS associated
with sickle cell anemia or Paget’s disease. Peau d'orange
appearance of the fundus is noted in children even before
the development of angioid streaks.

AS appear as narrow, jagged lines deep to the retina,
almost always bilaterally. Angioid streaks typically radiate
out in a cruciate pattern from an area of peripapillary
pigment alterations (and taper as they extend from the
optic disc towards the peripheral retina), although they
may form a circumferential ring around the peripapillary
area as well (Fig. 1).

AS are evident in fundoscopy a few millimetres
from the optic disc and rarely occur in the periphery of
the posterior pole. They are clinically characterized by
a variable caliber (50-500 pm), serrated margins of the
streaks, and subretinal location (the retinal vessels are
superficial to the angioid streaks).

The color of AS depends on the background coloration
of the fundus and the degree of atrophy of overlaying
RPE. Thus, angioid streaks are red in light-colored
individuals, while in patients who have darker background
pigmentation, they are usually medium to dark brown.
With age, they become darker, whereas the RPE becomes
less colored. In addition, with age, the number, width,
and length of angioid streaks may increase. Sometimes
AS are extremely dark and have several bonds between
them giving the appearance of a 'spider's web' in the retina.
In other occasions a fibrous connective tissue develops
around angioid streaks which appear obscure and light-
colored [7, 24, 25].

Other typical ocular manifestations of angioid streaks
include:

e Optic nerve head drusen or hyaline bodies are seen in
about 5% cases with PXE and angioid streaks, the disc is
hyperautofluorescent and shows hyperechoic lesion with
acoustic shadow on ultrasound of the optic nerve head.

e Macular thinning or pigmentary changes- The
changes are usually bilateral, and there is no hemorrhage
or hard exudates.

e Pattern dystrophy of the macula (including fundus
pulverulentus,  butterfly-shaped  dystrophy, fundus
flavimaculatus, reticular dystrophy, and vitelliform pattern
dystrophy). The type of pattern dystrophy may change with
time, and the changes of pattern dystrophy may appear on
follow-up.

e Small round RPE atrophic patches- These may have
a white, yellow, or pink color. Punched out scars similar
to presumed ocular histoplasmosis syndrome (POHS) may
also be seen.

e C(rystalline bodies or whitish subretinal round
lesions in mid-peripheral fundus usually inferiorly- Some
of these nodules have Comet-like tail of depigmentation.
Crystalline body is seen in up to 75% of cases.

e Atrophy of RPE near the angioid streak [26]

e Retinal telangiectasis can be associated with AS in
elderly patients and in sickle cell haemoglobinopathy [27].

e Polypoidal choroidal vasculopathy [28, 29]

e Traumatic rupture of the Bruch’s membrane or
choroid [22].

The following symptoms are seen in PXE-associated AS:

e Skin lesions (discrete in early-stage and later
confluent yellowish papules or pseudoxanthomas) at the
sides of the neck, umbilical region, and flexures like elbow
giving a 'plucked chicken' appearance

e Gastrointestinal bleeding

e Intermittent claudication/ peripheral arterial vascular
disease

e Coronary artery disease

e Aneurysms at brain, kidney, mesentery causing
hemorrhage

o Brain infarct or hemorrhage [7].

Between 72% and 86% of patients with AS will develop
CNV in one eye, with 71% going on to develop CNV in
the other eye, after roughly 18 months [2, 30].

The risk of developing CNV increases with age. Other
risk factors comprise the width, length and location of
the AS. The wider and longer are the angioid streaks the
higher the risk for CNV and especially if the lesions are
located in a distance less than one optic disc diameter from
the foveola [31]. Angioid streaks associated with PXE
have a relatively high probability of developing macular
CNV; the opposite happens in patients suffering sickle-cell
anemia [31, 32].

Macular CNV is the major cause of severe visual loss
in these patients [33].

The major problem in managing CNV in eyes with AS is
recurrence. In several years, subretinal neovascularization
may recur or new CNV may develop at distant sites.

Final visual acuity depends mainly on the patient’s age
at the onset of symptoms as well as the presence of any
systemic disease [22].

As discussed above, the disease has a progressive
course; the following stages are distinguished:

Stage 1 (asymptomatic): AS are asymptomatic and are
found during a routine fundus examination, eye functions
are preserved, and patients may have complaints related to
the foveal Bruch’s membrane defect;

Stage 2: patients have decreased vision and
metamorphosia related to subretinal neovascular
membranes; angioid streaks present with decreased vision
and metamorphosia related to subretinal neovascular
membranes;

Stage 3: patients have significantly decreased vision
(as low as a few hundredths of a unit), with their eyes
showing extensive choroidal atrophy [34].

Diagnosis

Patients with AS should receive a comprehensive eye
examination including visual acuity testing, refractometry,
tonometry, slit-lamp examination of the anterior segment,
ophthalmoscopy, retinal fluorescein angiography (FA) and
optical coherence tomography (OCT). Although angioid
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streaks areusually diagnosed based on ophthalmoscopy (Fig.
1), FA may be helpful in the diagnosis if ophthalmoscopic
findings are inadequate or doubtful (Fig. 2).

Early fluorescence and accumulation of fluorescein
dye in the site of RPE defect (‘window defect’) are usually
seen on FA of eyes with AS. Fluorescein leakage is evident
when CNV (Figs 3, 4) is present [35].

On fundus autofluorescence imaging, AS appear as
hypoautofluorescent fissures, sometimes showing expansion
of the hypoautofluorescence suggestive of RPE absence or
atrophy. Drusen of the optic nerve are frequently associated
with AS and appear as autofluorescent bodies [36].

Abnormalities of the RPE-photoreceptor complex
detected by FAF imaging were more diverse and
widespread than those found by fundoscopy or FA [37].

The angioid streaks having adjacent RPE alterations
appear brick red, and infrared imaging showed them as
well-demarcated dark fissures, even when these passed
unnoticed on funduscopy [38].

Indocyanine green angiography (ICGA) can be helpful
in some rare cases when ophthalmoscopy and FA cannot
confirm the diagnosis of AS. Such occasions involve the
severe lesions of RPE which cause hyperfluorescent lines
that are obscure or the development of macular CNV; in
these cases ICGA demonstrates the neovascular membrane
more clearly than FA. ICGA shows hyperfluorescent lines
with ‘pinpoints’ over their whole length that are larger and
more numerous than those on fluorescein angiography or
red-free photography. On the contrary, recently developed
angioid streaks become evident only at the late stage of the
examination and have the appearance of hypofluorescent
linear distortions around optic nerve head or posterior pole.
Although Lafaut and colleagues [39] concluded that ICGA
outlined angioid streaks better than FA in the majority of
cases, and occult choroidal neovascularization was better
defined by ICGA, in their study, 18% of funduscopically
visible streaks could not be visualized by ICGA.

OCT is a current non-invasive method for diagnoisis of
various fundus disorders [40, 41]. In a study by Marchese
and colleagues [42], Bruch’s membrane undulations,
mostly observed around the optic nerve head, were found
in 19 (59.4%) of 32 eyes with AS. In addition, evolution
of BM undulations into Bruch’s membrane breaks was
observed in 5 eyes (15.6%). Moreover, CNV was observed
in 12 eyes (37.5%) during follow-up, typically in areas of
Bruch’s membrane interruption (Fig. 5).

In a study by Ellabban and colleagues [25], the macular
area of 39 eyes of 23 patients with AS and of 20 normal
eyes of 20 matched controls (Group 1) was studied with
a swept source OCT system. Eyes with angioid streaks
were classified into 1 of 4 groups: those without choroidal
neovascularization (CNV) (Group 2); those with CNV that
had no history of treatment (Group 3); those with CNV
that had previously received only anti-vascular endothelial
growth factor treatments (Group 4); and those with CNV
that had previously received photodynamic therapy (Group
5). Mean choroidal thickness of the macula in Group 2

(218.9 + 46.8 um) was as great as that in Group 1 (218.8
+ 69.2 um). However, the macular choroidal thickness in
Group 3 (119.7 £ 49.2 um), Group 4 (140.1 £ 64.9 um),
and Group 5 (144.0 + 52.6 pum) was significantly less
than that of Group 1 (P < .05). There were no statistical
differences between Groups 3 through 5. In each group,
the choroid of the nasal quadrant was significantly thinner
compared to that in other quadrants (P <.05).

Multimodal imaging in combination with optical
coherence tomography angiography (OCTA) provides
us with an excellent tool for the early detection and
monitoring of AS related CNV [43, 44]. In a study by
Chapron and colleagues [43], OCT-A was able to detect
CNYV associated with AS in 87.5 % (28/32) eyes. OCT-A
phenotypes of CNV were classified into interlacing pattern
in 9 eyes, pruned vascular tree pattern in 7 eyes, and
combined pattern in 12 eyes. Moreover, 6/32 eyes (18.75%)
presented a dark area surrounding the neovascular complex
(“dark halo”). All eyes that presented a dark halo received
an anti-VEGF treatment in the past 6 months (p = 0.024)
and 4/6 eyes (66.7%) had exudative signs (p = 0.165).
There was a statistically significant association between
antiangiogenic treatment and pattern type, as follows:
recent anti-VEGF treatment (<6 months) was associated
with both the interlacing and combined patterns, while in
the eyes without treatment in the last 6 months the pruned
vascular tree pattern was prevalent (p < 0.001).

Differential diagnoses of angioid streaks include [7]:

e Normal retinal vessels

e [acquer's cracks- A degenerative finding noted in
pathological myopia, also characterized by breaks in the
Bruch's membrane. It may be associated with subretinal
hemorrhage without evidence of CN'V.

o Reticular dystrophy of the retinal pigment epithelium
(RPE)- It is characterized by RPE changes that cause
pigmentation in 'fishnet with knot' pattern. The changes
are located at the posterior pole and may cause a round
circle similar to angioid streaks.

e Subretinal tracks due to ophthalmomyiasis interna
are smooth and may cross each other multiple times.

e Subretinal bands may be noted in long-standing
retinal detachment or operated retinal detachment cases,
which may simulate angioid streaks.

o Bilateral disciform scars may be seen in wAMD.

® Peripheral punched out scars may simulate presumed
ocular histoplasmosis syndrome.

Prognosis

Angioid streaks of the fundus are not apparent at birth.
Mansour and colleagues [45] examined in a retrospective
manner the fundus pictures of 111 subjects with AS. The
earliest form of AS became apparent at age 8 with findings
of narrow short radial discontinuous hypopigmented
streaks. Thereafter AS enlarged in length and width. The
end-stage was disciform macular degeneration, helicoid
peripapillary atrophy, or diffuse choroidal sclerosis with
obscuration of the AS.
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The visual prognosis of untreated patients with
choroidal neovascularization is poor.

Systemically, = though  most  patients  with
pseudoxanthoma elasticum have a normal life span,
early death can occur due to gastrointestinal hemorrhage,
cerebral hemorrhage, and myocardial infarction [8].

Treatment

Angioid streaks are usually asymptomatic and do not
need any treatment.

However, these eyes are more prone to develop
subretinal hemorrhage after trivial trauma and the clinical
team, and the patient should be educated to use protective
eyewear.

All patients with angioid streaks should be screened
for potential systemic associations. Examination of family
members may give clue to the systemic disease.

In cases with subretinal hemorrhage, a fundus
fluorescein angiogram should be performed to rule out
CNV. If CNV is absent, the hemorrhage usually resolves
on its own.

If CNV is detected, the management options include
the following.

Laser photocoagulation

Clarkson and colleagues [46] presented a case series
report of six patients with angioid streaks and CNV
of the macular region, who were treated with a thermal
laser directly targeting the neovascular membrane. Their
results were devastating and all patients developed further
expansion of the neovascularization causing loss of central
vision. At the same time, other small case series reports
stated that laser photocoagulation had some encouraging
results in neovascularization outside the foveolar region
[47, 48, 49].

In 1988, Gelisken and colleagues [50] presented the
results of a study involving 30 eyes with CNV due to
angioid streaks. All patients were treated with green argon
or krypton laser and the follow-up was two months to
16 years. The authors concluded that the eyes which had
extrafoveolar neovascular membranes benefited from the
application of thermal laser since they retained a useful
vision compared to the eyes that remained untreated.
Additionally, they stressed that in cases of subfoveal CNV,
no treatment should be applied. Finally, they suggested
that no statistically significant difference was observed
in using argon and krypton laser, but they preferred the
latter. During the last 20 years, several clinicians drew
the same conclusion from these results and thus the
dominant contemporary theory is that the efficacy of
photocoagulation for macular CNV in angioid streaks
is of limited application due to the high percentage of
neovascular membrane relapse.

Transpupillary thermotherapy (TTT)

The diode laserused in TTT beam causes less absorption
by the RPE and deeper penetration in the choriocapillaris.

There have been reports on the use of TTT for the
treatment of AS-associated CNV, but treatment outcomes
were poor. Aras and colleagues [51] tried this method in

patients with SNM in AS and concluded that it does not
seem to affect the course of the disease and at the same
time they observed a spreading out of the borders and the
leakage of the membrane.

Macular translocation surgery

This surgical technique was introduced by Machemer
and Steinhorst [52] in 1993. Macular translocation involves
moving the macula away from the ingrowth of the new
vessels. it is a complex, difficult, long-lasting operation
which has serious complications (retinal detachment,
proliferative vitreoretinopathy, endophthalmitis, etc.)
threatening the central and peripheral vision of the patients.

Roth and colleagues [53] have reported on the use of
macular translocation surgery in macular SNM in angioid
streaks. They described a case where they performed a
successful lower macular translocation followed by laser
photocoagulation in the region of SNM in a patient with
AS. The end result was encouraging, the visual acuity of
the patient improved from 20/125 to 20/40. Other surgeons
had similarly good results [53, 54].

These encouraging results, however, can not be fully
evaluated since the number of patients and the studies
involved are of a very small number.

Photodynamic therapy

Large randomized clinical trials were performed to
evaluate the efficacy of photodynamic therapy (PDT) with
verteporfin for CNV secondary to AMD and pathologic
myopia. Since the results of these studies were promising,
clinician tried to use PDT in other pathological entities
causing CNV.

In 2000, the Archives of Ophthalmology published the
first results of the application of PDT for CNV not caused
by AMD [55]. In this study group there was one patient
with AS. He was a 55-year-old man who was treated only
once with PDT and had a 12-month follow up. During
the follow up time there was no further deterioration
of his visual acuity, but at the same time the leakage of
fluorescein dye from the neovascular membrane remained
unaffected.

Subsequent studies reported contradicting results on
the use of PDT for CNV [56, 57].

In 2004, Menchini and colleagues [58] published the
results of a retrospective multicenter clinical trial from
Italy, which involved 40 patients with AS who developed
CNV in the macula and were treated with PDT. Visual
acuity reduced and CNV had increased in size during the
last follow-up visit in almost two thirds of the patients
(62%). Others [59] have reported similar treatment
outcomes.

Ladas and colleagues [60] evaluated the effectiveness
of conventional PDT in a series of 24 eyes of 22 patients
with CNV due to AS and compared it to the effectiveness
of'a PDT modification where retreatments were performed
earlier (every 8 weeks instead of 12). The authors
concluded that the functional and the anatomic results of
PDT were not satisfactory, even when retreatments were
performed earlier than the conventional time.
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Therefore, from all previous studies and case reports
it is evident that, despite the initial encouraging results
from the application of PDT for the treatment of CNV
in the macula, the end results did not fulfill the initial
expectations.

Anti-vascular endothelial growth factor (VEGF)
treatment

Anti-vascular endothelial growth factor (VEGF)
treatment (especially, early on) has resulted in
unprecedented visual and anatomic outcomes far
outpacing other available treatments for CNV due to AMD
or pathological myopia [61, 62, 63].

In 2009, Wecke and colleagues [64] reported favorable
result in a patient with CNV due to angioid streaks after
intravitreal injection of bevacizumab.

Chang and colleagues [65] reported their results of
intravitreous injection of bevacizumab for CNV from other
causes than AMD and among them 11 patients suffered
from AS. The CNV responded well to bevacizumab
injections, however, as the authors stated, in between
these eyes there was a high proportion of eyes that had
previously undergone PDT.

These results were in agreement with those reported
by Donati and colleagues [66] who concluded that
bevacizumab may be useful in the treatment of CNV due
to AS. However, their results may have been compromised
by the fact that all eyes had previously undergone PDT
or laser photocoagulation. Three of six eyes were treated
combining PDT and IV Avastin. Cases were followed up for
7-14 months. Five out of 6 eyes showed an improvement of
BCVA and a slight reduction of leakage and size with FA.

In a study by Tilleul and colleagues [67], 35 eyes
of 27 patients were treated with repeated intravitreal
ranibizumab injections (mean of 9.9 + 7.2 injections, range
2-26) for a mean of 48.6 = 17.1 months (range 8-66) for
AS-associated CNV. Macular thickness had stabilized or
decreased in 16 of 35 eyes (45.7%). At the last follow-
up examination, on fluorescein angiography, no further
leakage was observed in 27 of 35 eyes (77.1%).

Martinez-Serrano and colleagues [68], despite initial
anatomical and functional improvement, patients at the
end of the follow-up had no visual improvement after a
pro re nata regimen of antiangiogenic drugs. The amount
of retreatments, number of recurrences, and time between
intravitreal injections were similar to previous reports with
shorter follow-up. The mean follow-up time was 53.8 +
26.8 months. BCVA at baseline was: 1.001+£0.62 logMAR;
at the end of follow-up: 0.996 £+ 0.56 logMAR (P=0.9).
Central macular thickness at baseline was: 360.85+173.82
um; at the end of follow-up: 323.85+100.34 um (P=0.6).
Mean number of intravitreal angiogenic drugs: 6 £ 4.16
injections (range 4-15). Mean time between injections
was 3.8 + 2.7 months (range 1.9-5.8 months).

A multicenter (n=23), observational study [69] was
performed in France in 72 patients (98 eyes; mean age,
59.6 + 8.3 years; 54.2% men) with CNV secondary to
PXE who received at least one ranibizumab injection. The

criterion for retreatment was based mainly on loss of VA,
progression of CNV and angiographic leakage. CNV was
primarily subfoveal or juxtafoveal (73.4%), and the initial
mean VA was 64.6 ETDRS letters. On average, visual
acuity of all eyes analyzed was relatively stable during
the 2-year follow-up (62.3 letters vs 64.6 letters at the first
injection). It was concluded that ranibizumab was able to
significantly reduce the frequency of neovascularization
relapses.

Mimoun and colleagues [70] recommended three
loading doses of ranibizumab followed by Pro Re Nata
(PRN) regimen based on OCT and FA ctiteria for AS-
associated CNV.

There have been numerous reports on the treatment of
refractive AS-associated CNV with intravitreal aflibercept
[71, 72]. In a case report by Makein and colleagues [71],
a 42-year-old female with AS-associated CNV underwent
intensive treatment with ranibizumab without significant
functional or anatomic change. After 3 loading doses of
aflibercept, BCVA improved from 3/10 to 6/10, while OCT
demonstrated resolution of the subretinal fluid.

Gliem and colleagues [73] reported on the results
of a 12-month prospective interventional clinical trial
evaluating the use of intravitreal aflibercept for treatment
of CNV secondary to AS in patients with PXE. Fifteen
PXE patients with CNV received one initial intravitreal
injection of 2 mg aflibercept. Further injections were
based on CNV activity at monthly examinations. BCVA
improved from 75.0 £ 10.8 to 79.3 £ 7.3 ETDRS letters
at final visit (p = 0.083). Central retinal thickness (CRT)
decreased from 317 = 81 to 279 + 51 um (p = 0.004). The
mean number of injections was 6.7 £ 2.6, and 5 participants
had persistent or reactivated CNV activity at final visit.

The Italian EYLEA-STRIE study [74] investigated
the effect and the safety of intravitreal aflibercept in 20
patients (23 eyes) affected by CV secondary to AS. The
patients received intravitreal 2 mg/0.05 mL aflibercept at
the time of enrolment, followed by a pro-re-nata regimen
for 48 weeks. At 6 month thereafter, BCVA stabilized and
CRT decreased in study eyes. Eleven ocular non-serious
adverse events and two serious adverse events were
observed (one case of endophthalmitis and one case of
acute gastritis were reported).

As far as the safety profile of anti-VEGF agents is
concerned, studies demonstrated no correlation of the
treatment with postinjection intraocular pressure peaks,
hyposphagmas, endophthalmitis, wuveitis, intravitreal
hemorrhage, lens trauma, retinal tear, or detachment [8, 70].

Savastano and colleagues [75] described the long-
term effectiveness and tolerability of intravitreal VEGF
inhibitor ranibizumab in a patient with PXE with bilateral
macular CNV secondary to angioid streaks. As anti-
vascular endothelial growth factor agents are associated
with increased risk of systemic effects, particularly
arterial thromboembolic events, following intravenous
administration, the absence of serious thromboembolic
or cardiovascular adverse events throughout the 6-year

51



ISSN 0030-0675. Journal of Ophthalmology (Ukraine) - 2021 - Number 2 (499)

treatment period was particularly encouraging considering
their patient’s high cardiovascular risk status.

The visual prognosis in patients with CNV secondary
to AS if untreated is poor and most treatment modalities,
until recently, have failed to limit the devastating impact
of CNV in central vision. However, as it is likely that anti-
VEGF treatment to yield favorable results in the future,
this approach warrants further research [9].

Conclusion

AS are a disease of the fundus, usually bilateral and
usually associated with a systemic condition (PXE,
Paget’s disease, and etc.). Several diagnostic techniques
(ophthalmoscopy, OCT, FA, and etc.) are helpful in
establishing the diagnosis. Data is scarce with regard to
the state of the choroid in AS. CNV is the most common
complication leading to reduced vision. Intravitreal anti-
VEGF administration is currently the most effective
treatment for CNV.
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Fig. 3. Color photograph of the fundus of a patient
with classical subfoveal choroidal neovascularization
secondary to AS. Subretinal hemorrhages are seen
around choroidal neovascularization

Fig. 4. Fluorescein angiography (arteriovenous
phase) of a patient with classical subfoveal choroidal
neovascularization (CNV) secondary to AS. Note
the area of hyperfluorescence with distinct borders
corresponding to CNV

Fig. 5. Optical coherence tomography of the macular
area shows an optically dense mass beneath the
neuroepithelium which corresponds to classical
subfoveal choroidal neovascularization
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