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Abstract: The present study reports a case of a patient with choroidal neovascularization (CNV) associated
with pseudoxanthoma elasticum (PXE). We observed the functional and anatomical improvement of the
patient treated with intravitreal vascular endothelial growth factor (VEGF) inhibitor bevacizumab. The study
also systematically searched the database for similar cases to provide a literature review. Data concerning
the clinical features, treatment strategies and outcomes were extracted and analyzed. Retrospective
interventional case report and systematic literature review. A 56-year-old healthy Chinese woman with CNV
secondary to PXE was reported. Examinations included best corrected visual acuity (BCVA), biomicroscopy,
optical coherence tomography (OCT), fluorescein and indocyanine green angiography and digital fundus
photography. The patient managed with intravitreal anti-vascular endothelial growth factor (anti-VEGF)
injections (bevacizumab 1.25 mg/0.05 mL). The Cochrane Library, PubMed, OVID, and UpToDate
databases were searched using the term pseudoxanthoma elasticum or Gronblad-Strandberg syndrome
with the limits English. Articles that predated the databases were gathered from current references. Fundus
examination revealed angioid streaks bilaterally and CNV in left eye (LE). After the patient underwent three
intravitreal injections of bevacizumab, the LE showed absorption of the subretinal fluid and shrinkage of the
CNV. Visual acuity (VA) was improved in her treated LE. Bevacizumab treatment was well tolerated with no
adverse events reported. Approximately ten articles about 45 patients (49 eyes) describing CNV secondary
to angioid streaks in PXE treated with anti-VEGF were found in the literature search. In the present case,
bevacizumab of an initial three injection loading dose, achieved maintenance of visual function in the
treatment of CNV associated with angioid streaks in PXE. Literature articles concluded that the intravitreal
application of anti-VEGF is highly efficient for improving and stabilizing the lesion as well as the eyesight.
So we believe that anti-VEGF therapy can be a great choice of treatment for CNV secondary to angioid
streaks related PXE.
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Introduction

Pseudoxanthoma elasticum (PXE) is an inherited disorder
that is associated with accumulation of mineralized and
fragmented elastic fibers in the skin, vascular walls and
Bruch’s membrane in the eye (1). It has been linked to
mutations in the adenosine triphosphate-binding cassette
subtype C number 6 gene, which encodes for an adenosine
triphosphate-binding cassette transporter. Although the
exact function of this protein remains unknown, studies
suggest its dysfunction may result in aberrant elastin or
elastic fiber assembly in affected tissues (2-4).

Ocular manifestations include angioid streaks, peau
d’orange, optic disc drusen, geographic atrophy and
comet lesions (5). A common and serious complication of
angioid streaks is the development of macular choroidal
neovascularization (CNV), which can result in significant
and irreversible impairment of vision (6). This exudative
disease of the central retina leads to loss of visual acuity
(VA), and results of treatments in the past have been
disappointing. CNV in PXE-associated retinopathy
is believed to be mediated by the action of vascular
endothelial growth factor (VEGF), thus resembling the
neovascular form of age-related macular degeneration and
proliferative diabetic retinopathy (7). The introduction
of intravitreally administered agents that inhibit VEGF
has improved outcomes in patients with CNV. Also from
the present evidence it may be concluded that intravitreal
vascular endothelial growth factor (anti-VEGF) therapy
with ranibizumab or bevacizumab is beneficial for
the treatment of CNV secondary to angioid streaks
associated with PXE (8). Especially in the early stages of
the disease, VA can be maintained or even improved over
a prolonged period of time, even with a low number of
injections.

Since PXE is a rare disease, the controlled clinical
trial about anti-VEGF therapy for CNV with PXE is
difficult. The present study reports the presentation and
management of a case of CNV in a patient with PXE and
provides a systematic review of the previously reported cases
to study the effectiveness of anti-VEGEF therapy for CNV
secondary to angioid streaks in PXE.

Case presentation

A 53-year-old Chinese woman with PXE and angioid
streaks was referred in May 2012 because of noticing
visual loss in his left eye (LE) of 2 month’s duration, and
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the occurrence of metamorphopsia and central scotoma.
Her right eye (RE) was unaffected. The patient reported
the onset of yellowish asymptomatic micropapules in the
cervical region 10 years ago (Figure 1A4,B), which later
progressed to the axillae and cubital fossae. In her personal
records, a history of arterial hypertension or diabetes
mellitus was not noticed. The patient denied similar cases
in her family but her daughter, who reported the onset
of yellowish asymptomatic micropapules in 2 years ago,
and the presence of bilateral angioid streaks confirmed by
ophthalmoscopy and fundus photography (Figure 1C,D).
They two were diagnosed with angioid streaks associated
with PXE, which was confirmed by skin biopsy.

Eye examinations including fundus photography,
fluorescein angiography, indocyanine green angiography,
and optical coherence tomography (OCT) revealed the
presence of CNV in her LE, while no CNV were seen
in her RE (Figure 2). Fluorescein angiography revealed
a hyper- and hypofluorescent grid due to alteration of
the retina pigment epithelium and a hyper-fluorescent
lesion with late diffusion in the LE compatible with CNV.
OCT (Figure 3) evidenced a loss of structure of the RPE-
choriocapillary hyper-reflective strip, and a dense cup-
shaped lesion in the LE (CNV), surrounded by a small
neuroepithelium detachment. At presentation VA was
20/200 in the LE and 6/6 in the RE.

The oft-label use of the drug and its potential risks and
benefits were discussed with the patient. The study adhered
to the tenets of the Declaration of Helsinki, and written
informed consent was obtained from the patient. The
study was approved by the institutional review board/ethics
committee of the Second Affiliated Hospital of Medical
College of Xi’an Jiaotong University, China. Treatment
of her LE with intravitreal injection of bevacizumab
(1.25 mg/50 pL, Avastin, Genentech/Roche, USA) once
a month was initiated in May 2012. After 3 months, the
patient’s VA was 20/100 stably in her LE and there was
no evidence of macular hemorrhage or leaking of the
neovascular complex. After 2 years, there still was no
evidence of neovascular complex leakage or hemorrhage,
and best corrected visual acuity (BCVA) still was 20/100.
Central retinal thickness decreased significantly
from 567 pm at baseline to 314 pm at the last follow-
up as measured by OCT (Figure 3). His VA was stable
in his bevacizumab-treated LE 2-year later. Intraocular
pressure was normal (16 mmHg) in both eyes. Bevacizumab
treatment was well tolerated with no adverse events
reported.
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Figure 1 Skin changes of the patient and the retinography of the patient’s daughter. Irregular skin surface of inelastic consistency, presenting

plaques constituted of symmetric small yellowish papules located in the cervical region of the patient (A,B); the retinography of the patient’s
daughter (C,D) showed that angioid streaks visualized in retinography.

Figure 2 Eye examinations of the patients. Angioid streaks visualized in retinography bilaterally and highlighted in the fluorescein

angiography. Fluorescein angiography of the right eye at presentation shows no obvious leakage. The color fundus image of LE shows the
macular involvement by the CNV. The CNV of LE is visible by fluorescein angiography and indocyanine green angiography.
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Figure 3 Spectral-domain OCT at presentation and post treatment. Baseline OCT (A) showed diffuse retinal thickening with subfoveal
CNV. The patient reported subjective improvement of vision after one injection; OCT (B after one injection and C after three injections)

after treatment showed CNV thinning and diminished retinal thickness; OCT of 1 year (D) and 2 years (E) after presentation revealed stable
CNV, but retinal structural disorder.
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Table 1 Characteristics and clinical data of CNV secondary to angioid streaks in PXE treated with anti-VEGF
i Treatment
First author, Age (yr) Sex eye CNV .Outcomg Follow-up
year (ref.) Agent Therapeutic schedule  (visual acuity)
Savastano 2014 (13) 54 M RE Typical Avastin 3 monthly Decreased 6 yr
LE Typical Avastin 3 monthly followed Stable
by 18 as needed
Karampelas 2013 (14) 47 F Atypical Avastin 5 monthly Improved 1yr
Zebardast 2012 (15) 51 NA NA Peripapillary CNV Lucentis 12 monthly followed Intact 5yr
by 2 as needed
Japiassu 2008 (16) 32 M RE Subretinal CNV Avastin One injection Improved 4m
Querques 2010 (17) 57 F RE Subfoveal CNV Avastin One injection Improved 12m
Gonzélez-Gémez 52 F LE CNV Lucentis 3 monthly Improved 6 m
2012 (18)
Gonzalez-Gémez 58 M LE CNV Lucentis 3 monthly Improved 6m
2012 (18)

Systematic literature review

A systematic review of the cases reported in the literature
was conducted to examine the safety and effectiveness of
intravitreal anti-VEGEF treatment for CNV associated with
PXE. We searched Cochrane Library, PubMed, OVID, and
UpToDate databases (from inception to July 2015) using
combinations of search terms including pseudoxanthoma
elasticum or Gronblad-Strandberg syndrome and VEGF or
CNV. Electronic searches were supplemented by perusal
of the references of the retrieved papers. All potentially
eligible studies and their references were carefully scanned
to identify other eligible studies.

The systematic review included studies that fulfilled all of
the following criteria: (i) a focus on anti-VEGF treatment of
CNV associated with angioid streaks in PXE; (ii) a diagnosis
verified by eye examinations including fundus photography,
fluorescein angiography, and OCT; and (iii) a previously
unreported patient. We included studies irrespective
of study design and regardless type of the literature.
However, we excluded studies without primary data, i.e.,
commentaries, or letters to the editor. We included only
papers in English.

All items were extracted by one investigator (Aiyi Zhou)
and were confirmed by two other investigators (Yanlong
Quan and Chenjing Zhou). Discrepancies were resolved
after consensus. For each study, we extracted the name of
first author, publication year, country, and type of research
center or department where the study was conducted.
We also recorded sample size, age of participants, gender,
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type of CNV, anti-VEGF drugs, times and frequency of
intravitreal treatment, outcomes about VA and fundus
examinations including OCT and fluorescein angiography,
follow-up period. In addition, we recorded intravitreal
treatment complications or specific outcome were reported.

"Ten papers (four for case series, and six for case reports)
were eligible and finally included. There was no randomized
controlled clinical trial about CNV secondary to PXE. Four
papers (9-12) about three case series including 41 eyes of 38
patients investigated the efficacy of intravitreal bevacizumab
injections for treating CNV secondary to PXE ,wherein
two papers (11,12) were the same case series of short-term
and long-term observation respectively. Six papers of case
reports reported 7 patients (8 eyes) of CNV associated
with angioid streaks in PXE treated with bevacizumab or
ranibizumab.

Tables 1,2 summarizes the patients characteristics, the
therapies implemented and the outcomes recorded. As
detailed in Tables 1,2, almost all published cases reported
positive response to treatment with anti-VEGF in CNV
secondary to PXE. The majority of published cases applied
bevacizumab. Three references involving ranibizumab for
the treatment of this disease were found.

Finger RP started an uncontrolled investigator-initiated
clinical trial to test the efficacy and safety of intravitreal
ranibizumab for CNV due to PXE in 2007 at Department
of Ophthalmology, University of Bonn, Bonn, Germany
(PXE-CNV 06; http://www.clinicaltrials.gov). And they
(Retina, 2011) (10) compared the group of patients with early
disease stage and limited fundus changes in PXE with that
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Table 2 Case series of CNV secondary to angioid streaks in PXE treated with anti-VEGF

No. of

Number of Outcome

First author, year (ref.) cases (eyes) Age M/F Drugs injections (visual acuity) Follow-up
Finger 2011 (10) 14 [16] 55.0+13.0 5/9 Avastin 6.5+5.7 Improved 15m
Finger 2008 (9) 15[16] 53.0+12.3 9/6 Avastin 2.4 Improved 8m
Bhatnagar 2007 (11) 9[9] 53.5 5/4 Avastin 1.8 Improved 6m
Myung 2010 (12) 9 9] 53.5 5/4 Avastin 8.4 Improved 28.6m

of those with advanced disease stage and more pronounced
fundus alterations, and concluded that patients with early
disease have better treatment outcomes with a marked
improvement in VA. Two papers (11,12) about a same series
of 9 patients (9 eyes) with PXE and CNV related to angioid
streaks managed with intravitreal bevacizumab were from
Retina Research Center of the Manhattan Eye, Ear, and
Throat Hospital, New York University School of Medicine.
They reported short-term (6 months) and long-term
(28.6 months) efficacy of intravitreal anti-VEGF in this
disease respectively. A total of eight of nine eyes developed
recurrence of CNV during the study period. The mean
recurrence rate in eyes on the PRN regimen was 2 (range,
0-4) during the follow-up period. The PRN regimen group
and the maintenance regimen group did not have significant
differences in VA outcomes.

Discussion

Previous methods of treatment for CNV in patients with
PXE such as thermal photocoagulation and verteporfin
PDT had poor outcomes (19-22). This presumably resulted
from the treatment itself creating tissue injury and high
recurrence rates after these procedures. This case report
demonstrates that intravitreal bevacizumab is effective
and safe treatment options for CNV secondary to PXE.
The presented case report supports and confirms so far
published evidence for the effectiveness of bevacizumab in
CNVs secondary to PXE.

In patients with PXE who have an increased cardiovascular
risk profile, possible complications of intravitreal treatment
with bevacizumab need to be considered. Patients need
to be aware of the possibility of systemic side effects
such as myocardial infarction or a deterioration of their
cardiovascular; although at present no definite proof has
been documented of this higher risk in patients with or
without PXE treated with intravitreal anti-VEGF. No
drug- or injection-related complications were noted in these
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literatures. No patients with PXE experienced increased
intraocular pressure, inflammation, endophthalmitis, retinal
breaks, retinal detachment, or ocular or systemic occlusive
events (including myocardial infarction and cerebral
ischemia).

The risk of recurrent exudation of CNV associated
with angioid streaks in PXE and likely need for repeated
injections is obvious (12). Most eyes required repeated
injections to achieve CNV quiescence and visual
stabilization. Despite the higher recurrence rate in the
eyes that received intravitreal anti-VEGF as needed for
recurrence, both maintenance and PRN treatment regimens
seemed capable of stabilizing or improving final VA
outcomes in most patients. However, the ideal timetable and
criteria for injections have yet to be determined. Although
there seem to be arguments to treat selected patients with
a maintenance treatment of intravitreal injections once a
month, an as-needed regimen is the most used strategy.
Further prospective, randomized controlled clinical trials
with defined treatment protocols would be necessary to
elucidate the ideal timing and criteria for intravitreal anti-
VEGF administration for managing CNV from PXE-
related angioid streaks. Specifically, studies with close
regular follow-up comparing the efficacy of a maintenance
regimen versus an as needed regimen are required.

A limitation of these case series is the retrospective
study design. Ideally, effectiveness of bevacizumab in
CNVs because of PXE should be assessed in a randomized
controlled clinical trial. However, because withholding
treatment for CNVs because of PXE is very problematic,
clinical trials are most likely to be implemented
uncontrolled. PXE is a rare disease, and therefore, large-
scale trials appear unrealistic. Continued experience with
intravitreal bevacizumab or ranibizumab in this population
will help establish long-term efficacy and better define
optimal dosing strategies.

Opverall, based on the evidence available, intravitreal
treatment with anti-VEGF seems to be the best choice at
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present to treat patients with CNV secondary to angioid
streaks of PXE. Further studies and larger case series
are needed to clarify the role of anti-VEGF therapy in
managing CNV secondary to PXE.
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