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Background: The purpose of this study was to evaluate the angiographic results of retinal-retinal
anastomosis (RRA) and retinal-choroidal anastomosis (RCA) for eyes with retinal angiomatous
proliferation (RAP) after treatment with intravitreal bevacizumab injections as monotherapy or
intravitreal bevacizumab combined with photodynamic therapy.

Methods: In this interventional, consecutive case series, we retrospectively reviewed five naive
eyes from four patients (mean age 80 years) treated with three consecutive monthly intravitreal
bevacizumab (1.25 mg/0.05 mL) injections as initial treatment, and followed up for at least
3 months. In cases with over 3 months of follow-up and having recurrence of RAP or leakage
by fluorescein angiography, retreatment was performed with a single intravitreal bevacizumab
injection and photodynamic therapy.

Results: Indocyanine green angiography showed RRA in three eyes with subretinal neovas-
cularization and RCA in two eyes with choroidal neovascularization at baseline. At 3 months
after baseline (month 3), neither the RRA nor RCA was occluded in any eye on indocyanine
green angiography. Retreatment with intravitreal bevacizumab plus photodynamic therapy was
performed in three eyes at months 3 (persistent leakage on fluorescein angiography), 6, and 7
(recurrence of RAP lesion), which achieved obvious occlusion of the RRA and RCA. Mean
best-corrected visual acuity improved from 0.13 to 0.21 at month 3 (P = 0.066). No complica-
tions or systemic adverse events were noted.

Conclusion: Although intravitreal bevacizumab for RAP was effective in improving visual
acuity during short-term follow-up, intravitreal bevacizumab could not achieve complete
occlusion of RRA and RCA, which could lead to recurrence of a RAP lesion and exudation.
Retreatment with intravitreal bevacizumab plus photodynamic therapy ultimately achieved
complete occlusion of the RRA and RCA.

Keywords: retinal angiomatous proliferation, retinal-retinal anastomosis, retinal-choroidal
anastomosis, bevacizumab, photodynamic therapy, ranibizumab

Introduction
Yannuzzi et al first described retinal angiomatous proliferation (RAP), which consists
of three stages based on clinical and angiographic observations, ie, stage 1, intraretinal
neovascularization; stage 2, subretinal neovascularization; and stage 3, choroidal
neovascularization.! Choroidal neovascularization often consolidates a retinal-
choroidal anastomosis (RCA), which is newly called stage 4.2 RAP is well known to
have a different natural course and response to therapies as compared with typical
exudative age-related macular degeneration.’

Retinal-retinal anastomosis (RRA) and RCA are important signs of RAP lesions.'?
RRA and RCA contribute to a high blood supply to RAP lesions. Surgical lysis

submit your manuscript
Dove

http:

Clinical Ophthalmology 2012:6 1385-1391
© 2012 Saito et al, publisher and licensee Dove Medical Press Ltd. This is an Open Access article
which permits unrestricted noncommercial use, provided the original work is properly cited.

1385


mailto:smasaaki@fmu.ac.jp
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OPTH.S36333

Saito et al

Dove

of feeding arterioles and draining venules has been reported
to eliminate blood flow to RAP lesions, causing resolution
of intraretinal edema and flattening of retinal pigment epi-
thelial detachment,® but recurrence of exudation occurs with
recanalization or new development of retinal feeding and
draining vessels.” Therefore, complete occlusion of the RRA
or RCA is important for reducing RAP lesions.

Vascular endothelial growth factor (VEGF) is well
known to be closely associated with choroidal neovascular-
ization complexes.®'° The major clinical trials first reported
that ranibizumab (Lucentis, Genentech Inc, South San
Francisco, CA) was effective in improving visual acuity for
patients with age-related macular degeneration.''? Intravitreal
ranibizumab has become one of the evidence-based therapies
for age-related macular degeneration all over the world."
Recently, anti-VEGF therapy using intravitreal ranibizumab
or bevacizumab has been reported to be a useful treatment
for improving or maintaining visual acuity for patients with
RAP.'*15 Nevertheless, intravitreal bevacizumab injections
could not achieve complete occlusion of feeder vessels in
eyes with RAP.'* We have reported in previous studies that
combined photodynamic therapy with intravitreal bevaci-
zumab or ranibizumab achieved complete occlusion of RRA
on indocyanine green angiography.!”** However, no reports
have clarified the angiographic results of RRA or RCA in
detail after treatment.

The purpose of the current study was to show the angio-
graphic results of RRA or RCA after three consecutive
monthly intravitreal bevacizumab injections or combined
treatment of intravitreal bevacizumab and photodynamic
therapy for eyes with RAP.

Materials and methods
We retrospectively reviewed five consecutive eyes from four
Japanese patients (two men, two women, mean age 80.0 £4.8,
range 64-90 years) with naive RAP treated using intravitreal
bevacizumab as initial therapy from August to December 2006
at different stages of the disease. The patients were followed
up for at least 3 months at Fukushima Medical University
Hospital. The exclusion criteria were previous treatment for
RAP, such as laser photocoagulation, submacular surgery,
transpupillary thermotherapy, photodynamic monotherapy,
or a combination of photodynamic therapy with intravitreal
triamcinolone acetonide, and maculopathies, such as diabetic
maculopathy, retinal vascular occlusion, or idiopathic
macular telangiectasia.

The institutional review board/ethics committee at
Fukushima Medical University approved the bevacizumab,

retrospective chart review of patients with age-related
macular degeneration, and retrospective comparative analysis
performed in this study. After the potential risks and benefits
were explained in detail, all patients provided their written
informed consent.

We used best-corrected visual acuity (BCVA) measured
using a standard Japanese decimal visual acuity chart and
calculated the mean BCVA using the logarithm of the minimum
angle of resolution (logMAR) scale. We converted decimal
BCVA into Early Treatment Diabetic Retinopathy Study
(ETDRS) visual acuity letter scores using a previously reported
mathematical method.?**' All patients underwent a standard-
ized examination, including slit-lamp biomicroscopy with a
contact lens, color or red-free fundus photography, fluorescein
angiography, indocyanine green angiography with a fundus
camera (TRC-50 FA/IA/IMAGEnet H1024 system, Topcon,
Tokyo, Japan), and confocal scanning laser ophthalmoscopy
(Heidelberg Retina Angiograph 2, Heidelberg Engineering,
Heidelberg, Germany). All optical coherence tomography
(OCT) examinations were performed using spectral-domain
optical coherence tomography (3D-OCT, Topcon, Tokyo,
Japan). Fluorescein angiography was performed to determine
the lesion type, location, and choroidal neovascularization
activity of the RAP lesions, ie, the degree or extent of leakage.
Indocyanine green angiography was performed to diagnose
RAP and identify RRA and RCA.

All patients had documented visual loss at baseline.
The method used to administer intravitreal bevacizumab
(1.25 mg/0.05 mL) was according to past reports.'!3 After the
three monthly intravitreal bevacizumab injections, fluores-
cein and indocyanine green angiography was performed for
all eyes. In cases with over 3 months of follow-up and having
recurrence of RAP or leakage on fluorescein angiography,
we performed retreatment with a single intravitreal beva-
cizumab injection and photodynamic therapy, as reported
previously.!718

Statistical analysis was performed using the Student’s
paired ¢-test to compare visual acuity at one and 3 months
after treatment. P values = 0.05 were considered to be sta-
tistically significant. We used logMAR visual acuity scores
for the statistical analysis.

Results

Table 1 shows the characteristics and clinical data for the
consecutive four patients (representing five eyes). All patients
were Japanese and were observed for at least 3 months (range
4-10 months, mean 7.4 £ 2.2 months). One eye had stage 2
RAP without retinal pigment epithelial detachment, two eyes
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0.3 (0.52) (58)

2

Right
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Minimal

NC

Yes De

0.07 (1.15) (27)
0.2 (0.70) (50)

RCA
RRA

0.06 (1.22) (24)

2+ PED 0.2 (0.70) (50)

3

Right
Left

90
90

No

IVB + PDT
(month 3)

S

De De

De

Yes

Yes

0.21 (0.68) (51)
Abbreviations: F, female; M, male; RAP, retinal angiomatous proliferation; ETDRS, Early Treatment Diabetic Retinopathy Study; VA (logMAR) (ETDRS), decimal visual acuity (logMAR equivalent) (convert decimal value to an approximate

ETDRS); RRA, retinal-retinal anastomosis; RCA, retinal-choroidal anastomosis; CME, cystoid macular edema; PED, pigment epithelial detachment; FA, fluorescein angiography; PDT, photodynamic therapy; Di, disappeared; De, decreased;

0.13 (0.89) (40)
NC, no change; IVB, intravitreal bevacizumab injection; PDT, photodynamic therapy.

80.0

Mean

had stage 2 RAP with pigment epithelial detachment, and
two eyes had stage 3 RAP.

Early-phase indocyanine green angiography identified
RRA in three eyes and RCA in two eyes at baseline (Figures 1
and 2). At month 3, neither the RRA nor RCA was occluded
in any of the eyes (Table 1, Figures 1 and 2). Late-phase
indocyanine green angiography showed a hot spot in all five
eyes at baseline (Table 1 and Figure 1). The hot spot resolved
completely in two eyes and decreased in three eyes at month 3
(Table 1). At baseline, all five eyes had cystoid macular edema
and four eyes had pigment epithelial detachment on OCT.
Cystoid macular edema resolved in two (40%) eyes at a
mean of one week after baseline and decreased in three eyes
(Table 1). The pigment epithelial detachment resolved in
one (25%) eye 4 weeks after baseline and remained in three
eyes (Table 1). At month 3, OCT showed cystoid macular
edema remaining in the three eyes and the remaining pigment
epithelial detachment in the one eye had decreased from
baseline (Table 1).

Fluorescein angiography showed resolution of leakage
in two (40%) of the five eyes at month 3. In the remaining
three eyes, two eyes had minimal leakage and one eye had
persistent leakage by fluorescein angiography.

Retreatment using intravitreal bevacizumab plus photo-
dynamic therapy was performed in one eye with persistent
leakage on fluorescein angiography at month 3 (Table 1).
Two eyes with minimal leakage on fluorescein angiography
showed decreased cystoid macular edema and unchanged
pigment epithelial detachment at month 3; improving visual
acuity was observed at this time and the patient did not con-
sent to retreatment. In the remaining two eyes without a hot
spot on indocyanine green angiography, leakage by fluores-
cein angiography, or exudation by OCT at month 3, indo-
cyanine green angiography showed recurrence of the RAP
lesion with exudation on OCT at months 6 and 7 (Table 1,
Figures 1 and 2). Retreatment was performed with intravitreal
bevacizumab plus photodynamic therapy in both eyes. Of
the three eyes retreated with intravitreal bevacizumab plus
photodynamic therapy, obvious resolution of RRA and RCA
was seen on indocyanine green angiography in all three eyes
3 months after retreatment (Figures 1 and 2).

The mean decimal BCVA (logMAR equivalent, decimal
value converted to an approximate ETDRS) levels at baseline
and months 1 and 3 were 0.13 (0.89) (40), 0.22 (0.66) (52),
and 0.21 (0.68) (51), respectively. There was no statistically
significant difference in mean BCVA at months 1 and 3
(P =0.058 and P = 0.066, respectively, paired t-test). The
mean changes in BCVA at months 1 and 3 were improvements
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Figure | A 64-year-old woman was treated with intravitreal bevacizumab for stage 3 retinal angiomatous proliferation (RAP). At baseline, best-corrected visual acuity (BCVA)
was 0.] decimal visual acuity in the left eye. (A) Red-free photograph showing intraretinal and preretinal hemorrhages, drusen, retinal pigment epithelial detachment, and lipid.
(B) Fluorescein angiography showing minimal classic choroidal neovascularization and intraretinal edema. (C) Early-phase indocyanine green angiography showing RAP lesions
within the retina and beyond as well as retinal-choroidal anastomosis (RCA). (D) Late-phase indocyanine green angiography showing RAP lesions as focal areas of intense
hyperfluorescence (hot spots) and staining of fibrin in cystoid spaces. (E) Baseline horizontal optical coherence tomography (OCT) image shows cystoid macular edema and
a pigment epithelial detachment. (F) At month 3, after three consecutive monthly intravitreal bevacizumab injections, no hemorrhages, pigment epithelial detachment, or
decreased lipid content are visible on a red-free photograph. BCVA improved from 0.1 to 0.2 decimal visual acuity. (G) No leakage or pigment epithelial detachment are seen
on fluorescein angiography. (H and I) Indocyanine green angiography shows decreased leakage from RAP lesions, but RCA and neovascular complex remain. (J) OCT showing
disappearance of edema and pigment epithelial detachment. No additional treatment was performed. (K) Red-free photograph at month 6 shows recurrence of intraretinal
and preretinal hemorrhages, edema, and pigment epithelial detachment. BCVA decreased from 0.2 to 0.| decimal visual acuity at month 3. (L) Fluorescein angiography shows
enlargement of leakage and pigment epithelial detachment. (M) Early-phase indocyanine green angiography shows enlargement of the neovascular complex and thickening
of the RCA. (N) No hot spot was seen on late-phase indocyanine green angiography. (O) OCT shows severe edema and expansion of pigment epithelial detachment. We
retreated with intravitreal bevacizumab plus photodynamic therapy instead of intravitreal bevacizumab. (P) Three months after intravitreal bevacizumab plus photodynamic
therapy (month 9), a red-free photograph shows disappearance of intraretinal and preretinal hemorrhages, edema, and pigment epithelial detachment. (Q and S) Fluorescein
and late-phase indocyanine green angiography showing no leakage. (R) Early-phase indocyanine green angiography showing complete disappearance of RCA. (T) Horizontal
OCT image shows flattening of the neurosensory retina. BCVA was 0.2 decimal visual acuity.

of 2.29 and 2.13 lines, respectively. Two (40%) of the five
eyes showed an increase in BCVA of three or more lines, and
three (60%) eyes had stable visual acuity (defined as a loss of
less than three lines of vision) at month 3.

There were no complications, such as inflammation,
intraocular pressure > 21 mmHg, severe vision loss, endophthal-
mitis, progression of cataract, or systemic adverse events.

Discussion
In the current study, intravitreal bevacizumab monotherapy for
RAP could not achieve complete occlusion of RRA and RCA.

Recurrence of the RAP lesion was also seen in a high
percentage of cases. On the other hand, retreatment with intra-
vitreal bevacizumab plus photodynamic therapy ultimately
achieved complete occlusion of the RRA and RCA.
Although the natural history of RAP has been reported
to be poor visual results,?? there has been no evidence
for treatment of patients with RAP based on the major
clinical trials. Most treatments, including conventional
laser photocoagulation,” transpupillary thermotherapy,*
surgical ablation,” and photodynamic therapy alone?*
have not been effective for patients with RAP until now.
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Figure 2 Magnification of early-phase indocyanine green angiography images from
Figure | at baseline (A), and months 3 (B), 6 (C), and 9 (D). (A—C) This patient
with stage 3 retinal angiomatous proliferation had proliferation within the retina
(arrowheads) consisting of a preperfusing (arrows) and a draining (outline arrows)
retinal vessel communicating with the area of choroidal neovascularization (outline
arrowheads). (B and D) Although retinal-choroidal anastomosis (RCA) persisted
after three consecutive monthly intravitreal bevacizumab injections, it finally resolved
after combined therapy of intravitreal bevacizumab and photodynamic therapy.

Complete occlusion of RRA or RCA is important for reduc-
ing RAP lesions because of the high blood supply to these
lesions. Surgical lysis of the feeding arterioles and draining
venules to eliminate blood flow to RAP lesions can achieve
temporary resolution of intraretinal edema and flattening of
pigment epithelial detachment,® but recurrence of exudation
occurs with recanalization or new development of retinal
feeding and draining vessels.” In our study, disappearance
of RRA and RCA by indocyanine green angiography could
not be achieved in all eyes by month 3. On the other hand,
retreatment consisting of intravitreal bevacizumab plus pho-
todynamic therapy ultimately achieved complete occlusion
of the RRA and RCA. We have reported in previous studies
that intravitreal bevacizumab plus photodynamic therapy
and combined intravitreal ranibizumab with photodynamic
therapy can achieve complete occlusion of RRA in a high
percentage of cases.!”! From these results, a combination
of an anti-VEGF agent and photodynamic therapy may be
superior to anti-VEGF alone for reducing the high blood
supply to RAP lesions.

In the current study, we also performed photodynamic
therapy one or 2 days after intravitreal bevacizumab injection,
as in our previous studies!”!® for the following reasons.
Anti-VEGF therapy in patients with RAP can rapidly
resolve the intraretinal edema, hemorrhage, and neovascular
lesions in clinical treatment.'®!* Rapid neovascular complex

suppression in patients with RAP could be achieved after
intravitreal anti-VEGF agents.'®!” We have hypothesized
that verteporfin may accumulate minimally in a suppressed
neovascular complex after injection of intravitreal anti-VEGF
agents, and may be less effective.'®!°

The recommended treatment at present for age-related
macular degeneration is ranibizumab, and bevacizumab
is used off-label in these patients. Recently, CATT
(the randomized Comparison of Age-Related Macular
Degeneration Treatments Trials) showed that the effects of
bevacizumab and ranibizumab on visual acuity at 24 months
were equivalent.”> Based on the results of the current study
using bevacizumab monotherapy, we can infer the efficacy
of ranibizumab monotherapy.

In animal models, overexpression of VEGF in the pho-
toreceptors of the retina is sufficient to cause intraretinal
and subretinal neovascularization,?® which is similar to the
neovascular process of RAP. Anti-VEGF monotherapy has
been suggested on theoretical grounds. Recently, intravit-
real anti-VEGF therapy using ranibizumab or bevacizumab
has been reported to be useful for RAP.!*!> Gharbiya et al'4
reported the efficacy of three monthly intravitreal bevaci-
zumab injections in 17 eyes with RAP, which showed sig-
nificant improvement in visual acuity from 39.53 letters on
the ETDRS chart (decimal equivalent 0.48) to 47.88 letters
(0.71) at month 12. Twelve (70.6%) of the 17 eyes required
additional injections during the 12-month follow-up period.
Hemeida et al'® reported 2-year results of anti-VEGF
monotherapy using ranibizumab or bevacizumab for RAP.
Repeat treatments were required in 75% of eyes and mean
visual acuity at months 12, 18, and 24 showed no significant
improvement. In addition, they concluded that anti-VEGF
monotherapy might not be sufficient to maintain anatomi-
cal and functional improvement. In the current study, while
the mean change in BCVA at month 3 was improvement of
2.13 lines, three (60%) of the five eyes showed persistent
leakage on fluorescein angiography, cystoid macular edema,
and pigment epithelial detachment on OCT at month 3. Most
patients with anti-VEGF monotherapy need further injections
during long-term follow up.

Figures 1 and 2 show an apparent difference in angio-
graphic results between intravitreal bevacizamab monother-
apy and intravitreal bevacizumab plus photodynamic therapy.
Indocyanine green angiography shows clearly that the RCA
remained in spite of the resolving exudative lesions seen on
red-free or OCT images. Moreover, the neovascular complex
was obviously enlarged when recurrence of exudation was
present, which eventually caused a decline in visual acuity.
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The poorer ability to achieve complete occlusion of the RRA
or RCA using anti-VEGF agent monotherapy could be the
main reason why more anti-VEGF injections were needed.
On the other hand, the complete disappearance of RRA or
RCA in a high percentage of cases after combined treat-
ment using an anti-VEGF agent plus photodynamic therapy
could reduce the number of treatments required, which may
cause improvement or maintenance of visual acuity in the
long term. Although two eyes in the current study showed
minimal leakage on fluorescein angiography, cystoid macular
edema, or pigment epithelial detachment at month 3, we
continued to observe these patients because of their improv-
ing visual acuity and withdrawal of consent for retreatment.
It might have been better if we had re-treated these patients
with intravitreal bevacizumab plus photodynamic therapy,
because they had persistent RRA, RCA, and a hot spot, and
were therefore at high risk of recurrence. Because of the
short follow-up durations involved, there was the potential
for recurrence of the RAP lesion with RRA or RCA during
further follow-up.

Conclusion

Although intravitreal bevacizumab for RAP was effective in
improving visual acuity during short-term follow-up, it could
not achieve complete occlusion of RRA and RCA, so there
was a risk of recurrence of the RAP lesion and exudates.
On the other hand, retreatment consisting of intravitreal
bevacizumab plus photodynamic therapy ultimately achieved
complete occlusion of RRA and RCA. Because this was
a small study with a short follow-up duration, larger and
longer-term prospective randomized studies are needed to
determine the angiographic efficacy of RRA or RCA after
anti-VEGF therapy with or without photodynamic therapy
in patients with RAP.

Disclosure
The authors have no proprietary interest in any aspect of this
study and received no government funding.
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