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Figure 2 Color (top lefty and fluorescein (top right) image
showing a subfoveal CNV. Color (bottom left) and fluorescein
(bottom right) image showing a resolution of CNV and
improvement in exudation following TTT.

Discussion

TTT uses hyperthermic effect to disrupt the choroidal
neovascular membrane.® Fundus pigmentation affects
retinal irradiance and subsequent retinal temperature
rise. Thus, to exert therapeutic effect, the laser power
must be set depending on retinal colour. In this study, we
employed the power approximately half compared with
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the previous studies on light-pigmented Caucasian
patients.>* Visual acuity stabilized or improved in 79% of
all the studied subjects under our condition, similar to
the previous studies, which demonstrated stabilization
or improvement of visual acuity in 78 and 75% of the
patients after a mean follow-up of 6.1 and 13 months
respectively.®® It might not be compared because of the
difference in baseline characteristics; however, it seems
likely that the level of the laser power was not too low for
our patients because our result demonstrated a high
closure rate (84%).

Effect of dicde-laser on the neural retina and retinal
pigment epithelium is minimum below its
photocoagulation threshold, but it can damage them
with excessive laser power. Whitening of the lesion can
be observed presumably when the retinal pigment
epithelium and/or neural retina are damaged. Previous
investigators chose to reduce the laser power when such
phenomenon was observed to avoid excessive
hyperthermic effect.>*® In our case series, such retinal
change attributable to excessive hyperthermic effect
was not observed during treatment, suggesting that our
condition was not excessive compared to the studies.

In addition, a previous report has documented
spot-size-related post-TTT chorioretinal atrophy
especially in patients dark-haired in their youth and
suggested that laser-power settings should be
progressively diminished with increasing patient
pigmentation.'® In our case series, no such complication
was observed, supporting that our laser setting was not
excessive compared to the study. However, significant
post-treatment haemorrhage and retinal pigment
epithelial tear, complications also reported
previously,>*!" were observed in some patients.

These complications might be more related to the
underlying disease process rather than the specific
treatment. Alternatively, it is possible that the laser-
power setting was inappropriate for these patients and
that appropriate laser-power setting must be determined
empirically to avoid such complications. Probably, TTT
with lower laser energy might be appropriate for certain
set of patients or certain group of patients might not be
eligible for TTT at all.

Although our study is retrospective, includes
small sample and limited follow-up time and cannot
address whether TTT is effective for CNV treatment, this
has demonstrated encouraging results that TTT may
show promise in treating not only occult CNV but also
classic CNV in brown retina. To clarify whether
TTT is effective for CNV treatment on patients with
brown retina and if so, to determine the eligible
patient group and the appropriate laser-power setting,
further prospective randomized control studies are
warranted.
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Figure 3 Fundus photographs showing significant haemorrhage after TTT. Left panel shows the fundus image before TTT. Middle
and right panels show the fundus images 1 week and 1 month after TTT, respectively.
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Abstract

Background We report the postoperative outcomes of surgical neovascularization excision
in patients with retinal angiomatous proliferation (RAP).

Methods Nine eyes of eight paé/}urs'wnhm who underwent surgical excision of
neovascularization were studied. Surgical indications were as follows: RAP diagnosed by
fluorescein and indocyanine green angiography, foveal or perifoveal neovascularization,
preoperative visual acuity of 0.1 or less, Yannuzzi's stage |l with detachment of retinal
pigment epithelium (RPE) or stage/ lll, and leakage on late-phase fluorescein angiography.
After cataract surgery, vitreous surgery and neovascularization excision were conducted,
followed by fluid—air or fluid—gas exchange.

Results Visual acuity was 0.02-0.1 before surgery and 0.03-0.2 after surgery. Macular
hole formation was seen in one eye but did not lead to retinal detachment. In two eyes,
subretinal bleeding occurred during excision leading to vitreous bleeding after surgery.
Although defects of the RPE and choriocapillaries were observed after surgery, the
exudation and bleeding were absorbed.

Conclusions In stage 1l RAP cases with RPE detachment, surgical excision maintains
constant postoperative visual acuity but results in defects of RPE and choriocapillaris;
therefore, other treatment options should be examined. Surgical excision of stage |l RAP
seems to be promising, as postoperative visual acuity remains stable after
neovascularization removal in those advanced pathologic situations.

Introduction

Neovascularization in age-related macular degeneration (AMD) has been defined as

choroidal neovascularization. Intraretinal anomalous vascular complexes were first

described as a new pattern of AMD by Hartnett et al. in 1992 [5]. In 2001, Yannuzzi et al.
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[77] established a new concept for another type of AMD showing neovascularization
derived from retinal blood vessels, and they designated this type retinal angiomatous
proliferation (RAP). RAP is a disease in which the new retinal vessels expand toward the
inner retina and below the retinal pigment epithelium (RPE). This disease is classified into
stages 1-lll. Although the presence of RAP choroidal neovascularization in AMD patients
has been established in recent years, it can be easily overlooked if indocyanine green
angiography is not performed. Therefore most retinal surgeons may have inadvertently
performed subretinal surgery in these RAP patients, leading to poor functional and
anatomical outcomes. The natural course as well as the surgical prognosis is poor;
therefore, conservative treatment is generally recommended.

We treated 16 eyes in 13 cases of RAP. The therapeutic modality was photocoagulation in
10 eyes, sub-Tenon injection of triamcinoclone in 4 eyes, low-dose radiation in 1 eye, and
transpupillary thermotherapy in 1 eye. Although photocoagulation is the main treatment for
extrafoveal RAP, there is no effective treatment for foveal RAP [1].

In 2003, Borrillo et al. [2] reported a new treatment that involved ablating both the afferent
and efferent retinal vessels in stage |l RAP cases with RPE detachment in the fovea. At
present, only observation without treatment is practiced for cases that progress to stage I
of foveal RAP. No surgical treatment for RAP has been reported so far. In the present
study, we conducted surgical excision of neovascularization in foveal or perifoveal RAP
cases classified as stage Il or Ill. We report the postoperative outcomes of the first series
with our new modality.

Subjects and methods

We studied nine eyes of eight subjects (five eyes of five men and four eyes of three
women, 67-85 years of age, mean 79.446.3 years) with RAP who underwent surgical
excision of neovascularization between May and December of 2003 (Table 1). Three eyes
had Yannuzzi's RAP stage Il with RPE detachment, and six had stage Ill. The
postoperative follow-up period was 7—14 months (mean 10 months).

Table 1 Patient characteristics

RAP Postoperative

. Size Preoperative . : R
Sex location . ... final visual  Follow-up(months) Complications Lens
and stage (DD) visual acuity acuity :

Perifoveal

1 82 Male 'ISItflg;E 02 0.1 02 10 None Pseudophakia

detachment
Perifoveal

ﬁ‘flggE 0.8 007 0.06 14 None Pseudophakia

detachment

Case ?Age
no. (years)

2 85 Male

Perifoveal

3 82 FemaleﬁtflggE 1.0 0.04 01 10 Macular hole  Phakia

detachment
Subfoveal
stage Il

Subfoveal Subretinal .
5 67 Male stage I 1.5 0.08 0.09 10 hemorrhage Phakia

Subfovea ,
6 76  Male stage (I 17 0.02 0.07 14 None Phakia

Subfoveal Subretinal
stage IIf 18 0.1 0.1 8 hemorrhage
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4 72  Female.

N

7 0.07 0.1 12 None Phakia

7 83 Male Pseudophakia
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Case Age RAP Size Preoperative Postoperative i
no (y?aars) Sex location (DD) visu:: acuity final visual Follow-up{months) Complications Lens
' and stage acuity
Female Subfoveal ;
. (right) _stage Il 21 0.02 0.05 7 None . Pseudophakia
Female Subfoveal 2.2 0.08 0.08 8 None Pseudophakia

(left) stage Il

Visual acuity was measured with a standard Japanese decimal visual acuity chart. For
optical coherence tomography (Humphrey Instruments, Division of Carl Zeiss, San
Leandro, CA), the macular region was scanned horizontally and vertically for a length of
5.0 mm through the fovea. Fluorescein angiographic and indocyanine green examination
were performed with a fundus camera (Topcon, Tokyo, Japan; Rosenstock, Munich,
Germany; HRA; Heidelberg Engineering, Dossenheim, Germany).

Stage | was diagnosed when fluorescein and indocyanine green angiograms showed
intraretinal neovascularization with a retinal-retinal anastomosis. Stage 1l was diagnosed
when fluorescein and indocyanine green angiography showed a retinal-retinal anastomosis
and subretinal neovascularization. On slit-lamp biomicroscopic examination with the
Goldmann lens, there was usually angiomatous tissue in the inner retina and subretinal
space. An associated serous pigment epithelial detachment was seen when the subretinal
neovascularization reached or fused with the RPE. However, no choroidal vascular
component was depicted on angiography. Stage Ill was diagnosed when the indocyanine
green angiogram demonstrated the presence of choroidal neovascularization with a
retinal-choroidal anastomosis and vascularized pigment epithelial detachment.

Surgical indications were as follows: RAP diagnosed by fluorescein and indocyanine green
angiography with foveal or perifoveal neovascularization, preoperative visual acuity 0.1 of
worse, Yannuzzi's stage |l with RPE detachment or stage 11I, and leakage from
neovascularization in late-phase fluorescein angiography.

After cataract surgery in four eyes (five eyes were pseudophakic), vitrectomy was
conducted. The surgical procedure consisted of a regular three-port pars plana vitrectomy.
A small retinotomy (500 #m in size, one disc diameter from the neovascularization) at 11 o

clock to the neovascularization was performed, using a spatuia (Dorc, the Netherlands) with

the irrigation pressure set at 40 mmHg. The spatula was inserted between the

neovascularization and the sensory retina, then slowly moved sideways to separate the
neovascularization completely from the sensory retina. Caution was exercised during
surgery to avoid macular hole formation. Then, the neovascular membrane was removed
with forceps (Dorc) below the retina [8, 10]. Fluid—air exchange was conducted in five eyes
and fluid—-gas (SF6) exchange in four eyes.

Results

Visual acuity was 0.02-0.1 before surgery and 0.03-0.2 after surgery. The location and
stage of RPE, size of neovascularization, and position relative to the fovea are shown in
Table 1.

Posterior vitreous detachment occurred in all eyes; intraoperative complications occurred in
three cases. Macular hole formation was seen in one eye but did not lead to retinal
detachment. In two eyes, subretinal bleeding occurred during excision, leading to vitreous
bleeding after surgery. Therefore, vitreous irrigation and fluid—gas exchange were
conducted. There was no retinal detachment in any of our cases.

Fluorescein angiography at 6 months after surgery showed defects of the RPE and
— 104 —
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choriocapillaris in all cases. Exudation and bleeding from the lesions were absorbed in all
patients. There was no recurrence of RAP during a mean postoperative follow-up of
10 months.

Case reports

Case 1

An 82-year-old man had preoperative visual acuity of 0.1, and stage 11 RAP with RPE
detachment. Many soft drusen were identified in the macular region and a white subretinal
lesion in the retina was accompanied by superficial retinal bleeding {Fig. 1a). Indocyanine
green angiography demonstrated one afferent retinal artery to and one efferent retinal vein
from a perifoveal neovascularization 0.2 disc diameter in size. A hypofluorescent area 1.2
disc diameters in size corresponded to the RPE detachment (Fig. 1b). On optical coherence
tomography, a vertical cross section showed an area of hyperreflective subretinal space,
indicating neovascularization, and localized detachment of the RPE. (Fig. 1c).

Fig. 1 a—e Case 1: an 82-year-old man with stage 1l RAP plus RPE detachment {preoperative visual acuity
0.2). a Before surgery, many soft drusen are seen in the macular region and a white subretinal lesion in the
retina is accompanied by superficial retinal bleeding. b Indocyanine green angiography demonstrates one
afferent retinal artery {whife arrow) to and one efferent retinal vein (black arrow) from the perifoveal
neovascularization 0.2 disc diameter in size. A hypofluorescent area 1.2 disc diameters in size corresponds to
the RPE detachment. ¢ On preaperative optical coherence tomography, a vertical cross section shows a
hyperreflective subretinal area indicating neovascularization, and localized detachment of the RPE. d
Fluorescein angiography 6 months after surgery shows defects of the RPE (2.1 disc diameters in size) and
choriocapillaris. e On optical coherence tomography 6 months after surgery, a vertical cross section shows a
slightly thinned sensory retina (postoperative final visual acuity 0.2)

Since the eye was pseudophakic, vitreous surgery and excision of the neovascularization
were conducted, followed by fluid—air exchange. Fluorescein angiography at 6 months after
surgery showed defects of the RPE (2.1 disc diameters in size) and choriocapillaris

(Fig. 1d). On optical coherence tomography, a vertical cross section showed a slightly
— 105 —
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thinned sensory retina. The postoperative final visual acuity was 0.2 (Fig. 1e).

Case 3

An 82-year-old woman had preoperative visual acuity of 0.04 and stage Il RAP with RPE
detachment. Many soft drusen were identified in the macular region and a white subretinal
lesion in the retina was accompanied by superficial retinal bleeding (Fig. 2a). Fluorescein
angiography showed a perifoveal neovascularization 1.0 disc diameter in size, with
late-phase leakage from this neovascularization (Fig. 2b). Indocyanine green angiography
demonstrated two afferent retinal arteries to and one efferent retinal vein from the
neovascularization. A hypofluorescent area 1.4 disc diameters in size corresponded to the
RPE detachment (Fig. 2¢). On optical coherence tomography, a vertical cross section
showed a hyperreflective area inside the retina, indicating neovascularization, and
detachment of the RPE. Cystic retinal change was observed in the fovea (Fig. 2d).

Fig. 2 a—f Case 3: an 82-year-old woman with stage Il RAP plus RPE detachment {preoperative visual acuity
0.04). a Before surgery, many soft drusen are recognizable in the macular region and a white subretinal
lesion is accompanied by superficial retinal bleeding. b Preoperative fluorescein angiography shows
perifoveal neovascularization 1.0 disc diameter in size, and late-phase leakage from the neovascularization. ¢
Preoperative indocyanine green angiography demonstrates two afferent retinal arteries (whife arrows) to and
one efferent retinal vein (black arrow) from the neovascularization. A hypofluorescent area 1.4 disc diameters
in size corresponds to the RPE. d On preoperative optical coherence tomography, a vertical cross section
shows a hyperreflective area inside the retina, indicating neovascularization and detachment of the RPE. e
Fluorescein angiography 6 months after surgery shows defects of the RPE and choriccapillaris measuring 2.5
disc diameters. f Optical coherence tomography 6 months after surgery shows a thinned sensory retina
(postoperative final visual acuity 0.1) 106 —
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Since the eye was pseudophakic, vitreous surgery and excision of the neovascularization
were conducted, followed by fluid—air exchange. A macular hole formed during surgery.
Fluorescein angiography at 6 months after surgery showed defects of the RPE (2.5 disc
diameters in size) and choriocapillaris at the site of RPE detachment before surgery

(Fig. 2e). On optical coherence tomography, a vertical cross section showed a thinned
sensory retina and a macular hole (Fig. 2f). The postoperative visual acuity was 0.1.

Case 8

An 84-year-old female had preoperative visual acuity of 0.02 in the right eye. A white,
raised subretinal lesion with exudation and bleeding in the retina was observed (Fig. 3a).
Fluorescein angiography showed foveal neovascularization 2.1 disc diameters in size and
late-phase leakage from the neovascularization. Indocyanine green angiography
demonstrated two afferent retinal arteries to and two efferent retinal veins from the
neovascularization and retinal-choroidal anastomoses (Fig. 3b).

The patient underwent vitreous surgery and excision of the neovascularization, followed by
fluid—gas exchange. Fluorescein angiography at 6 months after surgery showed defects of
the RPE and choriocapillaris at the site of the preoperative lesion (2.9 disc diameters in
size) (Fig. 3c). Bleeding and exudation were absorbed after surgery. On optical coherence
tomography, a vertical cross section depicted a thinned sensory retina (Fig. 3d). The
postoperative visual acuity was 0.05.

Fig. 3 a—d Case 8: right eye of an 84-year-old woman with stage |Il RAP (preoperative final visual acuity
0.02). a A white, raised subretinal lesion with exudation and bleeding in the retina is observed. b Preoperative
indocyanine green angiography demonstrates two afferent retinal arteries (white arrows) to and two efferent
retinal veins (black arrows) from the foveal neovascularization 2.1 disc diameters in size, with
retinal—choroidal anastomoses (yelfow arrow}. ¢ Fluorescein angiography 6 months after surgery shows
defects of the RPE and choriocapillaris at the site of the preoperative lesion (2.9 disc diameters in size).
Bleeding and exudation were absorbed after surgery. d On optical coherence tomography 6 months after
surgery, a vertical cross section depicts a thinned sensory retina (postoperative visual acuity 0.05)

— 107 —
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Discussion

Retinal photocoagulation is currently used for treating extrafoveal stage |-l RAP. However,
the lesion may be resistant to photocoagulation due to communication with retinal blood
vessels. Even though afferent and efferent retinal vessels are coagulated, revascularization
of both may occur and several sessions of coagulation are necessary in most cases [7].
Kuroiwa et al. [6] reported rapidly progressive scar formation after transpupillary
thermotherapy in RAP. In their cases, the preoperative visual acuity was 20/200 to 20/250
and postoperative visual acuity was 20/200 to 20/500, and they concluded there had been
no improvement in acuity. Gass et al. [3] reported photocoagulation and photodynamic
therapy to be unsuccessful in preserving central vision. Since posterior sub-Tenon
triamcinolone injection, transpupillary thermotherapy and radiation therapy for foveal RAP in
our department yielded poor visual outcomes [7], we conducted surgical neovascularization
excision in the present study.

In stage Il eyes with RPE detachment, defects of RPE and choriocapillaris occurred at the
preoperative RPE detachment site after surgical excision. In cases 1-3, the
neovascularization was 0.2—1.0 disc diameter and the RPE detachment was 1.2-1.4 disc
diameters in size before surgery, but defects of the RPE and choriocapillaris measuring
2.1-2.5 disc diameters were formed after surgery. Although visual acuity was maintained,
the postoperative RPE defect involved a greater area than that before surgery. Therefore,
excision of neovascularization was considered not to be indicated for stage il eyes with
RPE detachment.

In 2003, Borrillo et al. reported [2] surgical ablation of afferent and efferent retinal vessels in
four stage Hl eyes with foveal RPE detachment having a preoperative Snellen visual acuity
of 20/100 to 20/40. During 6—12 months of postoperative follow-up, preoperative Snellen
visual acuity was 20/200 to 20/30. There were no operative complications and RPE
detachment resolved after surgery. These data seem to suggest that surgical ablation of
stage || RAP produces better visual results than surgical excision of neovascularization.

For stage 11l RAP in the fovea, no useful treatment method is currently available and these
cases are only observed without treatment. However, the visual prognasis is poor due to
lesion expansion and increases in retinal hemorrhage and exudation. In the six stage !lI
eyes that underwent surgical excision of neovascularization in the present series, although
visual acuity could only be maintained at the previous level postoperatively, bleeding and
exudation were absorbed in all cases. The cataract extraction that was performed in two
eyes may have influenced postoperative visual acuity. Thus, surgical excision seems to be
promising for stage Il RAP, as postoperative visual acuity remains stable after
neovascularization removal in these advanced pathologic situations.

This report is the first to describe the potential usefulness of surgical excision for RAP.
However, the risks and precautions for this surgical modality have to be recognized.
Subretinal or intraretinal location of RAP was proposed by Yannuzzi et al. [17], and has
been confirmed histologically {7] and demonstrated clearly by optical coherence
tomography (Fig. 2d). Therefore, removing a RAP may also cause a subretinal defect and
even retinal detachment. Moreover, attention should also be paid to the anastomotic
connections. Slakter et al. [9] warned of the necessity to identify these anastomotic
connections as they may predispose to bleeding or tissue rupture. Ghazi and Yannuzzi [4]
stated the importance of detecting the anastomoses when contemplating submacular
membranectomy or macular transiocation because of the surgical difficulties and the risk of
tearing the retina. In our present series, we observed macular hole in one eye and
subretinal bleeding in two eyes, but no serious complications such as retinal detachment.

During surgical excision, separation of the retina from the RAP has to be performed
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