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Retinal Pigment Epithelial Detachment and
Choroidal Neovascularization in Senile
Disciform Macular Degeneration

Muneyasu TAKEDA and Yasuko MIYABE
Department of Ophthalmology, Sapporo Medical College
(Chief : Prof. T. Nakagawa)

Senile disciform macular degeneration is classified into two groups: the pigment epithelial detachment
(PED) group and the non-pigment epithelial detachment group. It is not clear whether choroidal
neovascularization occurs in the PED group, although it has been shown that choroidal neovascularization
takes place in the latter group. The purpose of the present study is to investigate the relationship between
PED and choroidal neovascularization, visual prognosis, and the probability of photocoagulation for PED
in senile disciform macular degeneration. .

Our retrospective study consists of 29 consecutive untreated patients (30 eyes) over 50 years of age all
having PEDs except for one patient. The results are as follows:

1. Detachment was defined as serous (S-PED) in 9 eyes, combined (C-PED) in 12 eyes, and hemor-
rhagic (H-PED) in 9 eyes.

2. Detachment larger than 5 disc diameters was discovered in 1 of the 9 eyes (11.1%) in S-PED, none
in the 12 eyes (09%) in C-PED, and 3 of the 9 eyes (33.3%) in H-PED.

3. Incidence of the notch sign was observed in 569 of S-PED, 67% in C-PED, and 89% in H-PED. In
proportion to the extent of hemorrhage in the PED, incidence of the notch sign was increased. Abnormal
hyperfluorescence was detected quite close to PED in all the patients under fluorescein angiography.

4. We classified the abnormal hyperfluorescence including the notch sign into three types based on the
angiograms : patch-, tuft-, and reticular. These types were nearly always found to have subpigment
epithelial neovascularization. The shape was different from those of pigment epithelial detachment (PED),
and early irregular filling and late slight leakage of the dye were different from those of pigment epithelial
detachment (PED) and atrophy of the retinal pigment epithelium (RPE).

5. Prognosis for visual acuity was rather good. However, it is highly possible that we can directly
treat choroidal neovascularization in a notch, which is not covered with subpigment epithelial blood, before
neovascular membrane reaches the center of the foveal avascular zone. Although a large number of PED
were involved in the fovea at the time of the intial visit.
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1 Introduction

Senile disciform macular degeneration (SDMD) continues to grow as the world’s population gets older
and one of the most important causes of legal blindness is SDMD'-?. SDMD is characterized by the
presence of a choroidal neovascularization and/or pigment epithelial detachment (PED). Gregor and
Joffe® reported that there was a much greater prevalence of disciform macular degeneration in Caucasians
(3.5%) than in black Africans (0.1%). We have already reported the natural history of idiopathic
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choroidal neovascularization, and suggested that Japanese differ from Caucasians in respect to the incidence
of bilaterality, and visual prognosis®. The present report describes a study of 30 eyes with hemorrhagic or
serous detachment of the retinal pigment epithelium (RPE). The purpose of this study is to investigate the
relationship of PED regarding the chorodial neovascular membrane, including the notch sign, visual progno-

sis, and the necessity of photocoagulation therapy for PED.
2 Material and Methods

We undertook a retrospective study of 29 consecutive untreated patients (30 eyes) over the age of 50
years with PEDs, who were referred to the Department of Ophthalmology at Sapporo Medical College from
1980 to 1986, with the exception of one patient, aged 39.

The criteria for the diagnosis of a PED was established as the local elevation of the RPE with halo and
pooling of fluorescein dye or blocked fluorescence due to blood or serous exudate in the subpigment epithelial
space in angiography.

The following detail were recorded : the age and sex of the patients, duration of symptoms, corrected
visual acuity, the size, location, and ophthalmoscopic features of the PEDs, together with the pattern of
fluorescence in fluorescein angiography. Patients with serous retinal pigment epithelial detachment as-
sociated with severe myopia, angioid streaks, choroidal tumors and idiopathic central serous choroidopathy
were not included in this study.

In the first part of the study, detachments were
grouped into three categories: serous (S-PED), com-
bined (C-PED), and hemorrhagic (H-PED). S-PED
(Fig.1-a) was characterized by a clear subpigment
epitheliel fluid without blood in the subpigment epith-
elial space. Fluorescein angiography showed
hyperfluorescence spread diffusely beneath the entire
detachment in the early phase, and the dye pooled into
the subpigment epithelial space with well demarcated
margins. H-PED (Fig.1-c) was defined by the pres-
ence of a total bleeding in the subpigment epithelial
space, which corresponded with blocked
hypofluorescence as discovered in fluorescein angiogra-
phy. Combined group (Fig.1-b) was characterized by
partial bleeding in the subpigment epithelial space, and
showed a demarcation line between fluid and blood.

The size of PED was recorded by measuring the
average of the largest horizontal and vertical diameters
of the detachment in the disc diameters (DD). Notch
sign (Fig.2-a to 2-c) was defined by a flattening or an

indentation of the margin of PED.

Fig. 1 Classification of pigfnent epithelial detach-

3 Results ment with a notch (an arrow).
. Top: S i t epithelial detach
3:1 PED and choroidal neovascularization ()(%_PS)O)US plemenCepitielia’ detnehment
Of the 29 patients, 20 were male and 9 female. The Middle: Combined pigment epithelial

. .. det -
age range at the first outpatient visit was 38 to 78 years B OS oiiamﬁ::nércrhzgg) pigment. epithelial

with the median being 65.6 years. detachment (H-PED)
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Detachment was found in 9 eyes in S-PED, 12 eyes
in C-PED and 9 eyes in H-PED (Table1). Detach-
ment diameter at the initial visit was found to be from
0.8 to 5.0 DD with the average being 2.6 DD. A size
comparison of the detachment in each group is shown in
Table 2. The large PEDs of more than 5 DD in the
serous group was 1 out of 9 eyes (11.1%), none of the
12 eyes in the combined group, and 3 of 9 eyes in the
hemorrhagic group (33.3%). The initial PED involv-
ing the foveal avascular zone was 22 of the 30 eyes (73.
3%), and not involving was 8 (26.7%). Bilateral
PEDs were observed in only one patient, whose one eye
had already shown PED at the time of the first visit and
the other eye developed PED during the follow-up
period. The incidence of the notched PED was 70.0%.
Notch sign was found in 55.6% of the serous group,
66.7% in the combined group, and 88.99% in the hemorr-
hagic group (Table 2).

Abnormal hyperfluorescence which included the
notch sign was detected around the PED in all cases.
We classified the hyperfluorescent spots into three types

based on the angiograms: patch-, tuft-, and reticular
(Fig.3). The patch-type was characterized by a dis-

Fig. 2 Pattern of abnormal hyperfluorescence

seminated patchy hyperfluorescence. Fluorescein an- ! .
based on fluorescein angiography.

giogram of the tuft- or the reticular-type showed tuft or Top: Reticular (Vascular) pattern (a
reticular subretinal hyperfluorescence which is caused large arrow) -

. . . Middle : Tuft-like (Vascular) pattern (a
by a fluorescent dye filling the capillaries of the chor- large arrow) .
oidal neovascular membrane in the early phase. These Bottom : patch-like pattern (a large

arrow). Small arrows showing PED of

hyperfluorescent spots rarely showed any leakage of the VARIBUS types,

dye during the early phase, but tissue stainning was
distinct during the late phase in all the types.

In eyes with serous PED, 899 were of the patch-type, but in the eyes of the combined group 509 were
of the tuft-type, 429§ were of the patch-type, in eyes of the hemorrhagic group 56% were of the patch-type,
22% were of the tuft-type, and 229 were of the reticular-type (Table 2).

In the intial findings, subretinal hemorrhages were found in 229% of the 9 eyes in the serous group,
whereas 58% was found in the combined group and 569 in the hemorrhagic group.

The site of abnormal hyperfluorescence was found to be in the para-foveal (more than 200 x from the
center of foveal avascular zone) in 20 eyes (67%), the Table 1 Classification of pigment epithiial
juxta-foveal (lessthan 200 x) in5eyes (17%), and the detachment
sub-foveal in 5 eyes (17%). Localization of abnormal

Classification No. (%)
hyperfluorescence was in contact with detachment of
RPE in 25 of the 30 eyes (83%). S-DED eronp 9 G0D
- C-PED group 12 (40.0)
32 Clinical course of PED
H-PED group 9 (30.0)
Of the 21 eyes followed for more than 3 months,
Total 20 (100.0)

enlargement of PED was discovered in 9 eyes. Develop-
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Table 2 Initial examination data for 30 eyes with PED

Group of PED

S-PED C-PED H-PED Total
n=9 (%) n=12 (%) n=9 (%) n=30 (%)
Size of PED
less than 1DD 3 (33.3) 4 (33.3) 4 (44.4) 11 (36.7
1-4DD 5 (55.6) 8 (66.7) 2 (22.2) 15 (50.0)
5DD or more 1 (1.D 0C0 D 3 (33.3 4 (13.3)
Notch sign v
present 5 (55.6) 8 (66.7) 8 (88.9) 21 (70.00
absent 4 (44.0) 4 (33.3) 131D 9 (30.0
Subretinal hemorrhage
present 2 (22.2) 7 (58.3) 5 (55.6) 14 (46.7)
absent 7 (77.8) 5 (41.7 4 (44.4) 16 (3.3
Pattern of abnormal
hyperfluorescence
Patchy 8 (88.9) 5 (41.7 5 (55.6) 18 (60.0)
tuft 1 d1.D 6 (50.00 2 (22.2) 9 (30.0)
reticular 0C0 D 1(8.3 2 (22.2) 3 (10.0)

ment of subretinal neovascularization was observed in 4 eyes, expansion of abnormal hyperfluorescence was
noted in 4 eyes, increased bleeding in the detachment of the RPE, and the appearance of subretinal bleeding
was observed in 2 eyes, respectively. Development of serous PED after the absorbance of bleeding under
RPE was seen in 3 eyes in the hemorrhagic group (Total number of lesions was 26.) (Table 3).

Four eyes were treated by a xenon, argon, or krypton laser photocoagulation. Two eyes in the
combined group were treated by confluent photocoagulation of the choroidal neovascular membrane. The
visual acuities improved during the study period. One eye in this combined group having many scattered
burns on the surface of the PED developed a new choroidal neovascular membrane, thereafter. Visual
acuity deteriorated to 0.05. One patient with foveal

hemorrhagic detachment who finally gained good visual 10 » ® PY *
acuity (1.0), underwent photocoagulation on the - ® o0
subpigment epithelial neovascular membrane after < - L
absorption of the subpigment epithelial hemorrhage. 3 - @ L
3-3 Visual prognosis of patients with PED < 0'5: d o

Of the 21 eyes which were observed for 3 months or Z . o
more (The follow-up period ranged from 3 to 66 months L »
with an average of 26.2 months) final visual acuity of ol e
0.5 or more was observed in 13 eyes (61.9%), from 0.01-0.09} L4 e N=21
0.1t0 0.4 for 3 eyes (14.3%), from 0.01 to 0.09 for 3 f Ly s a1 ? s s
eyes (14.3%), and counting finger for 2 eyes (9.5%) c‘}og"»'o’-‘ & K
(Table4). Visual acuity declined more than two lines 0\’

in 7 eyes (33.3%) and improved in 8 eyes (38.1%), < INITIAL VA
and no change in vision was observed in 6 eyes (28.6%) Fig. 3 Relationship between initial and final visual
(Tableb). acuity.
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Table 3 Summary of choriovetinal lesion changes in 21 eyes followed up for 3 months or more.
(The total number of lesions)

Lesi S-PED C-PED H-PED
esions n=3* n=10* n=g*
Developed subretinal neovascularization 1 1 2
Enlargement of hyperfluorescence 2 0 2
Enlargement of the PED 1 5 3
More bleeding in the PED 1 1 0
Subretinal hemorrhage 0 1 1
Development of serous PED / / 3
Photocoagulation 0 3 1
(*“n”: total number of eyes)
Table 4 Final visual acuity Table 5 Changes of visual acusty between

the first examination and comple-

Visual acuity No. (%) tion of the study

counting finger 2 9.5 Visual acuity No. %)

0.01-0.09 3 14.3

0.1.0.4 3 14.3 Better 8 38.1

0.5 or better 13 61.9 Same 6 28.6
Worse 7 33.3

4 Discussion

4-1 Pigment epithelial detachment

There were differences in the visual prgnosis, incidence of choroidal neovascularization, and the
effectiveness of various laser photocoagulations between the two groups of SDMD : the PED group and the
non-PED group®.

Detachment of the RPE was defined as well demarcated, and dome-shaped elevations of the RPE. In
fluorescein angiography, S-PED revealed early filling and late pooling of the dye beneath the RPE, and
H-PED showed a block of the choroidal background fluorescence owing to the hemorrhage under the RPE.
It is possible that S-PED switched to the C- or H-PED as a result of later bleeding beneath the RPE.
4-2 Notch sign and occult choroid%_ll neovascularization in PED

Notched PEDs were seen in 21 of the 30 eyes (70.09%) in the present study. The notch sign was found
in 55.6% of the 9 eyes of the serous group, in 66.7% of the 12 eyes of the combined group, and in 88.99% of
9 eyes of the hemorrhagic group. The percentage of S-PED with a notch was almost the same as the Gass’s
study (38 of the 55 eyes, 69.19)°.

Yoshioka and Oojima™ reported that the notch sign had no relation to be the development of S-PED
because the notch was apart from it. However the abnormal hyperfluorescences including the notch sign
were detected to have contact with PED in most of the patients in our study.

We believe that the notch sign is the most important sign of choroidal neovascularization in PED. The
noth of the RPE is supposed to be induced by the tight adhesion of the RPE to the Bruch’s membrane. It
is strongly suggested that existance of the neovascular membrane in the notch when it is accompanied with
one or more of the other signs such as hot spots, lipid, fluid levels within the PED®. C-PED and H-PED
are reported to have choroidal neovascularizatoin, because their bleeding beneath the RPE was a sign of
occult neovascularization. Gass® has already reported that 929 of the 35 eyes with the notch developed one
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or more additional signs of chorodial neovascularization during a follow-up study of 5 months or more in
S-PED.

According to Gass, the blood flow within the neovascular network may increase and the exudation and
extravasation of erythrocytes may start. If endothelial decompensation is confined primarily to one portion
of the network, it may cause a serous detachment of the adjacent RPE. In such cases, a notched, or
reniform-shape pigment epithelial detachment develops around the margin of the neovascular network.

Similar notching may occur at the edge of an occult neovascular membrane in H-PED. The combined
group of PED is induced by sudden bleeding under the S-PED, which is caused by the occult sub-pigment
epithelial neovascular membrane.

A higher incidence of the notch sign was present in the combined group (66.7%), or the hemorrhagic
group (88.99) than in the serous group (565.6%). These findings were similar to those reported by
Poliner et al®

We classified the hyperfluorescent spots including the notch sign into three groups. It is not always easy
to make a definite distinction among them. Characteristics of the three groups as shown by angiography
display a varied degree of dye fillings with tissue staining which is characteristic of the choroidal neovas-
cular membrane beneath the RPE”. Hyperfluorescences such as tuft- and reticular- types are considered
to be caused by choroidal neovascularization due to the vascular pattern and dye staining in the later phase
of angiography®. However it is not always certain that hyperfluorescences of the patchy-type were
choroidal neovascularization or not, because of the smallness of the lesions under RPE.

Yoshioka!” reported on the likelihood that the primary lesion in macular subretinal neovascularization
will appear in the focal area of hyperpigmentation after the acute retinal pigment epitheliitis and will
develop new vessels beneath the RPE. Though none of the eyes had clinically definite evidence of neovas-
cular membranes during the initial visit, they often went on to develop neovascularization®. As regards
this phenomenon, Sarks'?, and Green and Key'? have shown that the choroidal neovascularization associat-
ed with gaps in the Bruch’s membrane was found more often histologically than it was recognized clinically.
It was shown that blood vessels at this level might not always involve detached RPE and did not necessarily
cause a loss of visual acuity!®.

Sometimes, the choroidal neovascular membrane from fibrovascular ingrowth through a break in the
RPE may cause serous or hemorrhagic PED. Abnormal hyperfluorescence including the notch sign was in
contact with PED in all our patients. This shows a close relationship between choroidal neovascularization
and S-PED as well as C-PED and H-PED. However a definite cause-and-effect relation between choroidal
neovascularization and PED was not established in the present study.

4.3 Visual prognosis

The prognosis was excellent in the group of patients whose ages were 55 years or younger with extra-
foveal detachment of the RPE of one disc diameter or less. In most of these patients development of a
neovascular membrane was not seen®>*~!'9,  In a report on the patient with S-PED, Elman et al.® showed
that although a large number of eyes were able to maintain functional visual acuity, 25% of the eyes had
severe and irreversible visual loss usually due to complications of choroidal neovascularization. In 140 eyes
which developed choroidal neovascular membranes, 32% of them were associated with a final visual acuity
of 20/200 or worse. However in our study, ages of the patients were 50 or older with the exception of one
case. PEDs were larger than 0.8 DD with an average of 2.6 DD and involved the foveal avascular zone in
73.3% of the 30 eyes. Of the 21 eyes observed for 3 months or more, final visual acuities of 0.5 or more
were found in 13 eyes (61.9%), and worse than 0.1 were discovered in 5 eyes (23.8%). A large number
of eyes (66.7%) were able to maintain initial visual acuity at the completion of our study, whereas a final
visual acuity of 0.1 or worse was reported as 61.69% in the Poliner ef al. study®. The visual prognosis was
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fairly good in our patients. Casswell et al.'® showed similar results in S-PED, but not in the case of the
non-PED group of SDMD*!2Y, The reasons for this discrepancy between the PED group and the non-PED
group were speculated as follows:

1) Choroidal neovascular membrane may be limited to the subpigment epithelial space with the intact
RPE and neuroepithelium'? in the PED group. In contrast, the membrane in the non-PED group has grown
through both the Bruch’s membrane and RPE damaging the photoreceptor.

2)  The choroidal neovascularization in the PED group can be detected earlier than in the non-PED
group because of a visual loss secondary to PED, before the choroidal neovascularization involves the fovea.
44 Photocoagulation for PED

In senile disciform macular degeneration, the PED group may differ form the non-PED group in the
response to photocoagulation as well as the natural history. The Macular Photocoagulation Study (MPS)
demonstrated that the argon laser photocoagulation to choroidal neovascular membranes outside the foveal
avascular zone in the non-PED group improved the visual prognosis when compared with the natural
course?®>??.  However there is no evidence to suggest that photocoagulation at any wavelength (argon,
ruby, krypton, and argon dye lasers) to various types of PED is either beneficial or safe at present®®.
Bird?¥, using an argon laser and xenon photocoagulation, reported flattening in 21 of the 24 S-PEDs.
Schatz and Patz?® showed similar results in 71 eyes with S- or H-PEDs. However the Moorefields Macular
Study Group?® reported that argon laser photocoagulation is not beneficial for SDMD with S-PED.

In the past the method of photocoagulation for PED?3-2% consisted of a grid pattern, a C-shaped pattern,
and non-contiguous burns straddling the margin of the S-PED without a definite detection of the neovascular
membrane instead of the present use of direct coagulation for choroidal neovascularization. Although PED
involved the foveal avascular zone in 73.3% of the cases at the initial visit, a choroidal noevascularization
still remained in the extra-foveal area in our study. Therefore, it is possible to photocoagulate the
choroidal noeovascular membrane early enough before the membrane has the opportunity to invade the
fovea. In H-PED with a notch, it is highly possible that we can directly treat choroidal neovascularization
with a notch which is not covered with subpigment epithelial blood.

The criteria for the selection of patients in consideration of photocoagulation at the present time should
fulfill the following two items;

1) PEDs which have a sign of choroidal neovascularization, involvement of fovea and visual loss.

2) The distance which is 200 ¢ or more from the foveal edge of the choroidal neovascularization to the
center of the foveal avascular zone.

In addition, the need for randomized controlled studies to document the role of photocoagulation for
choroidal neovascularization combined with PED must be emphasized.

5 Conclusions

We undertook a retrospective study of 29 consecutive untreated patients (30 eyes). They were 50
years or older with pigment epithelial detatchments (PEDs) with the exception of one patient.

1> Detachment was defined as serous (S-PED) in 9 eyes, combined (C-PED) in 12 eyes, and hemor-
rhagic (H-PED) in 9 eyes.

2) Detachment larger than 5 disc diameters was observed in 1 eye (11.19%) in the serous group, none
(09%) in the combined group, and 3 eyes (33.3%) in the hemorrhagic group.

3) Incidence of the notch sign was 569 in the serous group, 67% in the combined group, and 89% in
the hemorrhagic group. In proportion to the extent of the bleeding in the PED, an incidence of the notch
sign was increased. There were abnormal hyperfluorescence with tissue staining of the dye around PED,
which was not accompanied by a notch sign.
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4) We classified abnormal hyperfluorescences with or without the notches into three types based on the

epithelial neovascularization.

These cases were nearly always found to have subpigment

5) Of the 21 eyes followed for three months or more, visual.acuities of 0.5 or more were observed in

61.9%. Visual acuity which improved more than two lines were 38.1%, and no change in vision was
observed in 28.6%.
In conclusion, abnormal hyperfluorescence including the notch sign appears to be an indication of

choroidal neovascularization.
the RPE and does not reach the foveal avascular zone.

PED of SDMD.
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2o\ CRPRAGER AT OS5 H b h & oo T
5. LA LEZEERIURETH 0 s, EFfL47R
<, PAGEFAME L OBRALTLSBA LTV 2
. SE, AR EEHEYETARBE WL
Gass D5 L7z notch sign &b QB (138 1 SORIEE
PRI A I & OBIMR, BARE, kL UULEE
TR D FTEEME T o\ TR L 7

SEEFIL ] FlEERE, 50U ETH-To. Thb
DIEFI O R E RO RI D, SRERE IR
HifntERE 9 IR, kX OBEWE R iEclims
T 5L D) 12BEHE L.

BEEFHEOKRE X110.8 55 5.0 AREKRTYE
B2.6 AEETH -7, RN, BAEUHEIVHEM
OIS KBE ELRHBORE WL ORERDL
. _

¥ oW I RS T A M E O BB H A FEIE T H
ML -& BEE v I M 55.6%, 184 B 58.3% k)
L, SRIEHEREL22.2% LEWERAR bR,

notch sign XEF L EHBORTCREV AL L O
MM 2R Lz, WA EECBFoBELREECR
S s ERAGL L Eiry, AT
B AFRD B . notch sign DFARE & H i B
88.9%, EEMEEG66.7%, WIRMFS.6%LBHELE
F %I N oo B Ift DFREE G U T notch sign D& FHAE

B O B T
EE Il B D

NEL A BENED b, BFREREHE ORI
t% notch sign % & O LISt BE ¥ GG LS
B ceflicml S nie

Rt notch sign &0 REBE KB OMRES
5 ERNHBIBUR, FBR, BIO@ERD 3Ry
Eahie, BXEE CRBEFUIICGRGBIERET
55, BEHRIICERCEXORER L ORBREG &
B, Lich-s TIbORFRMHICIHEEGEHE LK
DEM YR TEREX OB (window defect) Tl
<, PRESEFTAME & HEE E uic. notch sign List o
BEEAMEBIIEE R L Ko BEL Tw
7.

B BE BRI 73 3% LEEnEE S
G, NRAGEFAME 2% 5 R IE(otch
sign ¥ &1 ITFOENLEEN T, JCEREDRIEETL para
~foveal %% 20 BR 67% % 5 7.

BRI 0.5 LA 62% T, 1R & 2 B
Dl EodE38.1%, TH 28.6%, E/H33.3%TH
b, BOFHBRIERLEFEHELE LIV EAET
T ERE Tlkish - 7o,

LA ko z & 255 SDMD iR b o B 65 b s #lsk
DRI FHITER ERHBERZE Lo\ D & I
BRIFTH 5. BEERET R0 notch sign & R
EREXEIREENETFEOBETH D, WEEER
TERASEORBEHEI N, FoBE LEHBEORE
FlEREETAnE A P OEBENETRCEL VR
KHERTELOT, REEEROTREEITRIND.



