
DRUSEN AND DISCIFORM MACULAR
DETACHMENT AND DEGENERATION

BY .J. Doniald Al. Ga.S.s, MI)

ALTHOUGH THERE IS STILL CONTROV7ElISY CONCEAININECG 1HIE TIE RS fami ilial
drusen, senile (Irusen, senile nmacular degetneration, and senile disciforml
miiacuilar degenieration, the trend in r(ecent years h1as becn1 toward con-
sidering all of these names as synonymiious for what is probably a single
herecodegencrative disease. It is generally accepted now that Hutchin-
soin-Tay's central guttate choroiditis,' Doyne's honeycomib choroidi-
tis,2' Holthouse-Batten's superficial choriorctinitis,4 aind mnalattia, levan-
tinese5 are niames describing the same disease, familial or dominantly
inherited druscn. While soImec authors'"7 believe thcse patients -are dif-
ferent from those with senile drusen, the criteria for miaking this distinc-
tion are not clear.
For many years after the classical descriptioins of mnuacular drusen8

and disciform macular detachment"-11 were reported the close relation-
ship of the two diseases was generally overlooked. More recently
authors have stressed the frequency with wvhich drusen are noted in the
opposite eye of older patients with disciform macular lesions.'12-1
The term senile niacular dlegeneration has been used since the disease

was first described as a clinical entity by Haab'( in 1885. It refers to a
variety of pigmentary and atrophic changes in the macular region
which in most instances are indistinguishable fromi tihose described in
patients with senile miacular drusen and various stages of disciform
detachment. While Duke-Elder17 states that a hereditary tendency in
senile macular degenieration is not marked, other authors1 3,15, P3, 18-20
believe that it is a heredodegenerative disease.
While many forms of medical therapy have beeni proposed for these

patients, there is no convincing evidence that any are of value. Recently
photocoagulation has been proposed as a possible imeans of reversing
early senile disciform detachmeint of the m-acula,'5.'1 --" and also as a
potential menans of preventing disciform detachment.27- 2'
The evaluation of treatment in these patients is difficult because of
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the pauicity of informiiation concerning the natural couirse of this disease.
Only a fewv studies of large series of these patients areacvilable.12"4,I
The purposes of this report are: ( 1) to suimmllarize the clinical find-

ings and course of 200 paticiuts followed since 1960 at the Bascom
Palmer Eye Institute (BPEI) for macular drusen and its complications;
(2) to formulate guidelines for counseling patients concerning the
natural course and therapy of the disease; (3) to evaluate the effective-
ness of photocoagulation as a means of favorably influencing the
natural course of this disease; and (4) to reinforce the concept that
familial drusen, senile macular drusen, senile macular degeneration,
and senile disciform macular degeneration are all terms for the same
heredodegenerative disease which affects primarily the retinal pigment
epithelium, Bruch's membrane, and the choriocapillaris, and only sec-
ondarily the retina.

-METHODS AND MATERIALS

Between June 1963 and January 1972 approximately 16,500 patients
had fundus photographs taken at thc BPEI. Approximately 30 per cent
of these patients have also had one or more fluorescein angiographic
studies. Since July 1965 photographic evaluation has routinely included
stereo color photographs and stereo black and white angiographs. The
techniques of stereo fundus photography and angiography have been
reported previously.32 During the past three years the Baird Atomic
Interference B4 filter and a No. 12 Wratten yellow filter have replaced
the original Wratten 47 and 15 filters in the Zeiss fundus camera.
Fundus photographs of patients which were coded as drusen of

Bruch's membrane, familial drusen, Doyne's honeycomb choroido-
pathy, senile mnacular degeneration, senile disciform macular degener-
ation, and Kuhnt-Junius macular degeneration, through December
1969, were reviewed. In 258 patients the media was sufficiently clear
to obtain good quality photographs, and sufficient clinical information
was on file to substantiate the diagnosis. Special care was taken to
exclude patients with othcr causes of disciform detachment, such as
myopic degeneration, pseudoxanthoma elasticum, Paget's disease, the
presuiied ocular histoplasimiosis syndrome, and Toxocara canis, as
well as patients with fundus flavimaculatus, fundus albipunctatus, and
central areolar choroidal sclerosis.

During 1970 and 1971 an attempt was nmade to recall all of these
patients for examination- and to obtain interval and follow-up informa-
tion fronm their referring physicians. Eighty-five of these patients were
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D1rutse i, anld(l Ala(ctlar De'etieration4
lost to follow-up for a variety of reasons. One hundred and eighty
patients with a two-year or greater follow-up were included in this
study. An additional 20 patients treated with photocoagulation and
with only a one-year follow-up were also included. Approximately 50
per cent of the 200 patients have been followed by the author at peri-
odic intervals during the past eight years as a part of a large clinical
study of macular diseases. One hundred and ninety patients had com-
plete ophthalmic evaluation at the BPEI. The history and findings in 10
patients seen at the BPEI for photographic evaluation only were obtained
from the referring physician. One hundred and forty-nine patients were
photographed on two or more occasions over a period averaging four
years. The remainder had photographs only on a single occasion. Most
had one or more fluorescein angiographic studies.

Fifty-three of the 200 patients had photocoagulation in 56 eyes. The
Zeiss xenon photocoagulator and the American Optical ruby laser were
used in all but one eye which was treated with the Coherent Radiation
argon laser.

Thirty-six of the 200 patients and 16 others with macular drusen and
disciform detachment seen during the past year for the first time had
electroretinography and electro-oculography utilizing the techniques of
Arden33 and the guidelines for interpretation suggested by Henkes.34

In this report the term (lisciforni detachment and degeneration will
be used to refer to the thre basic pathologic processes which lead to
significant loss of central vision in patients with drusen: (1) serous
exudation from the choriocapillaris through an intact Bruch's mem-
brane into the subpigment epithelial space and then into the subretinal
space producing varying dcgrees of serous detachment of the pigment
epithelium and retina; (2) neovascular ingrowth through breaks in
Bruch's membrane into the subpigment epithelial space with serous
and hemorrhagic detachment of the pigment epithelium and retina;
and (3) geographic or areolar atrophy of the pigment epithelium usual-
ly with no evidenice of defects in Bruch's membrane. Each of these
pathologic alterations presents a characteristic ophthalmoscopic ap-
pearance that can be identified best with biomicroscopy, stereo fundus
photography, and angiography.15'35

For purposes of presentation these patients with drusen in the macula
and paramacular region are here subdivided into three groups, based
on the findings wlhen they were seen initially at the BPEI: group i -
those with no cvidence of disciformii detachmnent and degeneration in
either eye; group ii - those with disciform lesions in only one eye; and
group iii - those with bilateral disciform detachment and degeneration.

411



Gass

w.. w............

FIGURIE 1

Grading of i laciilar drtiscii. A: Grade i. i: Grade II. c: Grade iII.

The size anid number of drusenl in the miiacular arca werc arbitrarily
graded i, ii, or iII (Figure 1). Although in retrospect it Nvoull lhave been
desirable to do so, no attempt was mnade to grade thc degree of drusen
depositioin that wvas presenlt in the periplheral fundi of all of these
patients.

FINDINGS

GIROUP I. BILATEIIAL D)IIUSEN WiTHlOUTl )ETACAIMENT

Ifiitial ExaallatiOfI

Forty-niine patients ha(l drusen in tlhe' mactla or paramltacular region
bilaterally when first scni at thc BPEI. Seventeen wcre miiale and 32 were
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Drusen and Macular Degeneration

femllale. Forty-seven were Caucasian and 2 were Negro. The average
age when the patient wvas first seen at the BPEI wN7as 61 ycars (range 29
to 81 years). When first examiiined at the BP'EI, visual acuity in both
eyes was 20/20 or better in 21 of the 49 patients, and 20/25 to 20/40 in
18 patients. Four patients had 20/50 to 20/200 vision in one or both
eyes due to nuclear sclerotic cataracts. Three patients had vision of
20/70 to 20/400 in one eye because of other diseases affecting central
vision (rhegmatogenous retinal detachment, optic atrophy, and acute
multifocal posterior placoid pigment epitheliopathy36).
The drusen in the macular region in these patieints were graded as

follows: grade i - 15 patients; grade II - 26 patients; and grade iii - 3
patients (Figure 1). Five patients had many drusen scattered in the
perimacular, peripapillary, and peripheral regions, but virtually none
centrally. In approximately two-thirds of the patients the size and dis-
tribution of drusen in the two eyes were symmetrical. In most the drusen
were centered in the macular area. In some they were centered tem-
poral to the macula, and in a few, nasal or above or below the macula.
Biomicroscopic examination of the fundus often revealed many drusen
not seen in the fundus photographs. Retro-illumination with the slit-
lamp bcam was helpful in detecting druscn that were not visible
ophthalmoscopically because of the minimal thinning and loss of pig-
ment from the overlying pigment epithelium. The three-mirror gonio-
prism was particularly useful in detecting the many small drusen scat-
tered throughout the peripheral fundus in most of these patients. Fluo-
rescein angiography also detected some drusen missedl by otlher meth-
ods of examination.

Follow-up Examiinations
The average period of follow-up after the initial visit to thlc BPEI was
4.9 years. Thirty-three patients had two or more photograplhic studies
over an average period of 4.7 years.
Nine of the 49 patients developed loss of central vision in one eye

due to disciform macular detachment or degeneration during the
follow-up period. The average age at the time of visual loss was 75
years (range 71 to 79 years). Three patients had grade i drusen and
6 patients had grade ii drusen. Five of these 9 patients lost central
vision in the second eye during the follow-up period. The average age
of the patients at the time of visual loss in the second eye was 76 years
(range 73 to 81 years). Eight patients lost central vision due to disci-
form detachment in 8 eyes and geographic atrophy of the pigment
epithelium in 5 eyes. Visual loss in 1 patient followed only by his local
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physician was attributed to senile macular changes of unspecified type.
All 5 patients with bilateral involvement had less than 20/200 vision
in both eyes within one year after onset of visual loss in the second eye.

Forty patients did not develop disciform detachment or degeneration
during the course of the study. Twenty-one patients had no loss in
acuity (decrease of more than one line of acuity) in either eye during
the study. Fourteen lost two lines of acuity associated with changes in
the appearance of the drusen in at least one eye. Four patients lost
more than two lines of acuity in at least one eye. This was associated
with confluence of drusen in 1 patient, immature cataract in 2 patients,
and corneal edema in 1 patient. One patient treated prophylactically
in one eye with the ruby laser maintained 20/25 vision in both eyes one
year after treatment. The only patient with 20/200 vision secondary to
cataracts on initial examination achieved 20/25 vision following cata-
ract extraction. Follow-up photographs in 7 patients followed for an
average period of three years showed no change in the macular region.
Seventeen patients followed for an average of five years showed an
increase in the number and size of the drusen in the macula (Figure 2).
There was fading or disappearance of some of the drusen in 5 patients
followed for an average of five years (Figure 3). Small areas of geo-
graphic atrophy of the pigment epithelium occurred in 5 patients fol-
lowed for an average of five years (Figure 4).

GROUP II. PATIENTS WITH DISCIFORM DETACHMENT

AND DEGENERATION IN ONE EYE

Initial Examination
Ninety-one patients, all Caucasian, had loss of central vision in one eye
(50 right eyes, and 41 left eyes) secondary to disciform macular de-
tachment or degeneration at the time of initial examination at the
BPEI. All had drusen in the macula of the opposite eye. Fifty-two were
female and 39 were male. The average age when first seen at the BPEI
was 67 years (range 49 to 82 years). Determination of the time of onset
of loss of central vision in the first eye was difficult in many patients.
The average age when loss of central vision was first discovered in the
first eye was 66 years (range 51 to 81 years). When seen initially at the
BPEI, the visual acuity in the affected eye was 20/200 or less in 51
patients, and was 20/40 or better in 20 patients. The visual acuity in the
opposite eye without detachment was 20/20 in 30 patients and 20/40
or better in all but 7 patients. Three of these latter patients had imma-
ture cataracts, 1 had a macular hole, 1 had an old central retinal artery
occlusion, and 2 had suppression amblyopia.
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Drusen and Macular Degeneration

FIGURE 2

Progressive development of drusen. A: August 1965. B: Same patient, December
1971.

FIGURE 3

Fading of drusen. A: October 1967; visual acuity 20/40. B: Same patient, December
1971; visual acuity 20/40.

Table 1 summarizes the findings in the symptomatic eye at the time
of initial examination. In 6 patients there was a small extrafoveal serous
detachment of the pigment epithelium underlying a serous detachment
of the retina that extended into the macula. Ten patients had large
serous detachments of the pigment epithelium underlying larger areas
of serous retinal detachment that extended into the central macular
area. Sixty-six of 91 eyes had various stages of serous and hemorrhagic
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FIGURE 4

Progression of geographic atrophy. A: November 1969; visual acuity 20/200. B: Same
patient, November 1971; visual acuity 20/200, despite enlargement of areas of

geographic atrophy.

FIGURE 5

Spontaneous resolution of small hemorrhagic disciform detachment. A: August 1964;
visual acuity 20/25. B: November 1971; visual acuity 20/40.

or cicatricial disciform detachment of the macula associated with neo-
vascular ingrowth from the choroid into the subpigment epithelial
space. Nine eyes had geographic atrophy of the pigment epithelium
involving the central macular area.
The drusen in the opposite eye of each of the 91 patients were

graded as follows: grade i - 30 patients; grade ii - 55 patients; and
grade m- 6 patients.
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Druisen atnd Aiacular Degleneration4

TABLE 1. STAGE OF DISCIFORM MACULAR DETACHMENT AND DE,GElNERATION IN
211 EYES OF 151 PATIENTS WNrHEN SEEN INITIALLY AT THE

BASCOMNI PALMER EYE INSTITUTE

Ntumber of eyes

GroupI) ii Groupil Ii

Small serotis detachnmeuit of pigmeut epithelium with
overlying serous retinial detachmenit 6 3
Large serous detachmlenit of pigment epithelium 10 13
Subpigment epithelial neovascular membrane (extrafoveal) 9 6
Subpigment epithelial neo-ascular membrane (foveal) 16 13
Hemorrhagic detachmlenit of the pigmenit epithelium 7 6
Hemiorrhagic detachmlenit of retinia secondary to extrafoveal
subpigmenit el)ithelial neovascular membrane 2 3
Partly or completely organized disciform scar o'2 60
Geographic atrophy of the pigmlent epithelium 9 14

TOTAL 91 120

Follow-tup Examination
These patients were followed for an average of four years after their
initial visit to the BPEI. Fifty-nine of the 91 patients had two or more
photographic studies. Thirty patients had photocoagulation in 32 eyes.
The visual acuity in the first eye at last examination was 20/200 or

less, secondary to late stages of disciform detachment and degenera-
tion in all but 18 eyes, and was 20/50 or better in only 10 eyes, 6 of
which had received photocoagulation. There was remarkable retention
of useful central vision in 2 eyes following spontaneous resolution of
subretinal blood derived from an extrafoveal area of neovascularization
(Figure 5). Two eyes with a small perifoveal macular disciform scar
retained 20/50 vision.

Thirty-one of the 91 patients developed loss of central vision in the
second eye secondary to disciform detachment and degeneration of the
macula. Six had grade i drusen, 24 had grade ii, and 1 had grade iII
drusen. The average age at the onset of visual loss in the second eye was
71 years (range 59 to 85 years). The average interval of time between
the discovery of visual loss in the first eye and the onset of loss in the
second eye was 3.7 years (range 0 to 10 years). Eighteen of the 31
patients had rapid and permanent loss of vision in the second eye
secondary to disciform detachment. In 28 eyes the visual acuity was
20/200 or less when last seeni. Two patients who received photocoagu-
lation for serous detaclhmiient of the pigmnent epitheliuimi aind retina had
resolution of their detachment and good acuity (20/30 and 20/25).
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The ophthalmoscopic and fluorescein angiographic studies done in
the second eye prior to development of detachment were of value in
predicting future macular detachment in only 2 patients. Both showed
prominent areas of fluorescein staining in the paracentral region where
no lesion was noted clinically. Both patients developed disciform de-
tachment of the macula within several months. Serial photography was
of value in predicting future visual trouble in those patients with geo-
graphic atrophy of the pigment epithelium. The site of the geographic
atrophy often began in the extrafoveal area and gradually enlarged
in a concentric fashion to spread into the macular area over a period
of many months.

Sixty patients with the average age of 70 years when last seen did not
develop macular detachment in the second eye. Thirty-eight patients
had multiple photographic studies. Thirty-six patients had no loss of
acuity (a decrease of more than one line in acuity). The remaining
patients lost from two to four lines of acuity (none less than 20/80)
during the study. Thirty-six patients had at least 20/30 or better, and
50 patients had 20/50 or better acuity. Only 8 patients had lost three or
four lines of acuity secondary to confluence of drusen (4 eyes), macular
hole (1 eye), and cataract (1 eye). Serial fundus photographs were
unavailable in 2 eyes.
Twenty of these eyes followed for an average of two years showed

no change in the size or pattern of macular drusen. Twelve eyes fol-
lowed for an average of over three years showed an increase in the
number and size of macular drusen. In 4 eyes followed for an average
of four years there was fading or partial disappearance of the drusen.
Over a four-year period 1 patient developed calcification of the drusen,
and 3 patients developed small localized areas of extrafoveal geo-
graphic atrophy of the pigment epithelium.
Twenty-three patients (average age 72 years) in group ii were legal-

ly blind (20/200 or less in both eyes) from disciform detachment or
degeneration when they were last seen. Only 2 of these were under 65
years of age.

GROUP III. PATIENTS WITH BILATERAL DISCIFORM

DETACHMENT AND DEGENERATION

Initial Examination
Sixty patients had disciform detachment or central geographic atrophy
of the pigment epithelium in both eyes at the time of initial exami-
nation at the BPEI. All were Caucasian. Thirty-one were male and 29
were female. Their average age was 70 years (range 54 to 86 years)
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Drusen and Macular Degeneration

when they were seen initially at the BP_I. The average age of onset of
discovery of visual loss in the first eye was 66 years (range 56 to 81
years). The right eye was affected first in 23 patients, and the left eye
first in 21 patients; 16 patients were uncertain as to which eye was
affected first. The average age of onset of loss of vision in the second
eye was 70 years (range 53 to 81 years). The average interval between
loss of central vision in the first eye and loss in the second eye was
approximately four years (range 0 to 18 years). The visual acuity
was 20/200 or less in 82 of the 120 eyes at the time of initial examination
at the BPEI; it was 20/40 or better in only 13 eyes.

In 88 eyes with serous and hemorrhagic or late cicatricial stages of
disciform detachment there was ophthalmoscopic and angiographic
evidence of neovascular ingrowth from the choroid through Bruch's
membrane into the subpigment epithelial space (Table 1). Blood or
fibrovascular tissue or both extended beneath the pigment epithelium
in the central macular area in 79 of the 88 eyes. In 9 eyes the blood and
fibrovascular tissue were confined to the extrafoveal area. In 3 of these
9 eyes blood in the subretinal space extended into the central macular
area. In only 18 eyes was there serous detachment of the pigment epi-
thelium and retina without ophthalmoscopic or angiographic evidence
of neovascular ingrowth through Bruch's membrane. In 10 eyes the
pigment epithelial detachment extended beneath the fovea. Fourteen
eyes had loss of central vision due to geographic atrophy of the pigment
epithelium. Geographic atrophy was bilateral in 4 patients and asso-
ciated with a disciform detachment in 6 patients.

Follow-up Examination
The average period of follow-up in these 60 patients was 3.3 years after
their initial visit to the BPEI. Forty-six patients had two or more fundus
photographic studies. Twenty-three eyes of 22 patients were treated
with photocoagulation. Twenty-six patients, including 9 treated with
photocoagulation, became legally blind (20/200 or less in both eyes)
within the first year after their initial visit. Forty-one patients (average
age 73 years), including 16 treated with photocoagulation, were legally
blind at their last examination. Only 5 legally blind patients were under
65 years of age. Only 9 patients in group iII retained 20/50 or better
vision in at least one eye.
The macular detachment resolved in 9 eyes, 7 of which had been

treated with photocoagulation. In only 5, however, was the acuity
20/50 or better. Four eyes of 3 patients with persistent serous detach-
ment of the pigment epithelium centrally maintained 20/40 or better
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acuity for an average period of almost two yecars. One patienit witlh geo-
graphic atrophy of the pigment epithelium mainitained 20/50 acuity.

OTIIER OCULAR FINDINGS

Approximately one-third of the 200 patients in this study had varying
degrees of a reticular pigmented network (referred to at the BPEI as

senile reticular pigmentary degeneration) in the equatorial area of the
fundus. It was often more evident nasally. When prominent, it was con-
fused by some observers with bone spicule pigment migration into the
retina. With the gonioprism it was noted that this peculiar pigment
change was located beneath the retina and was closely associated with
heavy drusen deposition. Figure 6 depicts these changes in a 75-year-
old man with only a few drusen in the macular area. This eye was
enucleated because of a malignant melanoma of the choroid. Micro-
scopic examination revealed heavy drusen deposits, and in some areas
focal collections of large pigment epithelial cells immediately adjacent
to the drusen. These cells are presumed to be the cause of the reticular
network noted ophthalmoscopically.
One patient with grade I macular drusen and many peripheral drusen

had a localized serous detachment of the pigment epithelium, three
disk diameters in size, at the equator temporally. It was initially diag-
nosed as a malignant melanoma of the choroid. During the past year I
have seen two other patients with macular drusen and similar peripheral
pigment epithelial detachments (one serous and one hemorrhagic)
who were misdiagnosed as having a choroidal melanoma in one case,
and a localized rhegmatogenous retinal detachment in the other.

GENERAL MEDICAL HISTORY

The great majority of these patients were in good health at the time of
onset of visual loss. Twenty per cent of the patients had a history of
hypertension of mild to moderate severity. Ten per cent had diabetes
which in most cases was managed with diet alone or oral hypoglycemic
medications. Only one had significant retinal microangiopathy, and that
was discovered only after fluorescein angiography. Approximately 20
per cent gave a past history of some cardiovascular disorder, myocardial
infarction being the most common. Other than appendectomy, chole-
cystectomy was the most common major operative procedure in this
group ( 10 per cent) .

In only a few instances was the patient able to relate the onset of
visual difficulty to his general health. Detachment of the macula
occurred in several patients during times of unusual mental stress. Four
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of pigment in the peripheral fuinduis. Fluorescein angiography; dark areas (ar-
rows) outline the suhbretinal pigmient. c: Photomicirograph showing muitltiple drusen;
hematoxvlin-eosin, x 100. D: Photomicrograph of large pigmient epithelial cells ad-

jacent to druisen; hematoxylin-eosin, X 250.

patients developed hemiorrhagic miacular detachm-enit while on anti-
coagulant therapy.

FAMIILY IIISTORY

Thirty-eight patients, eight in group iand 15 each in groups ii and ini,
gave a positive family history of similar macular disease in one or more
members of the family. Twenty-seven had one other family member
affected (14 mothers; 2 fathers; 7 sisters; 3 brothers, including 1 who
was an identical twin; and 1 miaternal uncle). Two female patients had



2 afflcte(l sistcrs. One fnialec patient lihad 5 affcctcd sisters (Figure 7).
A parcnt anl oine or more siblings Nwere affect-d in 5 cases. The mother
and father of one patient were affccted. Two sisters and a maternal
grandfather were involved in one family. A brother and sister were
involved in one family. I was able to confirm the familial history either
by examlination of the relative or by contacting the relative's ophthal-
mologist for 10 patients. The average age of the 38 patients with positive
family histories was 66 years when they were first examined at the BPEI.

FLECT11O-OCULOGIRAPHY AND ELECT,iO01E'TLNOGRAPHY

Thirty-seven patients in this study and 15 others seen in recent months
with macular drusen and disciform detachment were studied with
electro-oculography (EOG) and electroretinography (ERG).
Twenty-nine patients had normal EOGS and ERGS. Thirteen had

peripheral and macular drusen only. Three patients had grade i drusen,
7 patients had grade ii, and 3 patients had grade iii. Included in this
group was the youngest patient (29 years) in the study. She had
massive drusen depositioni throughout the fundus and peripapillary
region with relative sparing of the macula and paramacular areas. She
had a negative family history. Sixteen patients had disciform lesions of
various sizes and stages of developmenit in one or both eyes in addition
to drusen. Eight patients had senile reticular pigmentary changes in
the periphery. Eight patients had a history of one or more family mem-
bers who had lost central vision from macular degeneration. This was
confirmed in 3 cases. One of identical twin brothers each with grade I
drusen had a normal EOG and ERG.
Twelve patients had a normal ERG and a definitely abnormal EOG.

Four patients had grade ii drusen, 2 had grade iii drusen, and 6 had
various stages of disciform detachment in addition to drusen. Three of
these 10 patients had a positive family history of macular degeneration.
Two had senile reticular pigmentary changes in the periphery.

Eleven patients had abnormal EOG and ERG studies. Three patients
gave a positive family history. In 2 patients the studies were normal in

FIGURE 7 (opposite)
Five sisters with macular drusen. A: Right eye of sister 1, age 63; visual acuity 20/50.
i3: Left eye of sister 2, age 60, showing serous detachment of the pigment epithelium.
c: Left eve of sister 3, age 66. D: Left eye of sister 4, age 69; visual acuity 20/30.
E: Right eve of sister 5, age 63; visual acuity 20/200; note disciform scar (arrows)
and large area of geographic atrophy of pigment epithelium. F: Left eye of sister 5;
visuial acuiity 20/40; note smlall central pigmented disciforiml scar and papillary geo-

graphic atrophy of the pigment epitheliuim.

422 Ga.ss



Drusen and Macular Degeneration 423

B

0

F

A

c



one eye anid abnormal in the opposite eye. One of these patients had
an old central retinal veinl occlusion, and the other had a large disciform
detachment. One patient had bilateral vitreous hemorrhage complicat-
ing his macular disease. Two patients had generalized hypopigmenta-
tion of the pigment epithelium in addition to geographic atrophy of the
pigment epithelium in the macula. One patient had angiographic evi-
dence of diabetic microangiopathy. Five patients had no features to
distinguish them from those patients with normal electrophysiologic
studies.
The findings for three of the five sisters depicted in Figure 7 were as

follows: sister one (Figure 7A), normal EOG and ERG; sister two (Figure
7B), nlormal ERG and definitely abnormal EOG; sister five (Figure 7, E
and F), subnormal ERG in one eye and normal ERG in the other eye, and
abnormal EOG in both eyes.

RESULTS OF PHOTOCOAGULATION THERAPY

Fifty-six eyes of 53 patients (1 in group i, 30 in group II, and 22 in group
iII) were treated with one or more applications of xenon or ruby laser
photocoagulation. One patient was treated with argon laser. Two
patients with drusen had multiple small ruby laser burns scattered in
the extrafoveal area as a prophylactic measure to prevent detachment.
All other patients had treatment because of serous or hemorrhagic de-
tachment of the macula. Photocoagulation was done by a variety of
surgeons using different criteria and techniques for treatment. Forty-one
patients were treated by the author.

Stereo color photographs and stereo black and white angiographs
made prior to photocoagulation and stereo color photographs made
immediately following photocoagulation were available for review in
all but one patient who was treated elsewhere during the course of
this study.

Eight patients with serous retinal detachment in the macula secon-
dary to one or more small extrafoveal pigment epithelial detachments
were treated by ruby laser (or argon laser in 1 patient) application to
the area of pigment epithelial detachment. In 6 patients the retina was
reattached, and the acuity returned to levels ranging from 20/25 to
20/60 in 4 patients, with an average follow-up of 15 months (range 1
to 29 months). In 1 patient with a deeply amblyopic eye vision returned
to the predetachment acuity of 20/200. One patient recovered 20/30
vision for approximately ten months before redetachment occurred.
Four additional photocoagulationi treatmiienits resulted in reattachmeint
of the macula. Following retrobulbar anesthesia for the last treatnment,
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FIGURE 8

Collapse of serous detachment of the pigment epithelium following ruby laser photo-
coagulation. A: July 1970; drusen in area of detachment have faded; visual acuity
20/40. B: Angiography outlines area of pigment epithelial detachment. c: Multiple
applications of one degree ruby laser treatment to margins of the detachment. D:
One month later the detachment, as well as many of the drusen, have disappeared;

visual acuity 20/40.

however, she developed a retrobulbar hemorrhage and central retinal
artery obstruction. Her present vision is counting fingers only. Two of
the 8 patients developed ingrowth of new vessels into the macular area
and were left with counting fingers vision.

Thirteen eyes of 12 patients with large serous detachment of the
pigment epithelium extending beneath the fovea were treated with
ruby laser applications to the margin of the detachment (Figure 8), as
well as to several localized areas within the extrafoveal portion of the
pigment epithelial detachment. In 7 eyes the pigment epithelial detach-
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ment collapsed and the visual acuities returned to 20/30, 20/40, 20/40,
20/60, 20/100, and 20/200 (2 eyes) at the last follow-up examination,
which averaged 16 months following treatmenit. In 1 eye the serous de-
tachment of the pigment epithelium persisted, but was less elevated one
year after treatment. The acuity had not improved. Five patients de-
veloped organized disciform scars and counting fingers vision.
Seven patients with localized extrafoveal subpigment epithelial nco-

vascular membranes and serous detachment (6 eyes) and hemorrhagic
detachment (1 eye) of the retina extending into the central macular
area were treated with xenon (5 cases) and ruby laser (2 cases) photo-
coagulation directed to the site of the neovascular membrane (Figurc
9). Four patients had re-attachmcnt of the macula and 20/30 to 20/50
acuity on the average of 21 months (range 12 to 44 months) following
treatment. Three patients, including the 2 treated with the ruby laser,
developed disciform scars and loss of central vision.

Twenty-five patients had various stages of disciform detachment of
the macula in which there was clinical and angiographic evidence that
subpigment epithelial neovascularization extended either to withini
one-fourth disk diameter of or beneath the fovea. In many cyes treat-
ment was utilized only as a means of possibly reducing the size of the
central scotoma by destroying the new vessels in the central macular
area. Only 2 patients in this group achieved better than 20/200 visionl.
The treatment failed to reattach the macula in 24 patients. One patient
considered to be a "poor" candidate had resolution of the macular
detachment and 20/30 vision nine months after treatment.

DISCUSSION

Table 2 summarizes some of the clinical findings in this study. There
was no statistically significant difference in the involvement of male and
female. Only two patients in the study werc Negro; neither developed
disciform detachment of the macula. Six other Negro patients with
drusen have been seen at the BPEI, but all were lost to follow-up exam-
ination. Only one had disciform detachment of the macula. It is of
interest that disciform macular detachment from other causes, e.g.,
idiopathic central serous choroidopathy, the presumed ocular histo-
plasmosis syndromle, and Toxocara canis, is relatively rare in the Negro.
The question arises as to when macular drusen first appear. Little

information is available concerning so-called senile maacular drusen.
Pearce" studied 76 affected members in six families with dominantly
inherited drusen and found that they appeared first in the 20-to-30-year
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FIGURE 9
Resolution of subretinal hemorrhage following xenon coagulation of an extrafoveal
area of neovascularization. A: July 1970; visual acuity 20/70. B: Angiography indi-
cates site of small neovascular membrane (arrow). c: Xenon photocoagulation.

D: June 1971; visual acuity 20/40.

age group. Deutman7 found familial drusen in 12- and 14-year-old
patients. One 12-year-old patient with macular drusen was seen at the
BPEI but was not included in the study because of inadequate follow-up.
Few patients in the present study had had ophthalmoscopic examina-
tion earlier in life. One 71-year-old woman with grade iII drusen and
20/20 vision in both eyes had had marked drusen for at least 46 years.
She had no family history of macular drusen.
The results in this study and others6'7 reveal that gradual changes

do occur over a matter of years in the number, size, color, and distribu-
tion of the drusen in some patients. In general they increase in number
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Drusen a(m(i Alacular De(ceneration4

and size. Earlier in life the pigment content of the elevated pigment
epithelium is relatively normal and the drusen may be visible only
biomicroscopically using retro-illumination. Later, as the overlying pig-
ment epithelium becomes thinned and less pigmented the drusen
assume a yellowish and still later a whitish color. In later years they
may fade and disappear leaving only an irrcgular mottling of the pig-
ment epithelium in their wake. Visual acuity may not be affected
despite significant changes in appearance of the drusen. Once detach-
ment of the pigment epithelium and retina occurs the drusen in the
arca of detachment often disappcar. The fading of drusen and pigment-
mottling changes probably account for the fact that many early reports
of disciform lesions and seinile pigmentary degeneration of the macula
contained little or no mention of drusen. Although some patients with
macular drusen in this study experienced some visual loss in association
with changes in the drusen, none lost useful central vision. The presence
of varying degrees of mild nuclear sclerosis was responsible for some
of the minor visual loss noted in some patients. The incidence of
macular detachment and degeneration occurring in eyes with macular
drusen during the course of this study was three times greater in eyes
with grade ii than in eyes with grade i drusen. None of the five patients
with extensive peripheral and paramacular drusen and relative sparing
of the central macular area lost vision. Pearce6 found a good prognosis
in patients with dominantly inherited drusen that were confined to the
extramacular area.
The findings in this study demonstrated that significant loss of central

vision in patients with macular drusen is unlikely to occur prior to the
seventh decade, and that often there is a delay of at least three to four
years before loss of central vision occurs in the second eye. Approxi-
mately one-third of the patients seen initially with visual loss in one eye
developed macular detachment in the second eye during the course of
the study. Seventy-nine of the 96 patients who developed disciform
detachment and degeneration in the second eye were legally blind at
an average age of 73 years when last seen. No patient was legally blind
prior to age 58 years. While most of the patients who developed serous
or hemorrhagic detachment of the macula experienced rapid and pro-
gressive loss of vision, some, particularly those with serous detachment
of the pigment epithelium, maintained good acuity for a year or more.
In the 10 per cent of the patients with geographic atrophy in one or
both eyes visual loss typically progrcssed at a slower rate.

Friedman:1 studied 70 patients with senile disciform detachment
over a three-year period. The average age of onset of detachment was
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in the 60s (range 40 to 93 years). The detachment was bilateral in 14
patients and unilateral in 56 patients. Nine patients developed detach-
ment in the second eye during the study.
While generally it is safe to reassure the patient that he will retain

good peripheral vision, rarely he may lose, temporarily or permanently,
all or part of his peripheral vision. This may be secondary to acute
massive hemorrhagic detachment of the pigment epithelium and retina,
extension of blood into the vitreous, rhegmatogenous retinal detach-
ment precipitated by the vitreous blood, or chronic progressive exuda-
tive detachment of the pigment epithelium that spreads into the periph-
ery of the eye.37
Although it was my initial impression that few patients with drusen

and disciform detachment had a positive family history, more careful
questioning of the patient and investigation of the few relatives avail-
able during this study has revealed a significant incidence of familial
involvement. A positive family history of loss of central vision was
obtained in almost 20 per cent of the patients and was confirmed by
examination in 5 per cent of the patients. More intensive family investi-
gation of this group of patients is planned and should reveal a much
higher incidence of familial involvement, particularly in the patients'
asymptomatic siblings and older children.

I was unable to find any unusual features concerning the number,
size, shape or distribution of the drusen in the patients with a familial
history. The same was true for the appearance of the disciform macular
lesions. In their studies of families with dominantly inherited drusen
Pearce6 and Deutman et al.7 stated that the finding of drusen nasal to
the optic disk could be considered virtually pathognomonic for familial
drusen and would serve as an important finding to distinguish these
patients from those with senile drusen. If examined with the slit-lamp,
most patients with macular degeneration and disciform detachment, in
my experience, have drusen nasally as well as throughout the fundus.
These extramacular drusen are often smaller and are more difficult to
visualize because of less loss of pigmcnt from the pigment epithelium
overlying the drusen. Pearce6 and Deutman et al.7 described the onset
of loss of central vision as usually occurring late in life and progressing
rapidly in inherited drusen. Loss of vision was accompanied in their
patients by coalescence of the drusen, thinning and atrophy of the
retina, and atrophy and pigmentation of the choroid. While they did
not describe elevated lesions indicative of disciform detachment and
scarring, the fundus photographs in the report by Pearce" suggest that
they were present.
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Farkas andcl coNvorkerslshavehav(prc(sittl Cvidencc that druseni forma-
tion is a pathologic autolysis of the retinal pigment epitheliumll initiated
by lysosomal breakdown. On the basis of ain electrophysiologic, histo-
logic, electroin mllicroscopic study of two eyes, one with presumed
familial drusen and the other with presumed senile drusen, Farkas
et al.39 postulated that patients with familial drusen have a widespread
pigment epithelial abnormality probably present since birth, in contrast
to patients with senile drusen in which the pigment epithelial abnor-
mality is acquired in later life, and is localized in only certain areas.
They believe that electrophysiologic studies can differentiate between
familial and other drusen. Deutman,7 however, found the EOG and ERG
abnormal only in advanced cases of familial drusen. The ERG and EOG
findings in the present study were normal in over one-half of 52 patients,
including 14 patients with a positive family history. They further dem-
onstrated that extensive subretinal or intraretinal bleeding secondary
to the disciform detachment and unrecognized diabetic or other occlu-
sive retinal vascular disease mlay be responsible for abnormal EOG and
ERG findings in some patients. It is doubtful, therefore, if the EOG and
ERG findings are of value in distinguishing dominantly inherited drusen
from senile drusen, if indeed there are any differences.
Two questions served as the primary stimulus for the present study:

(1) Is photocoagulation more effective than observation alone in
causing resolution of macular detachmient in these patients? (2) Is the
frequency of macular detachment in patients with macular drusen suf-
ficiently great to warrant the use of multiple small evenly spaced burns
in the macula as a prophylactic measure to prevent macular detach-
ment?27'29 In answer to the first question, the results of photocoagula-
tion once detachment has occurred have been partly, although not
completely, discouraging. The author's indication for treatment, the
techniques for treatment, the importance of preoperative photographic
and angiographic evaluation, and preliminary results of treating
patients with a variety of mlacular lesions including disciform detach-
ment secondary to drusen have been recently reported.27'29 Patients
with two types of lesions appear to have favorable response to xenon
photocoagulation. The patient with localized extrafoveal pigment epi-
thelial detachment underlying a large area of serous retinal detach-
ment that extends into the macular area is the most favorable candidate
for treatment. Patients with a small extrafoveal area of neovascular
ingrowth beneath the pigment epithelium are also favorable candi-
dates, if the neovascular membrane does not extend angiographically
to within one-fourth of a disk diaimieter of the fovea. While some large
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pigmiient epithelial detachmiients extending beneath thle fovea have
flattened after ruby laser photocoagulation to the mlargini of the detaclh-
ment, the results have been varial)le, and followVing successful collapse
the visual acuity has not always improved. Furthermore 7 patients
with serous detachment of the pigment epithelium one to two disk
diameters in size have been followed without treatment and have
maintained good visual acuity for periods of up to two years. The use of
photocoagulation to treat lesions in which the subpigmcnt epithelial
neovascular membrane extends near or bcneath the fovea is probably
a fruitless exercise, and at times may destroy unnecessarily some of
the paramacular retina. Jepson et al.24 and Cleasby et al.28 have re-
ported some success with extensive photocoagulation of advanced
hemorrhagic and exudative disciform lesions. In a series of 89 patients
at least one of which had idiopathic central serous choroidopathy, only
7 patients had better than 20/200 vision one year after treatment.24
Few patients appreciate the results of photocoagulation if they are
unable to see better than 20/200 following treatment. In retrospect, in
this study at the BPEI only 10 per cent of the 151 patients with disciform
detachment and degeneration in 211 eyes were potentially good candi-
dates for photocoagulation. This uncontrolled study does not provide
the answer as to the value of photocoagulation in disciform macular
detachment in patients with drusen. Patients with the most favorable
lesions for treatment are also the most favorable candidates for spon-
taneous resolution and recovery of vision. Until a larger controlled
study is done, we are left with only our clinical impressions that photo-
coagulation has helped to sustain central vision in some patients.

Admitting that the answer to the first question has not been settled,
then perhaps it is unrealistic to consider the second question of prophy-
lactic treatment. While this study has confirmed the general impression
that patients with macular drusen are prime candidates for macular
detachment and degeneration, it has also demonstrated that mainy of
them do well for long periods of time, even after they have developed
detachment in the first eye. Until we have had more experience with
the treatment of symptomatic patients, I do not believe prophylactic
treatment is advisable. It is hoped that the argon laser and other
modalities of photocoagulation and improved techniques of angio-
graphy will improve our results. Meanwhile it is iimportant to cncourage
patients with macular drusen to report promptly should they develop
visual symptoms, since the best chance for therapy should come from
early detection. Periodic stereo fundus photographs are helpful in
following the course of the disease. Fluorescein angiograplhy is prob-
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ably necessary only wvhen the patient develops newr symiiptomis, or wenl
a chanige in the appearance of the fundus occurs.
One may ask, does the developnment of geograplhic atrophy of the

pigment epithelium, rather than serous or heimiorrhagic detachment of
the pigment epithelium and retina, signify some basic difference in the
disease in patients with drusen? In most patients I do not believe that
it does. While geographic atrophy may be bilateral, it also occurs
frequently in association with disciform detachment in the opposite
eye. In a few instances I have seen geographic atrophy result from
collapse of a serous detachment of the pigment epithelium.35 In most
patients, however, it appears to develop after fading of the drusen. In
one eye of a patient with drusen and geographic atrophy histopatho-
logic examination revealed atrophy of the choriocapillaris similar to
that found beneath many disciform lesions.35 The relationship between
these patients and those with dominantly inherited central areolar
choroidal sclerosis is also not clear. I have reserved the latter term to
refer to cases in which members of a family developed mottled loss of
pigment epithelial pigment in the macula in young adulthood and, in
the absence of drusen, begin to lose central vision secondary to geo-
graphic atrophy of the pigment epithelium usually in the third to fifth
decade of life.35
While biomicroscopy, stereo fundus photography, and fluorescein

angiography have provided us with considerable information concern-
ing the gross anatomical changes and some of the physiologic changes
in these patients, there are many unanswered questions concerning the
pathogenesis of drusen and disciform detachment. Recent work has
continued to incriminate the pigment epithelium,0'39'43'44 Bruch's
membrane, 40,41 and choroidal vessels,15'31'42 but has not provided the
final answer as to which is the primary tissue involved. While some
reports favoring a retinal etiology for senile macular degeneration
continue to appear,45,46they do not provide convincing evidence.

SUMMARY

The clinical findings and course of 200 patients with macular drusen,
followed for an average period of almost four years, are presented. The
presence of drusen alone did not account for significant loss of central
vision. Loss of useful central vision in these patients was caused either
by serous or hemorrhagic detachmiient of the pigment epithelium and
retina, or less often by geographic atrophy of the pigment epithelium
and retina. The average age of onset of loss of central vision in the first
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eye was 66 years (range 51 to 81 years). The average age of onset of
loss of central vision in the second eye was 70 years (range 59 to 85
years). Of 49 patients who initially had bilateral drusen 20 per cent
developed loss of central vision in one eye, and 10 per cent in both eyes
during an average follow-up period of almost four years. Approximately
35 per cent of 91 patients seen initially with loss of central vision in one
eye developed loss of vision in the second eye during an average follow-
up period of almost four years. Thirty-five per cent of the 200 patients
developed 20/200 vision or less in both eyes at an average age of 73
years. None were legally blind (20/200 or less in both eyes) prior to
58 years of age. Approximately 20 per cent of the patients had a posi-
tive family history for macular degeneration. The EOG and ERG findings
were normal in 50 per cent of the 52 patients, including 13 with a posi-
tive family history.
No clinical, fluorescein angiographic, or electrophysiologic criteria

were found to differentiate patients with familial from those with so-
called senile drusen. Probably all have the same autosomal dominant
heredodegenerative disease which rarely causes significant loss of
central vision prior to the sixth and seventh decades of life.

Fifty-three patients were treated with photocoagulation. The value
of photocoagulation in these patients is still unknown.
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