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Age-Related Choroidal Atrophy
RICHARD F. SPAIDE
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PURPOSE: To report the clinical characteristics of a
ewly defined entity, age-related choroidal atrophy.
DESIGN: Retrospective, observational case series.
METHODS: The choroidal thickness was measured in

mages obtained by positioning a spectral-domain optical
oherence tomography device close enough to the eye to
cquire an inverted image. Seven sections each comprised
f 100 averaged scans were obtained within a 5 �
5-degree or larger rectangle to encompass the macula
nd temporal juxtapapillary retina. The choroidal thick-
ess of patients less than 125 �m in thickness were

ncluded, whereas eyes with myopia of 6 diopters or
ore, a history of uveitis, trauma, ionizing radiation,
hotodynamic therapy, intravitreal corticosteroid injec-
ion, or tapetoretinal dystrophy were excluded. The
atients were evaluated for visual acuity, macular appear-
nce, and the presence of glaucoma.
RESULTS: There were 28 eligible eyes of 17 patients
ith a mean age 80.6 years (standard deviation, � 7.3
ears). All eyes had a tessellated fundus appearance. The
ean subfoveal choroidal thickness was 69.8 �m and
ecame even more attenuated nasally. Of the 18 eyes that
ad no evidence of late age-related macular degeneration
AMD), the mean visual acuity was 20/40, there were
igmentary changes in the macula that arose in part from
he choroid potentially mimicking early AMD, and a
arefaction of the choroidal vessels under the macula.
oncurrent late AMD was found in the 10 remaining

yes. Glaucoma was present in 6 patients (35.3%), all of
hom had peripapillary atrophy. The choroid was seen to
ecome nearly obliterated before the demarcation of the
-zone of peripapillary atrophy.
CONCLUSIONS: Age-related choroidal atrophy affects

lder individuals in whom posterior pole abnormalities
evelop that may mimic and also be associated with
ndings typical for AMD. Patients with age-related
horoidal atrophy may be at higher risk for glaucoma.
Am J Ophthalmol 2009;xx:xxx. © 2009 by Elsevier
nc. All rights reserved.)
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GE-RELATED MACULAR DEGENERATION (AMD) IS A

leading cause of vision loss in not only developed,
but also in developing countries.1–4 The initial

anifestations of the condition, drusen, focal hyperpig-
entation, and focal hypopigmentation, are elements

efining the category early AMD. These findings precede
he development of more visually significant forms of the
isease, either geographic atrophy or choroidal neovascu-
arization (CNV), which are categorized as late AMD.5

ssessment of eyes for features of AMD is carried out
ither by clinical examination or evaluation of fundus
hotographs. Formal studies depend on protocol evalua-
ion of fundus photographs, and the protocols used are
tructured reproducible methods based, in part, on what
appens during careful clinical examination. The features
nd the methods used to grade them intend to classify and
iscriminate accurately levels of severity of AMD plus
ther concurrent factors or diseases. The chosen features
xpected for AMD and the confounding conditions are
ased on established concepts of the pathophysiologic
eatures of disease. For example, disturbances of the retinal
igment epithelium (RPE) occur commonly in AMD, and
hese disturbances, according to the Wisconsin Age-Re-
ated Maculopathy Grading System,5,6 a widely used pro-
ocol method of evaluating fundus photographs, can “lead
o deposition of granules or clumps of pigment in or
eneath the retina.” The pigmentation grading system has
he implied assumption that pigmentary changes are at-
ributable to disturbances of the RPE.6

The retina, particularly the photoreceptor layer, has a
ery high metabolic demand for oxygen, which is supplied
y the underlying choroid, a structure with one of the
ighest blood flow per gram of tissue in the body.7 The
horoid is located behind the RPE and also is pigmented.
he pigmentation generally impedes visualization of the

ull-thickness of the choroid by ophthalmoscopy, fundus
hotography, fluorescein angiography (FA), or conven-
ional optical coherence tomography (OCT). As such, the
horoid is not frequently mentioned as participating in
ision loss except for being the source of CNV. Recently,
method to obtain enhanced depth imaging (EDI) spec-

ral-domain OCT has been developed that enables the
ross-sectional structure and thickness of the choroid to be
valuated.8 EDI OCT was used to examine healthy eyes
ith no visual problems attributable to the macula, and

he choroid thickness was found to decrease approximately
6 �m per decade of life.9 The thinnest subfoveal choroi-
al thickness measured among that series of 54 eyes was

59 �m. However, because EDI OCT became available, a
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ARTICLE IN PRESS
ubset of patients who were considered to have AMD and
ho had reported visual symptoms were found to have

emarkably small choroidal thicknesses. Many of the eyes
ventually were found to have no significant macular or
PE problems, although others were found to have con-
urrent geographic atrophy and CNV. Because the finding
f the markedly thin choroid was found in elderly people
ith visual symptoms that occurred relatively recently over

he course of their lives, this finding was thought to be
cquired; as such the entity was termed age-related choroidal
trophy. The purpose of this study was to determine the
eatures of age-related choroidal atrophy by cataloguing
he findings of a series of eyes with this condition.

METHODS

HIS WAS A RETROSPECTIVE STUDY OF PATIENTS WHO

nderwent EDI OCT of the choroid in a private referral
etinal practice during a 10-week period ending in August
008. The method of obtaining EDI OCT images has been
eported previously, as have the nomographic data. Con-
entional spectral-domain OCT has limitations in imaging
eeper structures in the fundus because of depth-depen-
ent sensitivity decay related to decreasing sensitivity and
esolution with increasing displacement from zero-delay,
iminished maximal dynamic range inherent in perform-
ng the Fourier transform after analog-to-digital conver-
ion, and wavelength-dependent light scattering and signal
oss in the image path. EDI OCT is performed by placing
he instrument close enough to the eye to obtain an
nverted image. This image is averaged for 100 scans,
hich in this study was obtained using the Heidelberg
pectralis (Heidelberg Engineering GmbH, Heidelberg,
ermany) because of its automatic averaging and eye

racking features. Seven sections, each comprised of the
00 averaged scans, was obtained in a 5 � 30-degree rec-
angle encompassing the macula and optic nerve or a

� 15-degree rectangle centered on the macula.8 The
esultant images were viewed and measured with the
ontained Heidelberg Eye Explorer software (version
.5.12.0; Heidelberg Engineering). The subfoveal choroid
as measured from the outer portion of the hyperreflective

ine corresponding to the RPE to the inner surface of the
clera. In eyes with CNV, the subfoveal choroidal thick-
ess was measured between the Bruch membrane, which
as visible in all such cases, and the inner portion of the

clera. The appearance of the choroid over the full-length
f the scan was inspected as well.
In a previous study of the choroidal thickness, the mean

ubfoveal choroidal thickness was 287 �m � a standard
eviation of 75.7 �m.9 Two standard deviations less than
he mean is 135.6 �m. However, the subfoveal choroidal
hickness was found to decrease with age, so an arbitrary
imit of 125 �m was chosen for the purposes of this study

o be certain the eyes were quite different than what would A

AMERICAN JOURNAL OF
e obtained from random sampling of a normal population.
atients were included in this study if at least 1 eye had a
horoidal thickness of less than 125 �m. For the purposes
f illustration, the images were reinverted in Photoshop
Photoshop CS3; Adobe Systems Inc, San Jose, California,
SA). The patients were evaluated with a comprehensive

phthalmoscopic examination including best-corrected
nellen visual acuity (VA) measurement, fundus photog-
aphy, and fluorescein and indocyanine green angiography,
s indicated. Patients were excluded if they had any
revious photodynamic therapy, intravitreal corticoster-
id injection, history of myopia of more than 6 diopters
pherical equivalent, amblyopia, proliferative retinopa-
hies of any type, epiretinal membrane that caused distor-
ion of the central macula, history of retinal detachment
RD), uveitis, tapetoretinal dystrophy, ocular trauma,
cular tumor, ionizing radiation, submacular surgery,
ranspupillary thermotherapy, focal laser, angioid streaks,
se of any systemic or ocular corticosteroids, central serous
horioretinopathy, or any retinovascular abnormalities.
he eyes were classified as having late AMD if they had

igns of CNV or central geographic atrophy. Eyes with late
MD were entered into the dataset only if they had
ew-onset disease or if the fellow eye had no late AMD
nd a choroidal thickness of less than 125 �m. Peripapil-
ary atrophy was graded as per the method outlined by
onas and associates.10 (Peripapillary atrophy had been
eferred to as parapapillary atrophy in earlier publica-
ions.10–15) Peripapillary atrophy was considered to be
resent only if there was a �-zone of atrophy, which was
hought to represent full-thickness atrophy of the RPE and
horoid.15 VAs were converted to logarithm of the mini-
um angle of resolution (logMAR) units before to any

alculations.

RESULTS

HERE WERE 17 PATIENTS WITH A MEAN AGE 80.6 YEARS

� 7.3 years). Of the potential 34 eyes, 6 were excluded
ecause of past photodynamic therapy to the macula,
mblyopia, trauma, or history of RD repair. A diagnosis of
laucoma was present in 6 patients (35.3%). The mean
A in the total group of eyes was 20/53 (logMAR units,
.42; right eye, 20/63; left eye, 20/46). The findings of eyes
ith age-related choroidal atrophy with no signs of late

IGURE 1. Enhanced depth imaging (EDI) optical coherence
omographic (OCT) scan of a normal eye.
MD at presentation will be reported separately from

OPHTHALMOLOGY MONTH 2009
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hose eyes that did. Some patients had 1 eye in each group.
igure 1 shows a normal eye for sake of comparison.

AGE-RELATED CHOROIDAL ATROPHY WITH NO SIGNS

F LATE AGE-RELATED MACULAR DEGENERATION:

here were 18 eyes among 13 patients with a mean age of
9.7 years; of these, 5 patients (38.5%) had at least 1 eye
iagnosed with glaucoma. Peripapillary atrophy was seen
n 13 eyes (72.2%), reticular pseudodrusen in 12 eyes
66.7%), and glaucoma in 6 eyes (33.3%). No eye had
laucoma without having peripapillary atrophy. The mean
A was 20/40 (logMAR units, 0.3; right eye, 20/36; left

ye, 20/43). All patients had a tessellated appearance of
he peripheral fundus. In the macular region, patients had
types of pigmentary change. The first type seemed to be

n extension of the tessellated fundus appearance into the
entral macular region with varying amounts of pigment
oss. The larger choroidal vessels were seen with polygonal
atches of intervening pigment, which in some eyes was
een to be diminished. The second was a pigmentary
lumping deep to the retina (Figure 2). Because the
horoidal thickness was seen to be attenuated and areas of
hat looked like sclera were visible under the pigment.
iven the EDI OCT findings of severe choroidal thickness

iminution, it was not possible to be sure if the pigmentary

IGURE 2. Images showing age-related choroidal atrophy with
isual acuity (VA). (Top left) Fundus photograph showin
igmentation and the paucity of visible choroidal vessels, partic
ight) Fundus autofluorescence photograph showing no signific
hotograph showing reticular pseudodrusen. The arrow shows t
t is difficult to visualize, particularly on the right side of the sc
erve. The subfoveal choroidal thickness was 15 �m.
hanges were entirely at the level of the RPE or also f

AGE-RELATED CHOROOL. XX, NO. X
riginated from the choroid. The autofluorescence photo-
raphs in all these patients showed no focal defects
uggestive of RPE atrophy or absence in the posterior pole.
he EDI OCT findings in both pigmentary phenotypes
ere marked reduction in the thickness of the choroid
nder the central fovea and particularly nasal to the fovea.
he juxtapapillary choroid approaching and particularly
ithin the �-zone of the peripapillary atrophy was so thin

t was not possible to measure it accurately. The choroidal
hickness did not show a sharp change in thickness at the
emarcation of the �-zone of peripapillary atrophy. Medium-
ized choroidal vessels were seen sporadically, and these
essels occupied the full-thickness of the choroid. Each eye
ad areas in which the larger choroidal vessels either were
heathed or had no visible blood column.

Case 1. An 85-year-old man was referred because of a
hronic RD in the left eye despite numerous reattachment
rocedures. He had numerous visual symptoms in the right
ye and had a VA of 20/30. In the right eye, there was
epigmentation of the fundus with large choroidal vessels
eing easily visible and intervening areas where no pig-
ent was seen (Figure 3). The patient had peripapillary

trophy despite being emmetropic. There was nerve pallor
nd violation of the inferior-superior-nasal-temporal rule

lar pigmentation changes in a patient with 20/60 best-corrected
cal hyperpigmentation with rarefaction of the intervening
y in the region between the macula and optic nerve head. (Top
defect. (Bottom left) Infrared scanning laser ophthalmoscopic
ction illustrated in (Bottom right). The choroid is so thin that
hich corresponds to the region between the macula and optic
macu
g fo
ularl
ant
he se
an, w
or normal rim thickness.16 The nerve fiber layer thickness

IDAL ATROPHY 3
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s measured using the Stratus OCT (Humphrey Meditec,
ew Dublin, California, USA) was less than 1 percentile

nferiorly. He was found to have a superior arcuate visual
eld defect. His mean intraocular pressure (IOP) measure-
ent was 14 mm Hg and highest recorded IOP was 17 mm
g. The patient had a choroidal thickness of 74 �m.

Case 2. An 85-year-old man reported blindness at
resentation. He said he had difficulty functioning outside
n bright daylight, he had a very hard time reading, and he
ould not see well in dim environments. He had a
ong-term history of hypertension and a 70 pack-year
moking history. He lost his right eye to trauma at an early
ge and had a diagnosis of glaucoma in the remaining eye
Figure 4). The VA in the remaining eye was 20/80.
hreshold visual field testing showed a shallow depression

n the central field, no arcuate defects, nor nasal step
efects. The macula showed pigmentary disturbance with
ocal areas of pigmentation and depigmentation. There
ere a few small-diameter choroidal vessels visible through

he pigmentation. The optic nerve was pallorous, had
hinning of the neural rim, and was surrounded by peri-
apillary atrophy. The fundus autofluorescence was rela-
ively intact. The patient was seen to have reticular
seudodrusen by infrared scanning laser ophthalmoscopy.
he EDI OCT showed the subfoveal choroid to be 45 �m

IGURE 3. Images showing age-related choroidal atrophy with u
n the fellow eye. (Top left) Fundus photograph showing very little
learly delineated, although there is pigment between the vessel
emporal rule concerning the thickness of the optic nerve rim. (To
xpected fluorescence from the retinal pigment epithelium (RPE)
nferiorly. (Bottom right) OCT scan showing a subfoveal choroida
EMP � temporal.
hick. g

AMERICAN JOURNAL OF
AGE-RELATED CHOROIDAL ATROPHY WITH SIGNS OF

ATE AGE-RELATED MACULAR DEGENERATION: There
ere 10 eyes in 8 patients with a mean age of 83.3 years.
he mean VA was 20/89 (logMAR units, 0.65; right eye,
0/152; left eye, 20/54). The eyes developing CNV in
etrospect seemed to require infrequent injections of anti-
ascular endothelial agents to maintain a stable macular
ppearance (Figure 5).

Case 3. A 90-year-old woman had new-onset CNV in
he left eye with a VA of 20/30 and long-standing CNV in
he fellow eye. She had 2 small dots of hemorrhage and
reas of focal hyperpigmentation in the macula (Figure 6).
A showed subtle leakage from occult CNV. The patient
ad reticular pseudodrusen seen during infrared scanning

aser ophthalmoscopy. EDI OCT showed no subretinal
uid, intraretinal edema, or evidence of cystoid changes
ithin the macula. The choroidal thickness was 64 �m
nder the fovea, was attenuated nasally, and was extremely
hin in the area of peripapillary atrophy.

Case 4. An 85-year-old woman had a history of what
phthalmoscopically looked like geographic atrophy (Fig-
re 7). This began with small areas of noncentral geo-
raphic atrophy associated with pigmentary changes. Over

2-year follow-up, she was seen to have increasing

nosed glaucoma in an 85-year-old man with a retinal detachment
le choroidal pigment above the larger choroidal vessels, which are

was 20/30. Note the violation of the inferior-superior-nasal-
t) Fundus autofluorescence photograph showing no defects in the
ttom left) Graph showing decreased nerve fiber layer thickness

kness of 74 �m. INF � inferior; NAS � nasal; SUP � superior;
ndiag
visib

s. VA
p righ
. (Bo
l thic
eographic atrophy that abutted the central fovea. She was

OPHTHALMOLOGY MONTH 2009
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ever seen to have any signs of exudation during follow-
p. However, the FA pattern was not entirely consistent
ith simple geographic atrophy in that there was a subtle

egion of late staining outside of the areas of atrophy, and
he atrophic regions themselves were not uniformly hyper-
uorescent. She was seen to have reticular pseudodrusen
utside of the macular region. Although EDI OCT showed
markedly thin choroid outside of the central macula,

nder the central macula the patient had an accumulation
f hyperreflective material between the line attributed to
he RPE and the one consistent with the Bruch mem-

IGURE 4. Images showing age-related choroidal atrophy wit
hotograph from the patient, who had 20/80 best-corrected V
agnification fundus photograph showing the macula with fo

arefaction. Note the paucity of visible choroidal vessels. (Midd
ith thinning of the rim (black arrow) and only a few visible ch

Middle right) Fundus autofluorescence photograph showing a
PE layer. (Bottom left) Infrared scanning laser ophthalmosc
seudodrusen in the posterior pole. (Bottom right) EDI OCT
ubfoveal choroidal thickness was 45 �m.
rane. The patient never had soft drusen. The possibil- s

AGE-RELATED CHOROOL. XX, NO. X
ty that the eye had an inactive form of occult CNV
ould not be ruled out.

DISCUSSION

N THIS STUDY, ELDERLY PATIENTS WITH DECREASED CHO-

oidal thicknesses had pigmentary changes and a paucity of
isible choroidal vessels. The recent onset of their visual

sociated macular and optic nerve changes. (Top left) Fundus
d a diagnosis of low-tension glaucoma. (Top right) A higher
reas of hyperpigmentation with intervening areas of pigment
t) Fundus photograph showing the optic nerve with disc pallor
al vessels in the �-zone of parapapillary atrophy (white arrow).
tively preserved autofluorescence profile, indicating an intact
image showing the enlarged optic nerve cupping and reticular
e showing the choroid to be very thin (open arrowheads); the
h as
A an
cal a
le lef
oroid

rela
opic
imag
ymptoms as compared with their age and the knowledge
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hat choroidal thickness seems to decrease with increasing
ge suggests that the thinness of the choroid was an
cquired disorder. The loss of choroidal thickness was
ssociated with loss of visible vessels, implying that age-
elated choroidal atrophy is a manifestation of small-vessel
isease affecting the choroid. The proportion of patients in
he present study group having glaucoma seems to be
igher than similarly aged historical controls.17–20 Some
yes showed associated late AMD as well.

The supposition that choroidal vascular disease could
ause vision problems is not new. The appearance of
ascular sheathing or obliteration of the choroidal vascular
hannels has been called senile choroidal sclerosis.21 His-
opathologic study of these patients found profound atro-
hy of the choroid with loss of small and medium vessels to
he point that the Bruch membrane immediately was
ontiguous with the sclera in areas and the remaining
arger vessels of the choroid occupied the full-thickness of

IGURE 5. Images showing choroidal neovascularization (CN
hotograph from a 79-year-old female patient had CNV diagno
uorescein angiographic (FA) findings of occult CNV. She r
omplete resolution of her exudative manifestations. She had a d
hickening at the level of the RPE and a subfoveal choroidal
hotograph from an 82-year-old female patient with had a dia
f no signs of exudation, never underwent treatment. Eight mon
ho was treated with intravitreal bevacizumab. Note the lack

ubfoveal choroidal thickness was 85 �m. The VA was 20/40
he remaining choroid in others.21 There was a loss of the t

AMERICAN JOURNAL OF
xpected pigmented cells in the choroid with clumping of
reserved pigmented cells in various regions in the cho-
oid. Histopathologic study of reticular pseudodrusen
howed loss of the inner and middle layers of the choroid.22

he finding of fundus tessellation (also known as a tigroid
undus) in this series of patients may have been the result
f choroidal atrophy with baring of larger vessels, which
rdinarily are deep in the choroid. The patients in the
resent study had pigmentary abnormalities in the macular
egion, thus suggesting the diagnosis of AMD. The retina
nd RPE are derived from the same progenitor cells, and
pecific deterioration in structure and function in this
issue is termed age-related macular degeneration. The
horoid is derived from different embryologic precursors.
n age-related choroidal atrophy, the macular function
s undoubtedly decreased, but the primary abnormality
ppears to be in the choroid.

The proportion of patients with glaucoma was higher

n eyes with age-related choroidal atrophy. (Top left) Fundus
2 years previously when she had a subretinal hemorrhage and
ed 1 injection of intravitreal bevacizumab and experienced a
sis of glaucoma. (Top right) EDI OCT image showing minimal

kness of 49 �m. The VA was 20/30. (Bottom left) Fundus
is of occult CNV made by FA years previously, but because
previously, subretinal bleeding finally developed in the patient,
isible scarring. (Bottom right) EDI OCT image showing the
V) i
sed

eceiv
iagno
thic

gnos
ths
of v

.

han that seen in similarly aged groups of patients in
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arge population studies.17–20 The high prevalence of
laucoma may represent sampling variation given the
mall number of eyes, but there are anatomic features
hat may offer a potential explanation for the associa-
ion. The blood supply to the prelaminar portion of the
ptic nerve is derived in part from the choroid.23 The
resence of peripapillary atrophy is highly associated
ith the diagnosis of glaucoma, particularly low-tension
laucoma.13–16 Glaucoma does not cause peripapillary
trophy24,25; optic nerve damage does not lead to
eripapillary atrophy, either.26,27 The size of peripapil-
ary atrophy has been correlated spatially with the area
f neuroretinal rim loss in glaucoma. Curiously, the
resence of peripapillary atrophy was found to be asso-
iated with the tessellated fundus appearance.28 It is
ossible that optic nerve perfusion is influenced by a
arge number of factors, including IOP and the avail-
bility of blood supply. Eyes with choroidal atrophy to
he point of peripapillary atrophy formation are likely to
ave profound decreases in the choroidal contribution
f blood supply to the prelaminar optic nerve. It is also
ossible that patients with marked choroidal thinning
lso have concurrent small-vessel disease to the prel-
minar optic nerve arising from other sources. To the
xtent that optic nerve perfusion influences the devel-
pment of glaucomatous damage, it is likely that pa-
ients with age-related choroidal atrophy have lesser

IGURE 6. Images showing age-related choroidal atrophy with
eft eye. (Top left) Fundus photograph showing 2 small hemorr
nfrared scanning laser ophthalmoscopic image showing reticu
entral macula that do not seem to correspond to any feature
howing an elevation of the RPE centrally and a thin choroid.
mounts of perfusion than do people with normal i

AGE-RELATED CHOROOL. XX, NO. X
horoidal configurations. Glaucoma has been associated
ith choroidal sclerosis and (given the age of the
ublication) was termed senile sclerotic glaucoma.29 The
resent method of EDI OCT measurement of the
horoidal thickness offers the possibility of objective
uantification of the choroid and its relationship to
laucoma.

A large number of visual problems appear in older
eople, some of which seem difficult to explain.30 Cer-
ainly optical problems can cause decreased acuity, but
one of the patients in this study had significant cataracts.
ge is associated with a decrease in the number of rods

resent in the retina, but not the number of cones, which
re responsible for central vision.31 The mean acuity in the
ge-related choroidal atrophy eyes without any signs of late
MD was 20/40. Although several had glaucoma, none of

he patients had absolute scotomata, particularly none
ear fixation. One potential cause for the observed de-
rease in acuity, and reported visual function, was the
bserved atrophy of the choroid in these patients. De-
reased VA secondary to CNV was seen in the affected
atients in this study. The curious finding in Case 4 as
llustrated in Figure 7 was the presence of areas of geo-
raphic atrophy associated with a plaque of hyperreflective
aterial under the RPE that seemed to be consistent with
relatively inactive from of CNV. This material is not

ikely to have been accumulations from basal linear depos-

V in a 90-year-old female patient with new-onset CNV in the
(arrows). (Top right) FA showing occult CNV. (Bottom left)

seudodrusen in the posterior pole and reflective figures in the
ble in the color photograph. (Bottom right) EDI OCT image
CN
hages
lar p
visi
t32 or the like, because the patient was never seen to have

IDAL ATROPHY 7
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IGURE 7. Images showing age-related choroidal atrophy with geographic atrophy and probable CNV in an 85-year-old female with a
acular scar in the fellow eye from long-standing CNV. (Top left) Fundus photograph obtained 2 years before the EDI OCT scan

howing that the patient had focal hyperpigmentation and small areas of noncentral geographic atrophy. There appeared to be a paucity
f choroidal vessels in the macular region. (Top right) Fundus photograph obtained 2 years later showing more areas of geographic
trophy, but the patient retained 20/40 VA. She was never seen to have large soft drusen or any evidence of CNV. Note that the lack
f large choroidal vessels evident through the apparent areas of geographic atrophy. (Second row left) Late-phase FA showing transmission
efects associated with some of the areas appearing to be geographic atrophy. Note that there is a relative hypofluorescence of 1 region
arrow) as compared with the other areas and that the region inferonasal to the atrophic areas shows a subtle increase in fluorescence.
Second row right) Infrared scanning laser ophthalmoscopic image showing the zones of what appear to be geographic atrophy and reticular
seudodrusen supertemporally. (Third row) EDI OCT image of the central macula through the fovea showing a layer of hyperreflective
aterial between the boundary of the outer retina (top arrowhead) and the Bruch membrane (bottom arrowhead). Note the underlying

horoid is thin with the choroidal thickness at the centerline of the arrowheads of 78 �m. (Bottom row) EDI OCT image taken well
nferior to the geographic atrophy showing a thin choroid.
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oft drusen. There are likely many causes of CNV in AMD,
ut Grossniklaus and Green postulated that for some
atients, decreases in the ability of the choroid to deliver
xygen and other metabolites to the retina may lead to the
rowth of the neovascular tissue that “recapitulates the
hroiocapillaris [sic] and, theoretically, provides nutrients
nd oxygen to an ischemic RPE/outer retina that is
xpressing vascular endothelial growth factor.”33

There are numerous weaknesses of the present study. It
as a retrospective study examining a relatively small
umber of patients using a new imaging technique in a
etinal referral practice. Therefore, no estimates of the
revalence of this condition can be made from this study.
owever, the findings using a noninvasive method mir-

ored those of reported histopathologic cases of autopsy

yes, similar information cannot be obtained by alternate o

eye. Am J Ophthalmol. Forthcoming.
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eans of imaging, and the cases were obtained in a short
ime frame. The cut-off used for choroidal thickness,
amely 125 �m, was derived in part from examining the
horoidal thicknesses of normal people, and does not
epresent an absolute demarcation. It is likely that decreas-
ng choroidal thickness could represent an increasing risk
or retinal and optic nerve pathologic features, and values
f choroidal thickness larger than what have been exam-
ned in this study may portend some increase in risk. The
ut-off in the present study was chosen to isolate a pure
orm of age-related choroidal atrophy and its associated
ndings. There are many subsequent studies that are
ndicated, including the choroidal thickness in patients
ith glaucoma, particularly low-tension glaucoma, geo-
raphic atrophy, and CNV, and the response to treatment

f these diseases.
HIS STUDY WAS SUPPORTED IN PART BY THE LUESTHER T. MERTZ RETINAL RESEARCH CENTER, MANHATTAN EYE, EAR, AND
hroat Hospital, New York, New York. Dr Spaide is a consultant to Topcon Inc, Paramus, New Jersey; Heidelberg Engineering, Heidelberg, Germany;
nd GlaxoSmithKline, Philadelphia, Pennsylvania. There are applicable royalty agreements with Topcon Inc, and the Dutch Ophthalmic Research
enter, Zuidland, Holland. Research funding for other studies supplied by Genentech Inc, South San Francisco, California. Institutional Review Board

IRB) approval was obtained through Western IRB, Olympia, Washington. This study was compliant with the Health Insurance Portability and
ccountability Act.
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