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Abstract

Purpose The aim of this study is to image and describe the
in vivo choroidal changes in various retinal dystrophies
using the technique of enhanced depth imaging (EDI)
optical coherence tomography (OCT) and to correlate these
findings with the clinical appearance. Associations between
choroidal change and genotype, visual acuity and results of
retinal electrophysiology are also explored.

Design Retrospective observational case series.

Methods Twenty patients attending the medical retina
clinics at Moorfields Eye Hospital underwent EDI OCT
choroidal scans as part of the scanning protocol when
they underwent OCT imaging with the Spectralis HRA
and OCT. The choroidal images were obtained by
moving the Spectralis camera close enough to obtain an
inverted image of the retina. The scans were read by two
experienced OCT readers assessing the choroidal thick-
ness as well as the choroidal contour for focal areas of
choroidal thinning corresponding to the areas of RPE/
outer retinal atrophy. The spectrum of patients included
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those with Stargardt macular dystrophy, macular dystro-
phies secondary to known mutations such as peripherin/
RDS, uncharacterised macular dystrophies, Best disease,
bifocal chorioretinal atrophy, Bietti crystalline retinal
dystrophy and choroideraemia.

Results The choroidal appearance was symmetrical in all
patients who had both eyes scanned. Ten patients showed no
choroidal thinning, five had focal mild to moderate choroidal
thinning, three had focal severe choroidal thinning, and two
patients had diffuse severe choroidal thinning. There was no
association between choroidal thinning and visual acuity
[Fisher’s exact test, p=0.350 (right eye), p=1.000 (left eye)],
or extent of retinal dysfunction on electrophysiology (Fish-
er’s exact test, p=1.000).

Conclusion Enhanced depth imaging using spectral domain
OCT can be used to identify choroidal changes in inherited
retinal disease. The pattern of choroidal change correlates
well with the clinical appearance. It appears that the extent
and pattern of choroidal thinning is dependent on the stage
of the disease in some cases, and in others the causative
gene defect.

Keywords Optical coherence tomography -
Enhanced depth imaging - Choroid - Retinal dystrophy -
Inherited retinal disease

Introduction

Inherited retinal disorders primarily affect the outer retina
and retinal pigment epithelium (RPE), resulting in eventual
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Fig. 1 a EDI OCT of the
choroid in a normal eye. The
outer choroidal contour demar-
cated by the white arrows has a
smooth convex contour. The
choroid is thickest in the sub-
foveal region. b The graph
depicts a plot of choroidal
thickness across the full length
of the OCT section, plotted
using manual segmentation lines
of the proprietary software. The
vertical black line in the graph
shows the subfoveal choroidal
thickness in the location of the
white arrowhead in a to be 317
microns
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photoreceptor and RPE cell death. In the late stage of
disease, RPE and photoreceptor cell death may be associ-
ated with variable loss of the underlying choriocapillaris,
visible clinically as a well-defined area of chorioretinal
atrophy [1]. Several histopathological studies have con-
firmed loss of photoreceptors, RPE and choriocapillaris
localised to this area of clinically apparent atrophy [2—4]. In
other inherited retinal dystrophies, however, a more diffuse
process of choroidal atrophy occurs [5, 6].

The mechanism of choriocapillaris atrophy is unclear,
but appears to be related to RPE cell death. In animal
models, loss of the RPE results in subsequent atrophy of the
choriocapillaris [7, 8]. RPE-derived vascular endothelial
growth factor (VEGF) is essential for the maintenance of
the choriocapillaris [9], and it is plausible that reduced
levels of VEGF following RPE cell death lead to
choriocapillaris atrophy.

Despite extensive clinicopathological descriptions of
the RPE and neuroretinal changes in inherited retinal
disease [10—12], there is virtually no similar analysis of
the corresponding in vivo choroidal changes. Reliable
techniques for in vivo choroidal imaging are now
available [13—15]. Enhanced depth imaging (EDI) is a
technique employed to image the choroid by moving the
Spectralis spectral domain optical coherence tomography
(OCT) device closer to the eye such that an inverted image
is obtained [13, 14]. This places the deeper structures
closer to zero delay from the Fourier transformation,
hence the acquired images have an improved ability to
visualise the choroid, allowing the thickness and contour
of the choroid to be assessed. The appearance of the
choroid on EDI OCT in normal eyes is that of a smooth
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outer contour convex in shape, and thickest in the
subfoveal or parafoveal region [13]. An example of this
is shown in Fig. 1.

The aim of this study is to image and describe the in
vivo choroidal changes in various retinal dystrophies
using the technique of EDI OCT, and to correlate these
findings with the clinical appearance. The symmetry
between eyes and possible associations with genotype,
visual acuity, and electrophysiological findings are also
examined.

Methods

This study is a retrospective observational case series
approved by the research governance committee at Moor-
fields Eye Hospital. The scans of 20 patients attending the
medical retina clinics at the hospital who underwent EDI
OCT choroidal scans with the Spectralis HRA and OCT
(Heidelberg Engineering, Heidelberg, Germany) as part of
the scanning protocol were retrospectively reviewed. These
patients attended clinics between March and November
2009. Three groups of patients were selected based on the
clinical appearance:

1) patients with mottled outer retinal and retinal pigment
epithelial atrophy

2) patients with discrete outer retinal, RPE and chorioca-
pillaris atrophy

3) patients with diffuse chorioretinal atrophy.

Eighteen patients had both eyes scanned; two patients
who had previously had complex retinal surgery involving
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Table 1 Summary of the choroidal changes, clinical features and diagnoses of patients scanned
Patient  Age Clinical Diagnosis Phenotype Generalised retinal EDI OCT choroid thinning VAR VAL
Number (years) (Genotype if known) dysfunction on yes/no (Extent of choroid thinning)
electrophysiology
1 58 Sargardt disease Mottled outer retinal/RPE NO NO 6/12  6/60
(ABCA4) atrophy with flecks
2 22 Stargardt disease Mottled outer retinal/RPE NO NO 6/60  6/60
(ABCA4) atrophy with flecks
(Fig. 2)
3 33 Stargardt disease Mottled outer retinal/RPE NO NO 6/18  6/18
(ABCA4) atrophy with flecks
4 50 Macular dystrophy Mottled outer retinal/RPE NO NO 6/60  6/60
atrophy
5 21 Macular dystrophy Mottled outer retinal/RPE Not Performed NO 6/12  6/12
atrophy
6 44 Macular dystrophy Mottled outer retinal/RPE NO NO 6/60 6/18
atrophy
7 28 Macular dystrophy Mottled outer retinal/RPE YES NO (thick choroid) HM HM
atrophy
8 13 Rod/cone dystrophy Mottled outer retinal/RPE YES NO 3/60  3/60
(MERTK) atrophy
9 59 Rod/cone Dystrophy Mottled outer retinal/RPE YES NO 6/18  6/18
atrophy
10 12 Best disease Vitelliruptive stage NO NO 6/24  6/18
11 53 Stargardt disease Discrete outer retinal/RPE & YES YES (focal mild-moderate thinning) 6/12 HM
(ABCA4) choriocapillaris atrophy
12 34 Stargardt disease Discrete outer retinal RPE & YES YES (focal mild-moderate thinning) 4/60  4/60
(ABCA4) choriocapillaris atrophy
13%* 49 Macular dystrophy Discrete outer retinal/RPE & NO YES (focal mild-moderate thinning) 3/60 HM
(peripherin RDS R172W) choriocapillaris atrophy
14 62 Macular dystrophy Discrete outer retinal/RPE & NO YES (focal mild-moderate thinning) 6/18  6/12
choriocapillaris atrophy
(Fig. 3)
15 71 Macular dystrophy Discrete outer retinal/RPE & NO YES (focal mild-moderate thinning) CF 6/18
choriocapillaris atrophy
16 43 Macular dystrophy Focal CRA involving Not performed YES (focal severe thinning) 6/60  6/36
medium-sized choroidal
vessels
17 46 Stargardt disease Focal CRA involving NO YES (focal severe thinning) 6/60  6/9
(clinical diagnosis) medium-sized choroidal
vessels
(Fig. 4)
18%* 35 Bifocal chorioretinal Focal CRA involving Not Performed YES (focal severe thinning) LP 6/60
atrophy medium-sized choroidal
vessels
19 52 Bietti’s Diffuse CRA involving Not Performed YES (diffuse severe thinning) HM  6/24
medium-sized choroidal
vessels
(Fig. 5)
20 18 Choroideraemia Diffuse CRA involving Not Performed YES (diffuse severe thinning) 6/18  6/6

medium-sized choroidal
vessels

EDI OCT — enhanced depth imaging optical coherence tomography

RPE — retinal pigment epithelium

CRA — chorioretinal atrophy
VAR - Visual acuity right eye
VAL — Visual acuity left eye
LP — light Perception

HM — Hand Movement

* Only one eye scanned due to silicone oil filled fellow eye from previous retinal surgery.
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Fig. 2 a (patient 2) Autofluor-
escence imaging of the right
macula in a patient with Star-
gardt macular dystrophy show-
ing mottled outer retinal and
RPE atrophy with flecks. There
is speckled hyperfluorescence
centrally with a surrounding ring
of hyperfluorescence. b
Corresponding EDI OCT cho-
roidal scan of the region demar-
cated by the /ine in a shows no
areas of focal choroidal thin-
ning. The white arrows delin-
eate the external choroidal
margins. The black arrows de-
marcate the zone of outer retinal
atrophy centrally. Similar
changes were observed in the
other eye. ¢ The graph depicts
the plot of choroidal thickness
across the full length of the OCT
section, plotted using manual
segmentation lines of the pro-
prietary software. The vertical
black line in the graph shows
the subfoveal choroidal thick-
ness in the location of the white
arrowhead in b to be 380
microns

0
3
=1

800
600
400
200

Thickness [pm]

200 urn

0.0 10

the use of silicone oil in one eye had scanning data only for
the fellow eye.

The scans were read by two experienced OCT readers and
the outer choroidal contour identified. Steps in the choroidal
contour representing focal areas of thinning were recorded,
and in cases of focal choroidal thinning, two measurements of
choroidal thickness were made with the manual calipers
provided by the planimetric software of the proprietary device.
The first measurement was of the choroidal thickness in the
area of focal thinning, and the second measurement was of the
choroidal thickness in the adjacent area of thicker (normal)
choroid. In eyes where there was no focal area of thinning in
the choroidal contour, measurements of the subfoveal
choroidal thickness were made.

The absence or presence of choroidal thinning was
correlated with the clinical appearance of the infrared fundus
photographs captured simultaneously with the choroidal
tomograms. The symmetry of the choroidal changes between
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the two eyes was assessed. Genotype, visual acuity, and
results of retinal electrophysiology were also reviewed.

Statistical methods

The difference in choroidal thickness measurements be-
tween the two eyes was compared using the paired #-test
and the relationship between visual acuity, extent of
electrophysiological changes and presence of choroidal
thinning was analysed using the Fisher’s exact test.

Results

A summary of the choroidal changes, clinical features and

diagnoses of the patients scanned is provided in Table 1.
In ten patients, there was no evidence on EDI OCT of any

choroidal thinning under the area where the maculopathy was
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Fig. 3 a (patient 14) Uncharac-
terised macular dystrophy with
discrete patches of outer retinal
and RPE atrophy at the right
macula. Similar changes were
observed in the left eye. b The
EDI OCT choroidal scan shows
focal mild choroidal thinning
visible under the area of cho-
rioretinal atrophy. The white
arrowheads delineate the zone
of outer retinal atrophy. ¢ The
graph depicts a plot of choroidal
thickness across the full length
of the OCT section, plotted
using manual segmentation lines
of the proprietary device. The
choroidal thickness in the region
of focal choroidal thinning
measured 220 microns com-
pared with 247 microns in the
region of the adjacent thicker
choroid, as indicated by the
vertical black lines in Fig. 3¢
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evident, relative to the adjacent choroid in non-affected areas.
Nine of these patients had the phenotype of mottled outer
retinal and RPE atrophy with no clinically evident choroidal
atrophy. Of these, three had Stargardt macular dystrophy, four
had uncharacterised macular dystrophies and two had rod
cone dystrophy, one of which was due to an MERTK
mutation. The three patients with Stargardt macular dystro-
phy had early stage disease, with the clinical picture of
mottled outer retinal and RPE atrophy with flecks (Fig. 2,
patient 2), whilst the four patients with uncharacterised
macular dystrophy had the clinical appearance of mottled
outer retinal and RPE atrophy without flecks. One patient
with an uncharacterised macular dystrophy had markedly
thickened choroid measuring 545 and 523 microns in the
right and left eye respectively on EDI (patient 7.). The
remaining patient had Best disease in the vitelliruptive stage.

Five patients had focal areas of mild to moderate
choroidal thinning on EDI OCT, which corresponded

with the clinically visible areas of discrete outer retinal,
RPE and choriocapillaris atrophy. Of these five patients,
two had Stargardt macular dystrophy in the later stage of
disease, one had a macular dystrophy secondary to the
peripherin/RDS (R172W) mutation, and two had unchar-
acterised macular dystrophies (Fig. 3, patient 14). The
degree of thinning in three of these cases of focal thinning
was estimated to be between 10% and 15% of the adjacent
choroidal thickness.

Three patients had focal areas of severe choroidal
thinning under the area of dystrophy relative to the adjacent
choroid. The clinical appearance was that of focal chorior-
etinal atrophy involving the medium-sized choroidal ves-
sels. Of these three patients, one had macular atrophy
associated with Stargardt disease (Fig. 4, patient 17), one
had progressive bifocal chorioretinal atrophy, and one
patient had an uncharacterised macular dystrophy with an
excavated chorioretinal pigmented scar.
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Fig. 4 a (patient 17) Infrared
photograph of the left macula in
a patient with late-stage Star-
gardt disease showing a discrete
area of marked chorioretinal
atrophy involving the medium-
sized choroidal vessels. Sym-
metrical changes were observed
in the right eye. b The vertical
EDI OCT section through the
subfoveal choroid shows focal
severe choroidal thinning. The
yellow arrowed line shows that
the large choroidal vessel visible
on the infrared photo is visible
on EDI OCT as a large vacuole.
¢ Magnified view of the choroi-
dal section with arrows delin-
eating the choroidal margins.
The choroidal thickness between
the black arrows was 70
microns and 209 microns be-
tween the white arrows. The
white arrowhead points to the
start of the zone of outer retinal
atrophy. d The graph depicts a
plot of choroidal thickness
across the full length of the OCT
section, plotted using manual
segmentation lines of the pro-
prietary device. The vertical
black lines in the graph show
the choroidal thicknesses mea-
sured at the locations of the
black and white arrows in ¢
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The patients with Bietti crystalline retinal dystrophy
(Fig. 5, patient 19) and choroideraemia both had diffuse
severe choroidal thinning with the subfoveal choroidal
thickness measuring less than 100 microns in each eye.

The mean (standard deviation) subfoveal choroidal
thickness in patients with no choroidal thinning was 317
(89) microns and 312 (86) microns in the right and left
eyes respectively (Table 2). The difference in the
subfoveal choroidal thicknesses between the two eyes
was not statistically significant (paired #-test, p=0.07). In
eyes where there was focal mild—moderate or severe
choroidal thinning, the change in choroidal thickness
between the region of focal thinning and the adjacent
thicker (normal) choroid was symmetrical between the
two eyes (Table 2). In these eyes, the difference between

@ Springer

20 3.0 4.0 50 6.0 7.0 8.0
Position [mm]

eyes was not statistically significant when comparing the
regions of focal choroidal thinning (paired z-test, p=0.39)
as well as the regions of adjacent thicker (normal) choroid
(paired #-test, p=0.40).

There was no association between choroidal thinning
and visual acuity [Fisher’s exact test, p=0.350 (right eye),
p=1.000 (left eye)]or extent of retinal dysfunction on
electrophysiology (Fisher’s exact test, p=1.000) (Tables 3
& 4 in Appendix)

Discussion

EDI OCT of the choroid in the various retinal dystrophies
imaged in this study demonstrates that the choroid can be
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Fig. 5 a (patient 19) Color
fundus photograph of the left
eye in a patient with Bietti
crystalline retinal dystrophy
showing widespread RPE atro-
phy and hyper-reflective crys-
tals. b The corresponding EDI
OCT choroidal scan shows dif-
fuse severe choroidal thinning
(choroidal margins are delineat-
ed by arrows). The subfoveal
choroidal thickness was mea-
sured to be 60 microns. ¢ The
graph depicts a plot of choroidal
thickness across the full length
of the OCT section, plotted
using manual segmentation lines
of the proprietary device. The
vertical black line in the graph
shows the subfoveal choroidal
thickness in Fig. 5b to be 60
microns

variably affected. We observed four main patterns of choroidal
involvement:

1) No choroidal involvement apparent whereby the outer
choroidal contour is smooth without any steps repre-
senting areas of focal thinning (Fig. 2).

2) Focal mild to moderate choroidal thinning under the
area of clinically apparent discrete outer retinal, RPE
and choriocapillaris atrophy (Fig 3). We defined focal
mild to moderate choroidal thinning as choroidal
thinning of up to 50% when compared to adjacent
thicker normal choroid.

3) Focal severe choroidal thinning under the area of
clinically apparent focal chorioretinal atrophy involv-
ing the medium-sized choroidal vessels (Fig. 4) defined
as choroidal thinning of greater than 50% when
compared to adjacent thicker normal choroid.

4) Diffuse choroidal thinning (Fig. 5) defined as a smooth
outer choroidal contour with the subfoveal choroidal
thickness measuring less than 135 microns, 135
microns being 2 standard deviations from the mean

20 30 40 50 6.0 70 80 9.0
Posttion [mm)

choroidal thickness in normal subjects as described by
Margolis and Spaide [13].

We observed that eyes with the clinical appearance of
mottled RPE and outer retinal atrophy showed no choroidal
thinning on the choroidal scans. The mean (SD) subfoveal
choroidal thicknesses in these eyes were 317(89) and 312 (86)
microns in the right and left eyes respectively. The subfoveal
choroidal thickness in these eyes could be considered within
the normal range, given two recent studies which found the
mean (SD) subfoveal choroidal thickness in normal eyes to be
287 (76)[13] and 354 (111) microns[16].

Of the ten cases which showed no evidence of choroidal
thinning on EDI OCT, three patients had Stargardt macular
dystrophy where there were flecks at the macula and
mottled outer retinal and RPE atrophy (Fig. 2), and four
other patients had uncharacterised macular dystrophies with
a similar appearance but without the flecks.

Conversely, in eyes with the clinical appearance of
discrete, well-circumscribed areas of chorioretinal atrophy,
there was a corresponding focal area of choroidal thinning
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Table 2 The first half of the table shows the subfoveal choroidal thickness
in patients with no choroidal thinning or severe diffuse choroidal thinning.
The paired #test for difference in subfoveal choroidal thickness between
the two eyes was not statistically significant (»=0.07). The second half of
the table shows the choroidal thickness in area of focal thinning versus

choroidal thickness of adjacent thicker ‘normal’ choroid, for patients with
focal mild-moderate and focal severe choroidal thinning. The paired #-test
for difference between eyes was not statistically significant when
comparing the regions of focal choroidal thinning (p=0.39) as well as
the regions of adjacent thicker ‘normal’ choroid (p=0.40)

Patients with no Patient ~ Subfoveal choroidal thickness (microns) (right eye) ~ Subfoveal choroidal thickness (microns) (left eye)
choroidal thinning number
1 275 268
2 373 380
3 301 291
4 279 280
5 263 271
6 293 288
7 545 523
8 338 325
9 227 210
10 279 284
Mean (SD) 317 (89) 312 (86)
Patients with diffuse Patient ~ Subfoveal choroidal thickness (microns): right eye  Subfoveal choroidal thickness (microns): left eye
severe choroidal number
thinning
19 71 60
20 97 94
Mean 84 77
Patients with focal Patient ~ Choroidal thickness in Choroidal thickness in ~ Choroidal thickness in ~ Choroidal thickness in
mild-moderate cho-  number region of focal adjacent thicker region of focal adjacent thicker (normal)
roidal thinning thinning (right eye) (normal) choroid thinning (left eye) choroid (left eye)
(right eye)
11 81 160 125 223
12 160 187 148 173
13 * 236 263 - -
14 220 247 173 194
15 191 269 185 235
Patients with focal Patient ~ Choroidal thickness in Choroidal thickness in ~ Choroidal thickness in ~ Choroidal thickness in
severe choroidal number region of focal adjacent thicker region of focal adjacent thicker (normal)
thinning thinning (right eye) (normal) choroid thinning (left eye) choroid
(right eye) (left eye)
16 96 248 88 248
17 119 274 70 209
18%* - - 131 380
Mean (SD) 146 (55) 231 (47) 132 (46) 214 (28)

* Patients 13 and 18 were not included in analysis of correlation between eyes due to only one eye being scanned.

SD = standard deviation

on EDI OCT. The extent of focal choroidal thinning varied
from mild—-moderate to severe. Two patients in the late
stages of Stargardt macular dystrophy and three patients
with non-Stargardt macular dystrophy, had clinically
apparent areas of discrete outer retinal, RPE and chorioca-
pillaris atrophy at the macula all of whom had focal mild to
moderate thinning of the choroid on EDI OCT under the
area of outer retinal and RPE atrophy (Fig. 3).

@ Springer

In keeping with this observation, focal severe choroidal
thinning was detected on EDI OCT in three patients under the
area of discrete chorioretinal atrophy which clinically
involved the medium-sized choroidal vessels (Fig. 4). Cho-
roidal imaging showed marked thinning of the choroid, with
only a residual layer of large choroidal vessels remaining
under the area of atrophy suggesting that there is loss of both
choriocapillaris and medium-sized choroidal vessels.
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The pattern of choroidal change was found to be
symmetrical between the two eyes in all patients. This is
consistent with the fact that retinal dystrophies are known
to affect both eyes in symmetrical fashion.

It is unclear what the observed area of focal choroidal
thinning on EDI OCT corresponds to anatomically, given
that the resolution afforded by EDI OCT of the choroid
is insufficient to resolve the choriocapillaris. One
histological study has estimated choriocapillaris thickness
to be between 6.5 to 9.8 microns and choroidal thickness
to be between 84 and 193 microns [17]. The chorioca-
pillaris should therefore range between 5 and 10 % of total
choroidal thickness. High-resolution OCT imaging of the
choroid by Povazay et al. has shown the choriocapillaris to
represent approximately 10% of choroidal thickness [15].
In Fig. 3, the choroid appears thinner in the area of
chorioretinal atrophy by up to 10% when compared with
the adjacent choroid, with preservation of the larger
choroidal vessels.

It is therefore possible, that the mild focal choroidal
thinning under the area of chorioretinal atrophy in some
cases represents choriocapillaris atrophy whilst moderate
focal choroidal thinning represents an extension of this
atrophic process to involve the medium sized choroidal
vessels. Severe focal thinning on the other hand, may
represent loss, or failure of development of the choroidal
vasculature as is the case of patient 18 who had
progressive bifocal chorioretinal atrophy. Bifocal chorior-
etinal atrophy is an autosomal dominant macular dystro-
phy linked to chromosome 6q where marked
chorioretinal atrophy resembling staphylomas develop at
an early age [18].

Factors related to the primary genetic mutation are likely
to play a role regarding the extent and pattern of choroidal
atrophy present in certain dystrophies such as Bietti
crystalline retinal dystrophy and choroideraemia which are
progressive, clinically involve the choroid, and ultimately
result in severe visual loss [5, 6, 19]. These patients in our
study had severely thinned choroids, measuring less than
100 microns in each eye (Fig. 5). Although there is
relatively little normative data available for normal in vivo
choroidal thickness, Margolis and Spaide reported the
average subfoveal choroidal thickness in 30 normal
subjects to be 287 (standard deviation £+ 76) microns [13].
A subfoveal choroidal thickness measurement of 100
microns would therefore lie more than 2 standard devia-
tions outside this range, and therefore might be regarded as
being pathologically thinned. In contrast, the two patients
with generalised rod/cone dystrophy did not show any
evidence of choroidal thinning.

Although genetic factors play a role in determining
the degree of choroidal atrophy present in some
dystrophies, our study shows that the stage of disease

is also likely to be an important variable. Our patients
with Stargardt macular dystrophy showed choroidal
involvement, varying from no involvement to focal
severe thinning. The pathogenesis of Stargardt disease
involves the abnormal deposition of lipofuscin in the
RPE followed by RPE degeneration and finally photore-
ceptor cell death [20]. It is likely that choriocapillaris
atrophy occurs at a late stage of this disease process when
there is significant RPE cell loss [1]. Significantly, RPE
cell death in animal models of disease leads to secondary
choriocapillaris atrophy [7-9]. Further longitudinal studies
of choroidal imaging in patients with known genetic
mutations are needed to clarify the relative roles of genetic
factors and non-specific RPE cell death in the pathogen-
esis of choroidal thinning.

In our study, there was no relationship between choroidal
thinning and visual acuity, or extent of retinal dysfunction
on electrophysiology. To demonstrate an association be-
tween choroidal change and these parameters, a larger
population of one disease entity may be required. Never-
theless, this study provides a novel classification of the in
vivo choroidal changes in inherited retinal disease, setting a
framework for future investigation.

Conclusion

Enhanced depth imaging using spectral domain OCT can be
used to identify choroidal changes in inherited retinal disease.
The pattern of choroidal change correlates well with the
clinical appearance and is also symmetrical between eyes. It
appears that the extent and pattern of choroidal thinning is
dependent on the stage of the disease in some cases, and in
others the causative gene defect. Focal mild to moderate
choroidal thinning may represent choriocapillaris atrophy
secondary to RPE cell death, whereas more severe thinning
could be due to genetic factors causing atrophy of the larger-
sized choroidal vessels.

Acknowledgments We would like to acknowledge Ms Genevieve
Wright (genetics co-ordinator) and Ms Sophie Devery (genetics
counsellor), Moorfields Eye Hospital for their help in obtaining
molecular diagnoses of the patients from the database.

Funding NIHR Biomedical Research Centre, Moorfields Eye
Hospital and UCL Institute of Ophthalmology

Financial Disclosures The Authors report no financial interests in
the Spectralis HRA and OCT device used to obtain choroidal scans in
the study

Study Approval The study was approved by the Moorfields Eye
Hospital Clinical Governance Committee (Approval Number:
YEOHJ1002)

@ Springer



1728

Graefes Arch Clin Exp Ophthalmol (2010) 248:1719-1728

Appendix

Table 3 Relationship between visual acuity and choroidal change on

EDI OCT for both right and left eyes

N=19

P=0.350

Visual acuity

(right eye)
6/60 or better

Visual acuity
(right eye)
Less than 6/60

No choroidal thinning

Focal mild—moderate
choroidal thinning

Focal severe choroidal
thining

Diffuse severe choroidal
thinning

Total

N=19

P=1.000

No choroidal thinning

Focal mild—moderate
choroidal thinning

Focal severe choroidal
thining

Diffuse severe choroidal
thinning

Total

1

13

Visual acuity
(left eye)
6/60 or better

Visual acuity
(left eye)

Less than 6/60

Table 4 Relationship between extent of retinal dysfunction on

electrophysiology and choroidal change on EDI OCT.

N=15, p=1.000 Generalised Macular
dysfunction (five dysfunction
patients) only (ten

patients)

No choroidal thinning 3 6

Focal mild-moderate choroi- 2 3

dal thinning

Focal severe choroidal 0 1

thining

Diffuse severe choroidal 0 0

thinning

Total 5 10
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