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Purrosk. To assess the accuracy of automated classification of
pigment epithelial detachments (PED) by using a software
algorithm applied to spectral-domain optical coherence tomog-
raphy (SD-OCT) scans.

MEetHODS. HD-OCT (Cirrus; Carl Zeiss Meditec, Dublin, CA)
volume scans (512 X 128) were retrospectively collected from
46 eyes of 33 patients with evidence of PED in the setting of
age-related macular degeneration (AMD, n = 28) or central
serous chorioretinopathy (CSCR, # = 5). In these eyes, 168
PEDs were automatically detected with a system-associated
tool (Cirrus HD-OCT RPE Elevation Analysis; Carl Zeiss Med-
itec). Two independent, certified Doheny Image Reading Cen-
ter (DIRC) OCT graders classified these PEDs into three cate-
gories—serous, drusenoid, or fibrovascular—via inspection of
the B-scans. Manual classification results served as the gold
standard for comparisons with automated classification. For
automated classification, interindividual variation in intensities
was normalized in all images. Individual A-scans within the
detected PEDs were then automatically classified into one of
three categories based on the mean internal intensity and the
standard deviation of the internal intensity: mean intensity <30
(serous type); mean intensity =30 but <60 or mean intensity
=30 and SD =30 (fibrovascular type); or mean intensity =60
and SD < 30 (drusenoid type). Individual PEDs were then
automatically classified into the same three categories based on
the predominant type of A-scan within the PED. For mixed
PEDs (many A-scans of each type), a risk index for neovascu-
larization was computed based on the percentage of fibrovas-
cular A-scans. In addition, a confidence index was computed
for each PED based on its mathematical distance from the PED
category boundaries.

ResuLts. Among the 168 PEDs, the DIRC graders classified 16 as
serous, 88 as fibrovascular, and 64 as drusenoid PEDs. The
automated algorithm classified 14 as serous, 96 as fibrovascu-
lar, and 58 as drusenoid PEDs. The sensitivity and specificity
values for automated classification according to type of PED
were 88% and 100% for serous, 76% and 64% for fibrovascular,
and 58% and 81% for drusenoid, respectively.
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Concrusions. Automated classification of PEDs using internal
reflectivity characteristics appears to be sensitive for detecting
serous and fibrovascular PEDs. Automated classification and
quantification of PEDs may be a useful tool in future studies for
stratifying PEDs according to risk and possibly predicting the
risk of advanced AMD. (Invest Ophthalmol Vis Sci. 2012;53:
164-170) DOI:10.1167/iovs.11-8188

etinal pigment epithelial detachment (PED) is a common

feature of many chorioretinal disease processes, the most
prevalent of which is agerelated macular degeneration
(AMD).! Initial studies were limited to the evaluation of these
PEDs by using planar imaging technologies such as color fun-
dus photography and fluorescein angiography. These initial
studies demonstrated that PEDs may evolve over time and that
identifying and classifying PEDs may be of importance. For
example, some investigators observed that long-standing avas-
cular PEDs may be associated with progression to vascularized
PEDs over time, and their presence may be related to a poor
prognosis.>?

The development of axial or cross-sectional imaging tech-
nologies—in particular, optical coherence tomography (OCT)
and, more recently, high-resolution spectral domain (SD)
OCT—has opened the door for more precise and comprehen-
sive assessment of PEDs. Many investigators have noted that
several types of PEDs can be observed and differentiated on
SD-OCT imaging, including serous, drusenoid, and fibrovascu-
lar PEDs.*~7 Some groups have further identified and classified
a variety of subtypes of drusenoid PEDs using characteristics
such as size, curvature, and internal reﬂectivity." The signifi-
cance of these various subtypes remains to be demonstrated in
future trials.

Few groups, however, have attempted to study various
subtypes of fibrovascular PEDs or to determine whether the
earliest signs of fibrovascular infiltration can be observed reli-
ably on OCT. Previously, our group has correlated OCT and
fluorescein angiographic (FA) findings in patients with neovas-
cular AMD and observed that PEDs with apparent fibrovascular
infiltration (evidenced by heterogenous internal reflectivity) on
OCT correlated with occult choroidal neovascularization
(CNV) on angiography.9 In our previous studies, however,
fibrovascular PEDs were not detected automatically, but rather
they were identified and quantified by exhaustive manual seg-
mentation by reading center experts.'® An important attribute
of OCT which has contributed to its rapid and pervasive ac-
ceptance in retinal clinical practice is that it provides auto-
mated quantitative information. Previously, automated analyses
from most commercial OCT software were limited to quantifi-
cation of retinal or nerve fiber layer thickness. Recently, how-
ever, investigators and OCT manufacturers have demonstrated
algorithms that can reliably segment and quantify retinal pig-
ment epithelium (RPE) elevations in patients with AMD and
related diseases.®!!12
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Despite this progress, attempts to automatically classify
these areas of RPE elevation and identify PEDs with possible
early subclinical fibrovascular infiltration have been limited. In
this study, we describe and evaluate an algorithm that may
allow automated classification and risk stratification of PEDs in
eyes with AMD and central serous chorioretinopathy (CSCR)
by SD-OCT.

SuBJECTS AND METHODS

Data Collection

We retrospectively reviewed OCT scans from all patients with AMD
and CSCR who were referred to the Doheny Ophthalmic Imaging Unit
(between March 2008 and June 2010) and underwent HD-OCT (Cirrus;
Carl Zeiss Meditec, Inc., Dublin, CA) imaging with the 512 X 128
volume scan protocol (Macular Cube; Carl Zeiss Meditec). The data
collection was limited to the Cirrus HD-OCT, as this was the only
instrument at the time of the study with available (for research use)
RPE analysis and quantification software. The 512 X 128 protocol was
chosen instead of the 200 X 200 cube protocol, as the higher trans-
verse resolution scans facilitated manual identification and classifica-
tion of PEDs. All cases were scrutinized to identify eyes with good-
quality scans (good signal strength, minimal or absent motion artifact,
and good centration), which contained at least some evidence of RPE
elevation. A total of 33 consecutive patients (46 eyes) who met these
criteria were selected for further analysis. Of 33 patients, 28 (M:F,
12;16; mean age, 81.4 = 6.6 years) had AMD and 5 had CSCR (M;F, 3;2;
mean age, 57.4 * 15.9 years). The collection and analysis of image data
were approved by the Institutional Research Board of the University of
Southern California. The research adhered to the tenets set forth in the
Declaration of Helsinki.

From these 46 eyes, 168 PEDs were automatically detected (Cirrus
HD OCT RPE Elevation Analysis tool; Carl Zeiss Meditec).'®'" The
algorithm and detection thresholds have been published and are also
described below.

Manual Classification of PEDs

Before automated classification, two independent certified Doheny
Image Reading Center (DIRC) OCT graders (SYL, HRG) independently
classified each of the 168 PEDs into three categories—serous,
drusenoid, or fibrovascular— by systematic inspection of all B-scans in
the volume cube. On the basis of the application of previous reading
center OCT definitions, serous PEDs were identified as localized, rela-
tively dome-shaped elevations of the RPE band with low internal
reflectivity within the PED (optically empty) and good visualization of
the underlying Bruch’s membrane band and choroid @i.e., reflectivity of
deeper structures was not blocked by the PED). Fibrovascular PEDs
were defined as elevations of the RPE that could be smooth or irregular
in surface contour, but with heterogenous internal reflectivity featur-
ing areas of hyperreflectivity as well as pockets of hyporeflectivity.'?
The presence of circular areas of hyporeflectivity with posterior shad-
owing were particularly helpful in identifying fibrovascular PEDs as
they are believed to correlate with large vessels within the fibrovascu-
lar complex. Drusenoid PEDs were identified as areas of RPE elevation,
typically smooth in contour and with medium to high, but homoge-
nous, internal reflectivity.'"® The grading protocol used the terms
creamy or ground glass to describe the internal reflectivity of these
structures.

For PEDs deemed to be of a mixed nature (i.e., had features of more
than one PED type), the graders were asked to make a single final
determination based on the predominant features.

Our reproducibility of grading areas of RPE elevation has been
published.'™'> For this study, the qualitative classification of PEDs by
the two graders was compared and any discrepancies were resolved by
open adjudication between the graders in accordance with standard
reading center procedures. Thus, a single human classification result
(serous versus fibrovascular versus drusenoid) was provided for each
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PED and served as the gold standard for comparisons with automated
classification results.

Automated Classification of PEDs

To control for interindividual variation in signal strength and scan
intensities, we normalized all the images before further analysis. The
normalization operation consisted of a rescaling of image intensity by
setting the average vitreous intensity at 0 and the average RPE band
intensity at 100. The resultant normalized image data were clipped to
a grayscale range of 0 to 255 for further analysis of A-scan intensity
profiles.

PEDs with a thickness greater than 20 pixels (39 wm) over an area
greater than 100 pixels (0.055 mm?) were deemed large enough for
internal reflectivity analysis. After normalization, each A-scan within a
PED was analyzed from a depth of 20 uwm below the RPE segmentation
down to 20 um below a baseline defined as the floor of the PED by a
robust RPE fitting algorithm. The standard deviation of the normalized
intensities over this depth range gave the raw calculation of standard
deviation. A mild lateral smoothing was applied to reduce variability in
the estimates of standard deviation of reflectivity. All A-scans within
each PED (perhaps better termed partial A-scans, since they included
only the portion of the A-scan within the PED) were automatically
classified into one of three categories based on the mean internal
intensity and the standard deviation of the internal intensity according
to the following criteria (Fig. 1): Partial A-scans with a mean intensity
<30 were deemed to be of the serous type (i.e., low internal reflec-
tivity); partial A-scans with a mean intensity =30 but <60 (i.e., medium
internal reflectivity) or a mean intensity =30 with SD =30 (i.e., me-
dium to high, but heterogenous internal reflectivity) were deemed to
be of the fibrovascular type; and partial A-scans with a mean intensity
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FIGURE 1.  Algorithm of automatic classification of PED. MI, mean
intensity; STD, standard deviation.
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of =60 and an SD < 30 (i.e., high and homogenous internal reflectivity
were deemed to be of the drusenoid type). The intensity threshold
points were selected by independent analysis of a separate training set
(24 eyes of 18 patients, data not shown) unrelated to the validation
cohort reported in this study. The aim was to distinguish between the
three groups of PEDs (serous, fibrovascular, and drusenoid) as clearly
as possible—but with a focus on high sensitivity for fibrovascular
PEDs, as these might be seen as clinically more important in the setting
of AMD or CSCR. A PED composition map (Figs. 2b, 2f) was generated
by depicting each A-scan within a PED with a different color code
based on the identity/classification of the A-scan (black for the serous
type, blue for the fibrovascular type, and beige for the drusenoid type
A-scans). This color-coded depiction facilitated ready visualization of
the relative heterogeneity or homogeneity of individual PEDs (the

Serous PED

IOVS, January 2012, Vol. 53, No. 1

PEDs of one color being more homogenous). For a given PED, the
predominant A-scan type within the PED was used to automatically
assign a single final classification for the PED. This single classification
was deemed to be the final result of the automated system for com-
parison with the human gold standard.

However, to preserve and efficiently display information regard-
ing the heterogeneity of the A-scans within the PED, additional
indices were created. A continuous color spectrum classification
map was constructed to reflect the underlying composition of the
PEDs, with PEDs with mixed compositions depicted with interme-
diate colors. For example, a PED that is composed of nearly all
drusenoid-type A scans would still be colored beige, and a PED that
is composed of nearly all fibrovascular-type A scans would still be
blue, whereas a mixed-appearing PED would be depicted in green
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FIGURE 2.

<RPE Composition Map>
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OCT B-scan, PED composition map, and PED classification map. Examples of each type of PED are shown: serous (a-c), drusenoid,

and fibrovascular (d-g). (a, d, e) Pink line: the automatically detected RPE surface on the B-scans; dashed light green line: the outer border of the
PED (baseline RPE fit). For A-scans in which a PED is detected, an additional line external to the RPE fit depicts the automated classification result
for each PED scan (black: serous; blue: fibrovascular; and beige: drusenoid). A-scan classification results for the PEDs are plotted in 2-D PED
composition maps (b, f) with the same color coding. The position of the corresponding B-scan on the PED composition map is depicted with a
red line (b, f). A PED classification map (c, g) based on the percentage of A-scan types within a PED. Since fibrovascular type A-scans are depicted
as blue, bluer PEDs are regarded as more indicative or suspicious for neovascularization. Green PEDs are composed of similar numbers of drusenoid

and fibrovascular A-scans.
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TABLE 1. Profiles of Automatically Classified PED
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Mean Fibrovascular PED

Automatic Mean Median Mean Mean Confidence Risk Index
Classification Mean Intensity Median SD Index (Mean % of FV Pixel)
Serous (n = 14) 17.0 19.5 28.9 12.1
Fibrovascular (n = 97) 53.3 27.1 24.1 82.6
Drusenoid (n = 57) 65.4 24.6 16.6 30.6

(Fig. 2g). As an important goal of this research was to develop a
system to detect early fibrovascular infiltration, a fibrovascular PED
risk index was also generated based on the percentage of A-scans
within a PED that were classified as being of the fibrovascular type.
Finally, since we recognized that the identity of PEDs with multiple
different A-scan types (mixed PEDs) may be less certain than those
composed of nearly all one type, a confidence index (CI) was
calculated based on the distance between the category boundaries
and the median value of mean intensity and standard deviations for
each PED. This distance in each dimension (mean or SD) was
calculated as the difference along that dimension divided by the
standard deviation of those parameters as found in the dataset. The
CI was calculated as a sigmoid function of the smaller of the two
distances:

Confidence index = [1 — exp(—x)1/[1 + exp(—x)]
where
x = min(dyean/Smecans dsp/Ssp)

where dy;.., and dg, are the distances to the boundaries, and sy, and
Sgp are the standard deviations of those respective parameters in our
dataset.

Statistics and Software

The PED segmentation was performed using a prototype code for the
Cirrus HD OCT RPE Elevation Analysis (MatLab; The Mathworks,
Natick, MA), and the analysis of the image data within the PEDs was
performed in the same software. The program was also used to gen-
erate the PED composition, PED classification maps, and fibrovascular
PED risk and CI.

Based on mean intensity and SD for each PED, the median value of
all A-scan results was calculated, giving the median mean and median
SD. The mean of these values was calculated over all PEDs in each
category, giving the mean median mean and mean median SD.

The sensitivity and specificity of the automated classification and the
P value of the CI were calculated (Excel; Microsoft, Redmond, WA).

RESULTS

Baseline Characteristics of PEDs

PEDs (n = 168) from 46 eyes of 33 patients were classified
by expert human graders and the automated algorithm. By

TABLE 2. Sensitivity and Specificity of Automatic Classification of PED

the automated algorithm 14 PEDs were classified as serous,
96 as fibrovascular, and 58 as drusenoid. The mean median
intensity and mean median standard deviation were 17 and
19.5 for serous, 53.3 and 27.1 for fibrovascular, and 65.4 and
24.6 for drusenoid PEDs, respectively. Mean CIs were 28.9,
24.1, and 16.6 for serous, fibrovascular, and drusenoid PEDs,
respectively. Mean fibrovascular PED risk indices were 12.1,
82.6, and 30.6 for serous, fibrovascular, and drusenoid PEDs,
respectively (Table 1). Example OCT B-scans, PED compo-
sition maps, and PED classification maps for each type of
PED are shown in Figure 2.

Sensitivity and Specificity of the
Automatic Algorithm

Of the 168 PEDs, the DIRC OCT graders classified 16 as
serous, 88 as fibrovascular, and 64 as drusenoid. Comparing
the automated classification against this human gold stan-
dard for each type of PED, sensitivities and specificities were
88% and 100% for serous, 76% and 64% for fibrovascular
PED, and 58% and 81% for drusenoid PEDs, respectively
(Table 2). When evaluating the sensitivity and specificity
numbers, it is important to note that both the graders and
the automated algorithm were forced to choose the best fit
among the three PED types (i.e., mixed or intermediate
grades were not allowed).

Subanalysis of Misclassified PEDs

To explore the reasons for misclassification, we reviewed all misclas-
sified PEDs again by inspection of macular cube scans as well as by
evaluation and correlation with other PED indices. Of the 27
drusenoid PEDs misclassified as fibrovascular PEDs by the automatic
algorithm, these errors were related to hypointensity associated with
RPE migration (23 PEDs) and lower CI (2 PEDs; mean CI, 17; P <
0.05). Of 21 fibrovascular PEDs misclassified as drusenoid, the error
was related to atrophic fibrovascular PED (8 PEDs), lower CI (10
PEDs; mean CI, 23; P < 0.05), hyperintensity of sub-RPE fluid (1
PED), and segmentation errors (2 PEDs). Similarly, in the two serous
PEDs misclassified as fibrovascular PEDs, the error was related to
hyperintensity of sub-RPE fluid (Table 3).

The characteristics of both correctly and incorrectly clas-
sified PEDs in our data set are illustrated in a PED classifica-
tion plot (Fig. 3). In this PED classification plot, we dis-
played both automatic and manual classification results in
the same plot. The human grader/manual classification is

Comparison with Manual Classification

Sensitivity and Specificity of
Automatic Classification

Automatic Classification Serous (n = 16) Fibrovascular (n = 88) Drusenoid (n = 64) Sensitivity (%) Specificity (%)
Serous (n = 14) 14 0 0 88 100
Fibrovascular (n = 96) 2 67 27 76 64
Drusenoid (n = 58) 0 21 37 58 81
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TABLE 3. Subanalyses of Misclassified PEDs by Automatic Classification

Median SD of
Intensity CI

Median Mean

PED ID Intensity

Comment

Misclassified as Fibrovascular PEDs

1 53.6 26.7 23
2 57.3 22.7 10
3 53.7 21.5 24
4 80.9 49.7 96
5 76.4 42.2 84
6 71 30.7 7
7 49.4 24.4 25
8 49.4 20.5 28
9 53.3 20.4 18
10 60 22.2 0
11 47.5 23.4 28
12 48 23.3 27
13 52.2 235 18
14 457 22.1 32
15 51.2 24.7 20
16 46.6 22.6 30
17 52.3 24.9 18
18 47.4 22.2 29
19 45.6 22.6 32
20 48.4 20.2 27
21 53.4 229 15
22 51.6 225 20
23 50 21.4 23
24 51.7 20.5 19
25 50.5 20.3 22
26 59.2 21.3 2
27 58.4 25.4 4
28 42 23.3 28
29 37.5 30.4 17
Misclassified as Drusenoid PEDs
1 76.8 20 43
2 85.7 25.9 44
3 91.9 28 23
4 69.4 25.8 24
5 60.6 27.6 2
6 62.6 26 6
7 65.3 26.1 12
8 74.4 26.8 21
9 65 26.3 11
10 67.8 28.7 9
11 66.5 27.3 14
12 60.1 23.7 0
13 60.1 25 0
14 60.8 26.3 2
15 62,5 25.6 6
16 65.4 26.7 13
17 68.2 27 19
18 65.2 27.5 12
19 069.1 28 13
20 68.3 27.6 16
21 66.2 26.1 15

Drusenoid PED with RPE migration
Drusenoid PED with RPE migration
Drusenoid PED with RPE migration
Drusenoid PED with RPE migration
Drusenoid PED with RPE migration
Drusenoid PED with RPE migration
Drusenoid PED with RPE migration
Drusenoid PED with RPE migration
Drusenoid PED with RPE migration
Low confidence index

Drusenoid PED with RPE migration
Drusenoid PED with RPE migration
Drusenoid PED with RPE migration
Drusenoid PED with RPE migration
Drusenoid PED with RPE migration
Drusenoid PED with RPE migration
Drusenoid PED with RPE migration
Drusenoid PED with RPE migration
Drusenoid PED with RPE migration
Drusenoid PED with RPE migration
Drusenoid PED with RPE migration
Drusenoid PED with RPE migration
Drusenoid PED with RPE migration
Drusenoid PED with RPE migration
Drusenoid PED with RPE migration
Drusenoid PED with RPE migration
Low confidence index

Serous PED with hyperintensity of sub RPE fluid
Serous PED with hyperintensity of sub RPE fluid

Atrophic fibrovascular PED
Atrophic fibrovascular PED
Atrophic fibrovascular PED
Hyperintensity of sub RPE fluid
Atrophic fibrovascular PED
Low confidence index
Low confidence index
Atrophic fibrovascular PED
Atrophic fibrovascular PED
Atrophic fibrovascular PED
Atrophic fibrovascular PED
Segmentation error

Low confidence index
Low confidence index
Low confidence index
Segmentation error

Low confidence index
Low confidence index
Low confidence index
Low confidence index
Low confidence index

shape encoded: circles for serous, squares for fibrovascular,
and triangles for drusenoid PEDs. The automated classifica-
tion result is color coded, as described above, with the size
of the icon indicating the size (volume) of the PED. Thus,
correctly classified PEDs are shown by agreement between
color codes (automatic classification) and object shape
(manual classification): black circle, blue square, and beige
triangle. The preselected category boundaries for each PED
type are illustrated with red hashed lines, in accordance
with the previously described fixed thresholds. PEDs with
mixed characteristics (i.e., green) and misclassified PEDs
(i.e., greenish squares or greenish triangles) are generally
noted to be close to the category boundaries.
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DISCUSSION

In this study, we evaluated an algorithm for automated classi-
fication of PEDs in eyes with AMD or CSCR. Automated classi-
fication of PEDs on OCT appeared to be both sensitive (88%)
and specific (100%) for identifying serous PEDs, although only
a small number of cases were included in the analysis. With the
threshold points selected for this study, our automated algo-
rithm yielded a higher sensitivity (76%) than specificity (64%)
for detecting fibrovascular PEDs, but a higher specificity (81%)
and lower sensitivity (58%) for detecting drusenoid PEDs. This
tradeoff is not unexpected, as thresholds were intentionally
chosen to increase sensitivity for detection of fibrovascular



I0VS, January 2012, Vol. 53, No. 1

50

oid PED
45t
40t
35} o
$
S0t
%
L ]
251 o
0@
¥
°
15|
o
° = S
10 ‘ ‘ : ‘ ‘ : ‘ ‘ ‘ ‘
0 10 20 30 40 50 60 70 80 90 100
mean
FIGURE 3.  Plot of all automatically analyzed PEDs. The x-axis indi-

cates the median mean intensity and the y-axis the median SD of
intensity. Automatic classification results are illustrated by each PED’s
median mean intensity and median SD. The size of each object repre-
sents the relative size of each PED and each object’s color coding
represents the composition of A-scan types with PED (PED classifica-
tion map). Red dotted lines: category boundaries depicting the thresh-
olds used for automatic classification of individual A-scans; the line at
mean intensity 30 is the boundary between serous and fibrovascular/
drusenoid PEDs and the line at mean intensity 60 and SD 30 is the
boundary between drusenoid and serous/fibrovascular PEDs. Manual
PED classification results are indicated by the shape of the data points;
circles: serous; squares: fibrovascular; and triangles, drusenoid. PEDs
misclassified as either fibrovascular or drusenoid PEDs due to charac-
ters with more than one type are all noted to be close to the category
boundaries, which is reflected by the low CIs for these.

PEDs. The rationale being that early detection of fibrovascular
PEDs may be of clinical value, perhaps identifying a subgroup
of patients at highest risk for developing overt clinically man-
ifest choroidal neovascularization. Indeed, several studies have
suggested that OCT may be more sensitive than angiography
for detecting CNV.13:10-18

Several points should be considered, however, when eval-
uating the sensitivity and specificity statistics. First, these cal-
culations required both the human grader and the automated
algorithm to choose a single best answer for each PED, despite
the presence of PEDs that appeared to show characteristics of
more than one type. This forced-choice approach may have
ultimately compromised the sensitivity and specificity. The
observation that the most of the misclassified PEDs had a low
CI (indicating that the PEDs were composed of significant
percentages of more than one A-scan type) is consistent with
this presumption. A second limitation of these calculations is
the potential inaccuracy of the gold standard. Although the
reading center PED assessment protocols are based on experi-
ence from multiple CNV trials and many published studies
correlating angiographic and OCT findings, histopathologic
correlative data are not available to definitely prove that fibro-
vascular, drusenoid, and serous PEDs as determined by OCT
inspection, are equivalent to the same lesions on microscopic
inspection.'”-'? =22 Another limitation of this analysis is that the
present automated analysis only used normalized internal re-
flectivity characteristics. It is possible that consideration of
other features of PEDs would further improve the sensitivity
and specificity results achieved in this study. However, internal
reflectivity of PEDs still appears to be a major feature to classify
various PED subtypes, most of the misclassified PEDs in this
study were related to confounding features of PED reflectivity,
such as RPE migration with shadowing artifacts and atrophy of
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the fibrovascular membrane within fibrovascular PEDs. There-
fore, increased awareness of these features and an improved
algorithm that could compensate for artifactitious reflectivity
changes may further improve the automatic classification of
PEDs. Finally, the classification algorithm developed in this
study is ultimately limited to the PEDs that can be accurately
segmented by the existing OCT instrument RPE elevation anal-
ysis. In eyes with significant segmentation errors or PEDs too
shallow or small to be detected, further classification will not
be possible. The clinical consequences of missing these sub-
threshold lesions must be redefined.

In addition, to sensitivity and specificity statistics, we at-
tempted to explore other potentially useful parameters. The CI
developed in this study appeared to be effective at identifying
PEDs with a high probability of misclassification and may be
helpful in identifying cases that require further scrutiny by the
clinician. The fibrovascular PED risk index may also prove to
be of clinical value, potentially identifying PEDs at high-risk for
progression to manifest CNV. Previous studies such as that by
Roquet et al.,*® have identified that 25% of eyes with drusenoid
PEDs may develop CNV over a 10-year period. One wonders
whether drusenoid PEDs showing mixed features on OCT (.e.,
fibrovascular type A-scans on OCT) may have an even higher
percentage of CNV development. Notably, there seemed to be
clear separation between the PED groups by their risk index,
with serous PEDs having the lowest index (12.1), followed by
drusenoid PEDs (30.6), and lastly, fibrovascular PEDs (82.6).
This matched our expectation rather well, yet only prospective
longitudinal data in large clinical trials will be able to evaluate
and better define the potential value of this index.

Ultimately, automatic analysis of PED may be useful in
detecting early development of neovascular PEDs from non-
neovascular PEDs. In addition, quantitative automatic profiles
of PED can be potentially advantageous in monitoring various
PEDs in a clinical setting.

In summary, analysis of the internal reflectivity profiles of
PEDs may allow automated classification of PEDs detected by
existing OCT segmentation algorithms. Further development is
needed to improve the accuracy and reliability of PED classifi-
cation, and longitudinal studies are necessary to define the
clinical value of this analysis. These approaches may be useful
for monitoring different types of PED over time, stratifying
PEDs according to risk, and predicting the risk of advanced
AMD.
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