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PURPOSE. To investigate the relationship between drusen areas measured with color fundus
images (CFIs) and those with spectral-domain optical coherence tomography (SDOCT).

METHODS. Forty-two eyes from thirty patients with drusen in the absence of geographic
atrophy were recruited to a prospective study. Digital color fundus images and SDOCT images
were obtained at baseline and at follow-up visits at 3 and 6 months. Registered, matched
circles centered on the fovea with diameters of 3 mm and 5 mm were identified on both CFIs
and SDOCT images. Spectral-domain OCT drusen measurements were obtained using a
commercially available proprietary algorithm. Drusen boundaries on CFIs were traced
manually at the Doheny Eye Institute Image Reading Center.

RESULTS. Mean square root drusen area (SQDA) measurements for the 3-mm circles on the
SDOCT images were 1.451 mm at baseline and 1.464 mm at week 26, whereas the
measurements on CFIs were 1.555 mm at baseline and 1.584 mm at week 26. Mean SQDA
measurements from CFIs were larger than those from the SDOCT measurements at all time
points (P ¼ 0.004 at baseline, P ¼ 0.003 at 26 weeks). Changes in SQDA over 26 weeks
measured with SDOCT were not different from those measured with CFIs (mean difference ¼
0.014 mm, P ¼ 0.5).

CONCLUSIONS. Spectral-domain OCT drusen area measurements were smaller than the
measurements obtained from CFIs. However, there were no differences in the change in
drusen area over time between the two imaging modalities. Spectral-domain OCT
measurements were considerably more sensitive in assessing drusen area changes.

Keywords: age-related macular degeneration, color fundus photography, drusen, optical
coherence tomography

Drusen are one of the earliest clinical signs of age-related
macular degeneration (AMD) and are well known to be

important risk factors for progression to late AMD.1–6 In
particular, large soft drusen are associated with a higher risk for
disease progression.1,7–9 Color fundus images (CFIs) have long
represented the gold standard for defining and evaluating
drusen and the clinical stages of AMD.10 Parameters such as
total drusen area and maximum drusen size can be calculated
from CFIs and have been used to predict the likelihood of
progression to late AMD.11,12

Although the drusen burden in the macula has proven to be
clinically important, it is difficult in practice to assess the
drusen burden from CFIs in an accurate and reproducibly
quantitative manner. Factors such as variability of fundus
pigmentation, drusen appearance, and medium opacities result
in large variations in assessing independent area measurements
by different experts.13,14 A number of automated and semi-
automated algorithms for drusen segmentation from CFIs have
been proposed,15 but because of the difficulties mentioned
above, their clinical use has been limited. Even in important
clinical studies such as the Age-Related Eye Disease Study

(AREDS), measurements of drusen area have been limited to a
coarse grading scale obtained by visual inspection.16

Spectral-domain optical coherence tomography (SDOCT)
has provided clinicians with high-resolution images offering an
accurate representation of the geometry of the macula in three
dimensions. In particular, SDOCT datasets have been used to
describe the deformations of the retinal pigment epithelium
(RPE) typically associated with drusen.17–21 Fully automated
algorithms for the computation of parameters such as drusen
area and volume have recently been introduced.19,22–24 Some of
these algorithms have been shown to be quite robust and
reproducible.19,22,25 The ability to quickly and easily obtain
precise measurement of the drusen burden can potentially be
quite significant for the clinical understanding of AMD, making
it possible for the clinician to monitor small changes in drusen
geometry over time, and has lead to a better understanding of
the dynamic nature of drusen.26

Relationships between drusen as defined as yellowish
pigmentary changes on color fundus photography and drusen
as defined as RPE deformations have been investigated.27–30

Good overall correlation between measurements of drusen area
using SDOCT and CFIs have been reported, but there are
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important differences between what is captured by the two
technologies. Differences in the pointwise agreement between
the segmented drusen areas on SDOCT and CFIs are due to the
intrinsic differences in how drusen are defined by the two
imaging strategies. Spectral-domain OCT imaging identifies
drusen by the presence of RPE deformations, which may not
always exactly correspond to the yellowish pigmented changes
seen on CFIs. Conversely, pigmentary changes may or may not
represent elevations of the RPE. Moreover, different segmen-
tation algorithms may have different characteristics. Typically,
there may be some trade-off between speed and accuracy, so
that the fast, robust algorithms suitable for use with
commercial instruments may have a reduced sensitivity to
detect small drusen and drusen with little if any elevation of
the RPE.19,23,28

We compared drusen measurements from manually seg-
mented CFIs with drusen measurements obtained using
SDOCT fully automated algorithm developed at the Bascom
Palmer Eye Institute. This algorithm, a version of which is now
commercially available with the Cirrus HD-OCT instrument
(software version 6.0; Carl Zeiss Meditec, Dublin, CA, USA),
provides a quantitative assessment of RPE deformations and
generates measurements of drusen volume and area. These
drusen area measurements from SDOCT images were shown to
be highly reproducible,19,25 although typically smaller than
those on color fundus images.28,29 The pointwise agreement
between the segmented drusen areas using the two different
modalities was only fair, as the OCT algorithm tends to
overlook small, flat drusen and subretinal drusenoid deposits.
Despite these limitations, it is clear that the SDOCT algorithm
produces meaningful measurements of the drusen burden in a
given eye. These measurements are particularly representative
for the medium and larger sized drusen, which may be the
most clinically meaningful features for disease progression.
Therefore, if drusen burden can be used as a surrogate marker
to predict disease progression, then it is important to
understand how SDOCT and CFI measurements of drusen area
compare over time.

The purpose of this prospective study was to compare the
measurements of drusen area from manual outlines on CFIs
with those generated by our automated algorithm on SDOCT
datasets. Changes in drusen area obtained using the two
different modalities were compared over 6 months.

METHODS

This prospective study was approved by the institutional
review board of the University of Miami Miller School of
Medicine and was compliant with the Health Insurance
Portability and Accountability Act of 1996. A total of 30
patients from the retina service were enrolled at the Bascom
Palmer Eye Institute between November 1, 2009, and May 3,
2011. Each patient signed an informed consent. The Bascom
Palmer Eye Institute retina faculty confirmed the clinical
diagnosis of nonexudative AMD. Eligibility criteria included
an age of 50 years or more, the presence of high-risk drusen in
the study eye, and best-corrected visual acuity of 20/63 or
better (an Early Treatment Diabetic Retinopathy Study [ETDRS]
letter score of at least 59). High-risk drusen were defined by
the presence of at least one druse with a diameter of at least
250 lm observed on fundus biomicroscopy or color fundus
photography and a total drusen volume of at least 0.03 mm3 as
measured by SDOCT within a 3-mm-diameter circle centered
on the fovea. Digital photography, fluorescein angiography, and
OCT images were obtained to document the absence of
choroidal neovascularization prior to including patients in the
study. Eyes with geographic atrophy were excluded from this

study. Patients with other concomitant retinal pathologies,
including pathologic myopia, diabetic retinopathy, hyperten-
sive retinopathy, and central serous chorioretinopathy, were
excluded.

Digital color fundus images and SDOCT images (Cirrus HD-
OCT), were obtained at baseline and at follow-up visits at 3 and
6 months. Spectral-domain OCT macular cube scans (200 3
200 A-scans) were obtained after pupil dilation, using one drop
of 2.5% phenylephrine hydrochloride and 1% tropicamide.
Each scan covered a retinal area of 6 3 6 mm centered on the
fovea. A single experienced operator, who assessed the quality
of the scan during its acquisition, performed all scans.
Whenever possible, an effort was made to delete datasets with
poor signal strength or with significant motion artifacts.

After acquisition, one of the authors reviewed each scan. At
least one good quality scan (strength equal to or greater than 7
and no clear evidence of motion artifacts) was confirmed for
each eye in the study at each time point. If more than one good
quality scan was available for a given eye at a time point, then
one scan was randomly chosen.

Raw OCT datasets were exported to a personal computer
and analyzed as previously described.19 The position of the
fovea was determined manually by scanning through the OCT
dataset and finding the spot where the geometry of the inner
retinal layers best matched the known anatomical configura-
tion in the fovea. A proprietary algorithm was used to find the
RPE and the RPE floor. The RPE floor is an extrapolated virtual
RPE surface representing the geometry of an RPE free of local
deformations associated with drusen, and the difference
between the actual RPE segmentation and the RPE floor
defines the drusen thickness map.19 Drusen area and volume
measurements were then obtained for the macular areas within
circles centered on the fovea, with diameters of 3 mm (C3) and
5 mm (C5) as well as for the full dataset.19

Each SDOCT dataset was registered to the corresponding
color fundus image by using the OCT fundus image (OFI) and
the en face retinal vascular patterns. Ad hoc software was
developed to register CFIs to the OFIs.31 This software also
identified regions on CFIs matching the 3- and 5-mm circles
centered on the fovea on the SDOCT datasets (Fig. 1). Results
of the automatic registration were reviewed by one of the
authors, and manual adjustments were made if the original
registration was deemed unsatisfactory. Drusen within the 3-
and 5-mm circles on CFIs were then manually outlined and
measured (Fig. 2) by experienced graders at the Doheny Eye
Institute Image Reading Center.28

As discussed in previous reports,19,28 a square root
transformation of the drusen area data was performed prior
to statistical manipulation of the measurements. This transfor-
mation eliminated the dependence of the measurement
variance on lesion size and permitted a more accurate
assessment of whether the lesion area had changed. All data
are therefore presented here using the square root of the
drusen area measurements (SQDA). Measurements of drusen
area from SDOCT datasets and CFIs were compared using the
paired t-test. Agreement between SDOCT and color fundus area
measurements is summarized by the intraclass correlation
coefficient. All analyses were performed with SPSS version 19
software (SPSS, Inc., Chicago, IL, USA).

RESULTS

Forty-two eyes from the 30 patients enrolled satisfied inclusion
criteria at baseline. Measurements from the C3 and C5 regions
from both SDOCT images and CFIs were obtained for all eyes at
baseline, at 12 weeks, and at 26 weeks. Two patients (four
eyes) withdrew from the study before 26 weeks. One eye
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progressed to neovascular disease during the study, and
another eye could not be graded by the reading center due
to poor quality of the CFIs. Drusen area measurements for 36
eyes from 27 patients were analyzed.

Generally, the measurements for drusen area from CFIs
were larger than those from SDOCT at all time points (Fig. 3
[figures show data only in C3]). Mean SQDA in the 3-mm
circles for the SDOCT scans were 1.451 mm at baseline and
1.464 mm at 26 weeks. Mean SQDA in the 3-mm circles for
CFIs were 1.555 mm at baseline and 1.584 mm at 26 weeks.
Mean SQDA in the 5-mm circles for the SDOCT scans were
1.673 mm at baseline and 1.710 mm at 26 weeks. Mean SQDA
in the 5-mm circles for CFIs were 1.950 mm at baseline and
1.996 mm at 26 weeks. Differences between the area
measurements on the CFIs and those from SDOCT scans were
statistically significant at baseline and at 26 weeks, both in C3
and C5 (all P < 0.004). The intraclass correlation coefficient of
agreement between the modalities for the 3-mm measurements
was 0.79 at baseline and 0.81 at 26 weeks. In the C5 region, the
intraclass correlation coefficient was 0.70 at baseline and 0.71
at 26 weeks.

The change in SQDA over 26 weeks clearly identifies two
different populations when measured with SDOCT (Fig. 4A).
Two eyes had a statistically significant loss in drusen area (i.e.,
change outside the 95% test–retest tolerance limits for SDOCT
measurements26). Moreover, in these two eyes, the loss in
drusen area was immediately apparent and considerably

beyond threshold for statistical significance, whereas the
change in SQDA for all other eyes was normally distributed
(Fig. 5B), with a statistically significant mean SQDA growth of
0.064 mm in C3 (P < 0.001). The two eyes with drusen area
loss on SDOCT also showed the largest loss in drusen area on
CFIs, but only one of these eyes could clearly be identified as
an outlier from CFI measurements (Fig. 4B). The change in
SQDA for all other eyes showed a statistically significant mean
growth of 0.073 mm when measured on CFIs in C3 (P ¼
0.002). The change in SDQA over 26 weeks in C5 showed the
same behavior as that described in C3, with significant mean
SQDA growth of 0.086 mm (P < 0.001) on SDOCT and 0.089
mm (P ¼ 0.003) on CFIs, when removing the two eyes with
clear loss of drusen area.

Differences between the changes in SQDA over 26 weeks
measured with SDOCT and those measured with CFI (Fig. 5A)
were not significantly different from 0, with a mean of 0.015
mm (P¼ 0.5) in C3 and a mean of 0.010 mm in C5 (P ¼ 0.7).
The median of the differences in SQDA changes was also not
significantly different from 0, with values equal to 0.004 mm (P
¼0.51, Wilcoxon) in C3 and 0.02 mm (P¼0.62, Wilcoxon test)
in C5. The statistical distributions of changes in SQDA were
similar for both modalities, showing an essentially normal
looking distribution with positive mean and large negative
outliers (Fig. 5B). The spread of the changes in SQDA was
larger when measured on CFIs than on SDOCT: The

FIGURE 2. Drusen areas were measured with different imaging modalities. (A) Central 3-mm and 5-mm circles were superimposed on a color fundus
image (CFI). (B) Manually outlined drusen on the CFI, as shown in (A). (C) Automated drusen area map was calculated using the spectral-domain
optical coherence tomography (SDOCT) algorithm. (D) Composite image shows the manually outlined drusen shown in (B) and the automated
drusen map shown in (C).

FIGURE 1. Registration of color and OCT fundus images. (A) Circles with diameters of 3 mm and 5 mm are centered on the fovea and marked on the
spectral-domain optical coherence tomography fundus image (OFI), which is registered with the color fundus image (CFI). (B) Circles with
diameters of 3-mm and 5-mm circles are transferred from the OFI to the CFI. (C) The CFI area contained within the circles was isolated and sent to
the Doheny Image Reading Center for manual grading.
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interquartile range was 0.11 mm greater on CFIs in C3 and 0.14
mm greater on CFIs in C5.

DISCUSSION

Over the past few years, a number of studies have shown that
quantitative descriptions of the RPE geometry can be obtained
from SDOCT datasets. As new SDOCT algorithms characteriz-
ing drusen load in the central macula are introduced and

become widely available with commercial OCT instruments, it
is important to understand the relationship between these
parameters and the standard measurements of drusen from
CFIs. To better understand this relationship, we compared
measurements of drusen area using CFIs and SDOCT datasets
over time.

Area measurements of drusen, identified by experienced
graders on CFIs within a 3- and 5-mm circle centered at the
fovea, were found to be typically greater than the area
measurements obtained using SDOCT imaging and an auto-
mated detection algorithm. These results are consistent with
our previous study.28 Indeed, we found here a somewhat better
agreement between CFIs and SDOCT than that in results
published by Yehoshua et al.28 For instance, in C3, we obtained
an intraclass correlation coefficient of agreement of 0.79 vs.
0.60 with ICC, as reported by Yehoshua et al.28 The higher
correlation might be due to the fact that our eligibility criteria
resulted in a population with a somewhat heavier drusen load.
As we previously discussed,19,28 differences between the
measurements of these two modalities can be explained by
the fact that drusen are defined on CFIs based on macular
pigment abnormalities, whereas drusen are defined on SDOCT
images by their deformation of RPE geometry. There are several
possible situations resulting in disagreements between the
measurements on CFIs and the measurements on OCT
datasets, the most common being the identification of drusen
on fundus images that did not significantly elevate the RPE.
These include drusen that correspond to small RPE deforma-
tions seen in the OCT images and might possibly be detected
by a more sensitive algorithm, as well as drusen for which the
OCT images show no appreciable RPE deformation. Recently,
Diniz et al.29 analyzed a group of 40 eyes by using essentially
the same SDOCT algorithm. They reported that SDOCT
measurements found a smaller number of drusen, in total as
well as in all size groups (small, intermediate, and large), than
manual segmentation of CFIs. However, in their population,
the mean drusen area from SDOCT was actually larger,
although not significantly so, than the CFIs mean drusen area.
The outcome about mean drusen area in the publication by

FIGURE 3. Comparison of the square root drusen area measurements
within the central 3-mm circle obtained using color fundus images
(CFI) and spectral-domain optical coherence tomography (SDOCT).
Solid line is the bisector.

FIGURE 4. Changes in square root drusen area (SQDA) measurements within the central 3-mm circle. (A) Square root drusen area at baseline versus
SQDA at week 26, obtained using spectral-domain optical coherence tomography (SDOCT). (B) Square root drusen area at baseline versus SQDA at
26 weeks, obtained using color fundus images (CFI). Solid line is the bisector.
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Diniz et al.29 is different from ours in the present study (as well
as that previously published by our group28) and somewhat
surprising, particularly in view of their results of drusen
distribution by imaging modality (Fig. 5A in their paper). It is
clear that in some eyes, the drusen area on SDOCT can be
larger than on CFIs (e.g., see the study by Yehoshua et al.28).
Although this situation is relatively infrequent in our popula-
tion (Fig. 3), it should be assumed that such eyes play a larger
role in the sample of eyes analyzed by Diniz et al.29

We have previously shown that SDOCT drusen measure-
ments are very reproducible and can be used to study drusen
dynamics, which can serve as a surrogate for disease
progression over a relatively short period of time.19,25 The data
presented here also confirm results from our natural history
study of drusen.26 Mean drusen area and volume tend to grow
slowly over time, whereas in some eyes, we found a significant
and sudden loss in drusen area. Our results, particularly the
distribution of SQDA changes shown in Figures 4 and 5, clearly
show that SDOCT measurements are much more precise than
those from CFIs and are more sensitive to underlying changes in
drusen morphology. In particular, there were two eyes in which
SDOCT measurements had a pronounced loss in drusen area
over 26 weeks, but the measurements from fundus images only
clearly identified significant change in one eye.

Although we know that SDOCT measurements of drusen
are somewhat different than the ones obtained from CFIs, our
data show that there are no significant differences between the
mean changes in drusen area over time, measured with each of
the two modalities. It is important to stress that, although
SDOCT area measurements are systematically smaller than the
ones obtained from CFIs, this bias disappears when we
consider the changes in drusen area over time. Moreover, the
shape of the statistical distribution of the changes in SQDA
with CFI appears to be substantially similar to the one obtained
with SDOCT (Fig. 5). This suggests that both modalities
capture essentially the same changes in drusen area over time.
Our result can be explained by noticing that most of the
changes in drusen area are caused by changes in the
morphology of large soft drusen, particularly in the central

macular region, whereas the most common differences
between the measurements with SDOCT and those with CFIs
at any given time point are caused by small hard drusen.

One potential weakness of our study is the relatively short
length of follow-up. It certainly would be interesting to study
patients over longer time intervals and, ideally, analyze data
prior to conversion to advanced AMD. However, 6 months is
enough to establish a definite change in drusen area
measurements and establish a significant comparison between
the two modalities.

Manual segmentation of drusen from SDOCT datasets is in
good agreement with CFI drusen measurements, although
there are some clear differences between the anatomical
features assessed by the two modalities.27 However, manual
segmentation of drusen is costly and time consuming. In
contrast, a fully automated algorithm, such as the one studied
here, whereas it might underestimate small, flat drusen,
provides a fast, inexpensive, and reproducible approach for
identifying and following drusen. These measurements are
particularly representative for the medium and larger sized
drusen, which should be more clinically meaningful when
assessing disease severity and progression. Furthermore, the
excellent reproducibility19 of our SDOCT measurements
results in much higher sensitivity to detection of differences
in SQDA and a much tighter distribution of the changes in
SQDA over time (Fig. 5B).

It should be mentioned that a number of recent works have
also considered drusen measurement from OCT images
acquired using polarization sensitive instruments. In this
setting, new segmentation algorithms have been proposed,
taking advantage of the depolarizing properties of the RPE as a
way to identify this layer.32,33

Our results provide further evidence for the relevance of
automated SDOCT drusen measurements in evaluating drusen
dynamics. Such algorithms may be useful in developing
improved severity scales to predict disease progression and
in clinical trials as novel endpoints when assessing potential
therapies to slow the progression to nonexudative AMD.34 In
addition, the widespread availability of this particular algorithm

FIGURE 5. Changes in square root drusen area (SQDA) measurements within the central 3-mm circle over 26 weeks. (A) Change in SQDA was
obtained using spectral-domain optical coherence tomography (SDOCT) images versus changes in SQDA obtained using color fundus images (CFIs).
Solid line is the bisector. (B) Histograms of the changes in SQDA as measured with CFIs (left) and SDOCT (right).
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with the Cirrus HD-OCT instrument (software version 6.0 and
later) provides the clinician with a rapid, reproducible,
quantitative approach for following normal disease progression
in patients with nonexudative AMD.
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