
Simple Estimation of Clinically Relevant Lesion
Volumes Using Spectral Domain–Optical Coherence
Tomography in Neovascular Age-Related
Macular Degeneration

Florian M. Heussen, Yanling Ouyang, SriniVas R. Sadda, and Alexander C. Walsh

PURPOSE. To evaluate simple methods of estimating the volume
of clinically relevant features in neovascular age-related macu-
lar degeneration (NVAMD) using spectral domain–optical co-
herence tomography (SD-OCT).

METHODS. Using a database of NVAMD cases imaged with mac-
ular cube (512 A-scans � 128 B-scans) SD-OCT scans, the
authors retrospectively selected visits where cystoid macular
edema (CME), subretinal fluid (SRF), or pigment epithelial
detachments (PEDs) were evident. Patients with single visits
were analyzed in the cross-sectional analysis (CSA) and those
with a baseline visit and three or more follow-up visits in the
longitudinal analysis (LA). The volume of each feature was
measured by manual grading using validated grading software.
Simplified measurements for each feature included: number of
B-scans or A-scans involved and maximum height. Automated
measurements of total macular volume and foveal central sub-
field were also collected from each machine. Correlations were
performed between the volumes measured with 3D-OCTOR,
automated measurements, and the simplified measures.

RESULTS. Forty-five visits for 25 patients were included in this
study: 26 cube scans from 26 eyes of 25 patients in the CSA and
24 scans from 5 eyes of 5 patients in the LA. The simplified
measures that correlated best with manual grading in the CSA
group were maximum lesion height for CME (r2 value � 0.96)
and B-scan count for SRF and PED volume (r2 values of 0.88
and 0.70). In the LA group, intervisit differences were corre-
lated. Change in B-scan count correlated well with change in
SRF volume (r2 � 0.97), whereas change in maximum height
correlated with change in CME and PED volume (r2 � 0.98 and
0.43, respectively).

CONCLUSIONS. These data suggest that simplified estimators of
some NVAMD lesion volumes exist and are accessible by clini-
cians without the need for specialized software or time-con-
suming manual segmentation. These simple approaches could
enhance quantitative disease monitoring strategies in clinical

trials and clinical practice. (Invest Ophthalmol Vis Sci. 2011;
52:7792–7798) DOI:10.1167/iovs.11-8023

Imaging data have been an integral part of both ophthalmic
clinical practice and clinical trials for decades. Despite the

enthusiastic adoption of optical coherence tomography (OCT)
into clinical practices over the last decade, the use of OCT in
clinical trials has generally lagged behind its clinical use. For
example, time domain OCT took years to become common-
place in neovascular age-related macular degeneration
(NVAMD) clinical trials, in part because of inconsistencies in
measurements due to software segmentation and registration
irregularities in this disease.1–3 In the recent era of spectral
domain OCT (SD-OCT), large data sets, a multitude of device
manufacturers, and segmentation errors may again have ham-
pered rapid integration of SD-OCT data into multicenter stud-
ies. Given the widespread adoption of SD-OCT into practices,
continued failure to use this same technology in clinical trials
maintains a disconnect between trials and practice that may
interfere with the evidence-based management and therapy
that often constitute the goal of these trials. Instead, it seems
that a desirable goal for clinical trials should be to use and study
techniques that can be readily adapted to clinical practice to
guide patient management based on the conclusions from
those trials.

One OCT-based measure that has been used in both clinical
trials and clinical practices is the automated report produced
by each commercial OCT instrument.4–7 Despite the differ-
ences in measurements made by different machines, these
data, such as macular volume and Early Treatment Diabetic
Retinopathy Study grid retinal thickness measurements, have
been useful in clinical trials because they provide a simple,
objective, numerical distillation of the imaging data contained
in the SD-OCT data set. However, these measurements are still
prone to segmentation errors and fail to extract much of the
rich data concerning specific lesions that are contained in OCT
images.8–10

One common tool that is used in clinical trials but not in
clinical practice is a reading center assessment. These evalua-
tions extract data, such as the presence of cystoid macular
edema (CME), subretinal fluid (SRF), or pigment epithelial
detachments (PEDs), that may be overlooked by automated
measurements. Based on the expertise of human graders, read-
ing center assessments can detect and sometimes correct seg-
mentation errors. However, the standardized training, proto-
cols, and time involved in these assessments make them
impractical for most clinicians.

The goal of this study was to investigate simplified, quanti-
tative methodologies that approach the accuracy of a detailed,
time-consuming reading center assessment but can be com-
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pleted in a short enough time to make it practical for most
clinicians.

METHODS

Data Collection

Using a database of cases collected at our institute over a 3-year period
of patients with NVAMD imaged with macular cube (512 A-scans �
128 B-scans) volume SD-OCT scans (either a 3D-OCT-1000, Topcon,
Inc., Tokyo, Japan; or Cirrus HD-OCT, Carl Zeiss Meditec, Inc., Dublin,
CA), we retrospectively selected single visits where the SD-OCT scans
demonstrated CME, SRF, and/or PEDs. Data from these single visits
were analyzed as one group and called the cross-sectional analysis
(CSA). Patients with one baseline visit and three or more follow-up
visits of sufficient quality for analysis were also selected and grouped
into a separate longitudinal analysis (LA) group. Change analyses were
conducted on the longitudinal data in the LA group by subtracting
measurements at one visit from the same measurements at the next
visit. These measurements were referred to as “delta ” measurements.
All research herein adhered to the tenets set forth in the Declaration of
Helsinki.

Volumetric Grading

Gold-standard volumetric data were generated by exporting the raw
OCT data from the SD-OCT devices and importing the data into pre-
viously described validated grading software (titled “3D-OCTOR”) for
manual grading.11,12 This software allows the user to navigate through
all available scans and manually draw structure boundaries for all or a
subset of scans. Based on these boundaries the software then calculates
measurements such as thickness, area, and volume for each designated
space (Fig. 1). Volumetric grading was performed on every B-scan of

each SD-OCT volume scan in accordance with our Doheny Image
Reading Center protocols. The reproducibility of these grading meth-
ods has been previously described.11 In addition, automated measure-
ments from the OCT devices, specifically macular volume (MV) and
foveal central subfield (FCS) thickness, were collected for each case for
comparison with the manual grading.

Simplified Grading

In a second step, simplified measurements were made for each feature
(CME, SRF, or PED) including: number of B-scans demonstrating the
feature, number of A-scans including the feature, and the maximum
height of the feature across the macular cube. With the exception of
A-scan counts (on 3D-OCT-1000 data), these measurements were ob-
tained directly from the aforementioned SD-OCT devices using the
preinstalled software (Cirrus HD-OCT, version 5.0.0.326, Carl Zeiss
Meditec; or Topcon Data Viewer, version 4.13.002.02; Analyze.dll v
2.01.51, respectively). B-scan count and A-scan count were determined
by identifying the first scan containing the feature and then moving
forward through the volume scan until the feature was no longer
visible. The difference between the numbers of the first and last scans
represented the number of scans involved (Fig. 2). For the purpose of
this study, a PED was defined as the single largest, contiguous detach-
ment of the retinal pigment epithelium (RPE) across the macula ex-
cluding satellite PED lesions that appeared to be disconnected from the
main PED. Since our version of the data viewer (Topcon Data Viewer)
did not allow visualization of A-scans as cross-sections, we vertically
reconstructed the 3D-OCT-1000 data set with custom software and
registered adjacent scans for display within 3D-OCTOR. This was done
only for the purpose of simplified grading of A-scan counts but not for
manual segmentation. Simplified measures were also combined in the
following way: (1) A-scan count � maximum height; (2) B-scan

FIGURE 1. (A, B) Images show the
same B-scan from an SD-OCT data set
after manual grading within a validated
reading center tool (3D-OCTOR). CME,
SRF, and PED were manually graded on
every B-scan (A) and the validated read-
ing tool (3D-OCTOR) measured the cor-
responding spaces (B) to give detailed
volumetric results.

FIGURE 2. Simplified grading of SRF
in a sample case from the Cirrus HD-
OCT. The first B-scan of the cube
scan that shows the feature to be
graded (SRF marked with an aster-
isk) is identified and the respective
B-scan number noted (A). Then, pro-
gressing through the lesion (ar-
rows), the number of the B-scan rep-
resenting the lower boundary of the
lesion feature is also noted (B). In the
same way, the A-scans representing
the left and right boundaries of the
lesion feature are identified and their
respective numbers noted. The Cir-
rus HD-OCT natively supports the A-
scan view of a cube scan. Regarding
the 3D-OCT-1000 used in our study,
we engineered custom software to
facilitate an A-scan view similar to
that shown for the Cirrus HD-OCT.
Finally, the maximum height of the
feature is measured with a caliper
tool found in virtually any OCT soft-
ware. The final values for the simpli-
fied grading of SRF in this case are: number of B-scans: 99 � 56 � 43; number of A-scans � 331 � 187 � 144; maximum height � 212 �m. Grading
of these three parameters will take an average time of approximately 30 seconds per feature.
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count � maximum height; and (3) A-scan count � B-scan count �
maximum height.

All grading was done independently in a dual-grader process by two
reading center certified graders (FMH, ACW). Discrepancies between
the two graders were adjudicated and the average of the final results
was used for subsequent statistical analysis. Both volumetric grading
and simplified grading were timed for a subset of cases to estimate the
total time required to complete each task.

Statistical Methods

Pearson correlation coefficients were calculated for the CSA and LA
groups between manual volumetric measurements and the simplified
measurements, the derived parameters from the simplified measure-
ments such as lesion area, and the automated results from each OCT
device. Delta volume measurements were compared with delta ver-
sions of these simplified parameters. Nonlinear comparisons, such as
between volume and thickness or volume and area, were linearized by
calculating the cube root of volumetric measurements and the square
root of area measurements before calculating the Pearson correlation.

To determine the predictive power of a model derived from these
data, the cross-sectional data were split randomly into two groups
(split sample methodology). Linear regression models developed using
one group were tested against the other for each of the two halves. The
average percentage error for each simplified parameter was calculated
by comparing its predicted volume with the gold standard from volu-
metric grading.

Custom software was written to perform a Monte Carlo permuta-
tion correlation analysis on the entire data set. In our approach,
correlation coefficients were calculated for billions of random permu-
tations of data subsets from the full correlation analysis. For example,
given only 8 data pairs in a data set, a Monte Carlo permutation analysis
also calculates correlation coefficients for 8 permutations of 7 data
pairs, 28 permutations of 6 pairs, 56 permutations of 5 pairs, and 70
permutations of 4 pairs in addition to the single permutation of 8 data
pairs. In addition to standard P values, these data can be used to
calculate 95% confidence intervals (CIs) for correlations derived from
subsets of data. Small CIs suggest that these data are exchangeable and
that future data points will correlate in the same way. In contrast, large
CIs suggest uncertainty about the significance of the conclusion since
a different conclusion might have been reached using only a subset of
the same data. The greatest degree of uncertainty regarding the corre-
lation of two data sets occurs when the CI value dips below signifi-
cance after leaving out only 1 or 2 data pairs.

To test the potential utility of these parameters in treatment versus
observation clinical decisions, the sensitivity and specificity of simpli-
fied and automated measurements for detection of increases or de-
creases in manually measured lesion volumes were also computed. To
accomplish this, changes in measurements for CME, SRF, and PED
were subcategorized into one of three groups: decreased, no change,
or increased. To account for inaccuracies in manual measurements,
such as those arising from subjective boundary choices or limitations
of image resolution, any change �2 B-scans, 8 A-scans, 7 �m maximum
height/retinal thickness, 0.1 mm3 macular volume, or 0.019-mm cube-
root volume was categorized as “no change. ” These thresholds were
derived from the assumption that the OCT volume scans have an axial
resolution of �7 �m, a horizontal resolution of �20 �m, and a vertical
resolution of �48 �m.

Finally, interrater agreement for the simplified grading was assessed
with weighted Cohen’s kappa (�) and Bland–Altman plots. The weights of
the individual groups for the �-analysis are shown in Table 1.

RESULTS

A total of 45 visits for 25 patients were included in this study.
Twenty-six cube scans from 26 eyes of 25 patients with a
diagnosis of NVAMD were included in the CSA. Of these cube
scans, 20 were taken on the 3D-OCT-1000 (Topcon), whereas

6 were taken on the Cirrus HD-OCT. Twenty-four visits from 5
eyes of 5 patients were included in the LA, and 19 of the total
24 cube scans were taken on the 3D-OCT-1000 (Topcon),
whereas 5 scans were taken on the Cirrus HD-OCT. The OCT
device used at baseline did not change during the follow-up for
all 5 patients in the LA. Sixteen patients were female. The age
range of the subjects was 73–94 years (mean, 82.5 years).

For the CSA group, nearly all simplified parameters corre-
lated with the manual volumetric measurements (Table 2). The
range of R2 values for each feature was 0.7–0.96 for CME,
0.87–0.96 for SRF, and 0.32–0.81 for PED. Automated mea-
surements from the SD-OCT devices did not correlate as well
with gold-standard manual measurements. The range of R2

values for automated measurements was 0.13–0.44 for CME,
0.34–0.54 for SRF, and 0.11–0.17 for PED.

Results for the LA group were similar when analyzed as
single visits. However, analysis of changes in measurements
between visits (delta analysis) demonstrated better correlation
with automated MV (range of R2 values: 0.27 to 0.72) and FCS
measurements (range of R2 values: 0.26 to 0.81). Delta analysis
for the simplified parameters was still superior to automated
measurements for CME and SRF lesions, with maximum R2

values of 0.99 each. Interestingly, delta analysis of PEDs yielded
worse correlations with manual measurements than automated
analyses (R2 � 0.53, Table 2). There were obvious differences
in the R2 values of automated measurements between the two
devices used in this study (Table 2). Assessment of the segmen-
tation algorithm performance revealed only minor errors on
both devices, and thus we attribute this observed difference in
correlation to the small case number in the Cirrus cohort (n �
6 and n � 4, for the CSA and LA groups, respectively).

Sensitivity–specificity analysis revealed that the simplified
parameters had a higher sensitivity and specificity for predict-
ing intervisit changes in CME, SRF, and PED volumes than
changes in automated macular volume or FCS (Table 3). FCS
thickness was more specific than MV in detecting fluid
changes, but it also produced a number of false-negative re-
sults, despite the use of a relatively sensitive cutoff of approx-
imately 7 �m. When the clinical trial standard of a 100-�m
change in FCS was applied, the sensitivity of FCS for detection
of changes in SRF and CME (12.5%) was inferior to the simpli-
fied measures (100%).

Interrater agreement for both B-scan count and maximum
lesion height measurements was good with Cohen’s kappa
values of 0.95 and 0.87 for CME, 0.92 and 0.88 for SRF, and
0.87 and 0.70 for PEDs, respectively. A-scan count had lower
interrater agreement, with an average � � 0.69 for all features
(range, 0.60 to 0.78). Bland–Altman plots confirmed the good
interrater agreement of B-scan count and maximum lesion
height (Fig. 3).

TABLE 1. Groups and Weights for Analysis of Cohen’s kappa

� Analysis Measurement Parameters*

Group Weight
B-Scan

Count (n)
A-Scan

Count (n)
Maximum

Height (�m)

1 1.00 0–2 0–8 0–7
2 0.70 3–6 9–24 8–15
3 0.00 �6 �24 �15

For analysis of Cohen’s kappa, the difference between the two
graders was weighted according to its absolute value. Measurement
errors of more than 3 B-scans, more than 9 A-scans, or more than 8 �m
in maximum height were considered negligible.

* Measurement parameters are given as the difference between
the two graders.
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The best linear regression models used to predict feature
volumes in opposite halves of the CSA data set produced an
average relative error of 17.1% for CME based on maximum
lesion height, and 15.2% and 20.1% for SRF and PED, respec-
tively, when based on B-scan count � maximum height
(Table 4). A-scan count was not used in this analysis due to
unsatisfactory interrater agreement.

Monte Carlo permutation correlation analysis revealed that
all simplified grading parameters exceeded statistical signifi-
cance of P � 0.005 at one third of our total sample size. In
comparison, the correlation of automated measurements with
gold-standard volumes failed to reach a significant level (Fig. 4)
in many cases. When they did, the CIs sometimes suggested
that a different conclusion might have been reached had a few
cases been excluded. This is particularly true for the correla-
tion of automated MV with SRF volume, where the R value
dropped from 0.79 to 0.00 after exclusion of only a single case
(Fig. 4).

On average, the time required to perform manual volumet-
ric grading of CME, SRF, and PED in a single SD-OCT volume

scan using 3D-OCTOR was 92 � 16 minutes. In contrast,
simplified grading was �50 times faster, with an average time
to completion of 1.4 � 0.2 minutes for all features. Simplified
grading of only B-scan counts or maximum lesion height from
a single SD-OCT volume scan took an average of 13 and 9
seconds, respectively.

DISCUSSION

In this study, we report on comparisons between a detailed
volumetric analysis of clinically relevant OCT features associ-
ated with NVAMD and simplified quantification methods that
are quick and practical for both clinicians and reading centers
to perform. OCT-driven monitoring of NVAMD, based at least
in part on changes in CME, SRF, and PEDs, is becoming com-
monplace in both clinical practice and in clinical trials.6,7,13,14

In the absence of software capable of measuring these
clinically relevant parameters accurately and automatically, cli-
nicians are left either to assess changes qualitatively or use

TABLE 2. Summary of Correlation Analysis

Measurement Parameters

CSA Group LA Group*

CME SRF PED CME SRF PED

Correlation of simplified measurements (R2) (n � 26) (n � 26) (n � 26) (n � 19) (n � 19) (n � 19)
B-scan count 0.80 0.88 0.70 0.97 0.97 0.39
A-scan count 0.77 0.88 0.70 0.95 0.88 0.07
Maximum height 0.96 0.87 0.32 0.98 0.89 0.43
B-scan count � maximum height 0.95 0.95 0.67 0.99 0.97 0.53
A-scan count � maximum height 0.96 0.96 0.70 0.99 0.98 0.49
Estimated area � maximum height 0.93 0.96 0.81 0.98 0.99 0.52

Correlation of automated measurements (R2)
Cirrus HD-OCT (n � 6) (n � 6) (n � 6) (n � 0) (n � 4) (n � 4)

FCS 0.47 0.01 0.10 — 0.72 0.42
Macular volume 0.08 0.38 0.08 — 0.63 0.34

3D-OCT-1000 (n � 20) (n � 20) (n � 20) (n � 15) (n � 15) (n � 15)
FCS 0.19 0.24 0.17 0.33 0.81 0.26
Macular volume 0.60 0.62 0.16 0.27 0.70 0.72

The coefficient of determination (R2) for each parameter is shown for the CSA group and the LA group separately. The simplified
measurements are listed in the upper half, whereas the automated measurements collected from the OCT devices are shown in the lower half.

* For the longitudinal group measurements are given as change from the previous visit.

TABLE 3. Sensitivity and Specificity Analysis Results

Feature

Measurement Parameters

B-Scan
Count

A-Scan
Count

Maximum
Height

FCS Thickness
(>7 �m)

FCS Thickness
(>100 �m)

Macular
Volume

CME
Sensitivity, % 100.0 100.0 100.0 75.0 0.0 100.0
Specificity, % 100.0 100.0 100.0 18.2 81.8 0.0

SRF
Sensitivity, % 100.0 91.7 100.0 91.7 16.7 100.0
Specificity, % 85.7 66.7 71.4 42.9 100.0 0.0

PED
Sensitivity, % 66.7 100.0 66.7 66.7 0.0 66.7
Specificity, % 56.3 31.3 18.8 25.0 87.5 0.0

CME and SRF*
Sensitivity, % 100.0 100.0 100.0 81.3 12.5 100.0
Specificity, % 66.7 33.3 33.3 33.3 100.0 0.0

The results show that the simplified parameters are both sensitive and specific for a detection of
change in CME or SRF volume. FCS thickness, a parameter used in clinical trials, has a sensitivity of only
81.3% for detecting a change in either intra- or subretinal fluid (CME and SRF), although a cutoff of only
7 �m was used in this analysis.

* CME and SRF were treated as a single feature in this group.
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automated measurements such as MV or FCS. In the interest of
time and efficiency, many clinicians choose the latter option
since these automated machine–derived measurements are
objective, quantitative, somewhat consistent, and can be cal-
culated quickly. On the down side, automated measurements
have higher rates of errors in complex retinal diseases,8–10,15

they do not measure subcomponents such as CME or SRF
independently, they may not reflect sub-RPE changes reliably,
and they may be insensitive to small changes in lesion size.
Although the data in this study suggest a highly significant
correlation between automated MV and SRF volumes (R2 �
0.62), this disappears entirely (R2 � 0.00) when only a single
data pair of 20 is removed. This highlights that this seemingly
significant conclusion is dependent on a single data point and
may not be found in other data sets.

In contrast, reading centers have developed customized
methods to extract more data from SD-OCT scans than are
available to the typical clinician. For instance, some reading
centers perform manual measurements at the foveal center
point, some provide protocol-driven qualitative assessments of
abnormal features, whereas others provide exhaustive manual
grading of every feature in every B-scan. In general, these
processes are either quick with limited data extraction or too

time-consuming to be implemented in clinical practices where
busy clinicians need a quick and reliable measure of progres-
sion.

In this context, we aimed to find a compromise solution that
was accurate enough to be used by reading centers in clinical
trials yet quick enough to be used by busy clinicians. Based on the
assumption that fluid-based features have similar morphologies
between patients (e.g., CME is spherical, whereas SRF and PEDs
are dome-shaped), our hypothesis was that we could use a single
dimension of these lesions to predict the lesion volume with a
high degree of accuracy. We did not include subretinal tissue
(SRT) in this study since we felt that this premise applied only to
fluid-filled lesions and would not extend to SRT since solid tissue
spaces retain their own shape instead of obeying common laws of
fluid dynamics.

By reducing the grading to three basic parameters—A-scan
count, B-scan count, and maximum height—we demonstrated
excellent correlations with our gold-standard lesion volumes,
producing R2 values of up to 0.96 (Table 2). B-scan count and
maximum lesion height are measures that can be easily esti-
mated using software of most manufacturers. In contrast, A-
scan count is more difficult to obtain. In our study, the only
instrument that natively supported A-scan display of SD-OCT
volume data was the Cirrus HD-OCT. Furthermore, the de-
creased transverse resolution and undulating baseline due to
axial motion during acquisition led to decreased reproducibil-
ity and greater time investment in subjective A-scan grading of
these features (� � 0.69). Although PED volumes did not
correlate as well as SRF and CME volumes with the simplified
measures, we attribute this difference to the heterogeneous
morphology of PEDs. Some PEDs were high and dome-shaped,
whereas most showed a highly variable contour with several
peaks. In contrast, both SRF and CME seem to spread out in a
more symmetric regular pattern, thereby enabling more reli-
able modeling of actual volumes. Following this logic, it is
possible that simple measures may correlate better with serous
PED volumes than fibrovascular PED volumes, although this
was not studied in this analysis.

Combinations of at least two parameters such as A-scan
count � B-scan count � Maximum lesion height produced
slightly better correlations. However, the fractional improve-
ments in correlation with these combinations were out-
weighed by a �100% increase in time required to arrive at
these estimations. In addition, incorporation of A-scan counts
with low reproducibility may increase the chance of a spurious
conclusion. Therefore, we do not recommend including A-
scans as a valid parameter for simplified grading at the time
being. Ultimately, split sample analysis demonstrated that mod-
els derived from simple parameters can predict absolute vol-
umes with average relative errors of 20% or less for all tested
features (Table 4).

FIGURE 3. Bland–Altman plots showing the interrater agreement for the one single parameter from simplified grading of each CME (A), SRF (B),
and PED (C) that correlated best with exact volumes. The mean difference between the graders is shown as a dashed line; the boundaries of the
95% limits of agreement are marked by the upper and lower gray lines.

TABLE 4. Relative Errors of Estimated Volume versus
Gold-Standard Volume

Feature

Relative Errors from Models

B-Scan
Count

Maximum
Height

B-Scan Count �
Maximum Height

CME
Group 1 (n � 13) 49.4% 20.4% 23.7%
Group 2 (n � 13) 35.7% 13.7% 16.6%

SRF
Group 1 (n � 13) 22.9% 21.9% 11.8%
Group 2 (n � 13) 22.3% 29.8% 18.6%

PED
Group 1 (n � 13) 29.2% 47.5% 28.4%
Group 2 (n � 13) 15.6% 18.7% 11.8%

Average (n � 26)
CME 42.6% 17.1% 20.2%
SRF 22.6% 25.9% 15.2%
PED 22.4% 33.1% 20.1%

To determine the predictive power of our analysis, we used a
random split sample approach.

Models were built on one group and applied to the other. The
absolute errors of each model were averaged and compared with the
averaged gold-standard volumes of the respective features (CME, SRF,
PED). The resulting relative errors are shown individually for both
groups and as the averaged value of the two.

7796 Heussen et al. IOVS, September 2011, Vol. 52, No. 10



In practice, clinicians may be less interested in calculating
absolute lesion volumes than they are in determining improve-
ment or worsening in a single patient. Therefore, analysis of
the LA data in this study may be more applicable to clinical
practice since these cases were followed over time. The com-
monly used OCT retreatment criteria that attempt to predict
worsening or improvement were proposed by the PrONTO
trial.3,6 In particular, changes in FCS thickness � 100 �m and
visible fluid on OCT in combination with a loss of visual acuity
have been adopted by some clinicians in their practices. In the
24 volume scans of five patients in our study, FCS thickness
correlated with changes only in some features over time. This
is not surprising since significant fluctuations in lesion size may
still be seen well below FCS changes of 100 �m. Furthermore,
changes in FCS are not specific for the underlying reasons for
this change.

In contrast, changes in our simplified grading correlated
better with changes in lesion volumes over time than changes
in MV or FCS. Sensitivity–specificity analysis for categorical
assessments of increased or decreased lesion size also was
superior to MV and FCS measurements for CME and SRF. In this
study, macular volume had a high sensitivity and lower speci-
ficity, whereas FCS was more specific in detection of changes
measured by manual grading. With the exception of PED,
changes in simplified measures of SRF and CME were very
accurate at assessing increases or decreases in lesion volumes.

From a reading center perspective, one crucial advantage of
simplified grading is that the time required to arrive at a
quantitative result is close to manual foveal center measure-
ments, yet achieves accuracies that approach the laborious
methods that take 50 times longer. In fact, the time for simpli-

fied grading may be reduced even further when focusing only
on those parameters with the highest volume-correlation per
feature. Although previous reports have suggested significant
time savings without compromising the measurement accu-
racy by using only a subset of B-scans in a 128 B-scan volume
set, this was established for retinal thickness only and may not
be applicable to the small, more focal features seen in
NVAMD.16

Despite the promising conclusions from this study, it has
several important limitations. The number of visits included in
the analysis is limited due to the tremendous amount of time
required for manual multilayered segmentation of full SD-OCT
volume scans. Therefore, despite achieving statistical signifi-
cance in the study end points, it can be argued that the data set
lacked enough power to prevent a type II error. Permutation
correlation analysis suggests that these data were sufficient
since the same conclusion would have been reached with a
fraction of the data set.

Retrospective selection of cases focusing on scans with
more pathologic features may have introduced a selection bias
into these data. This could be especially problematic if the
morphology of the individual features measured in this study
differs with disease stage. For instance, if SRF has a certain
typical shape on initial presentation that changes as the disease
progresses (and CME or larger PEDs develop), then a selection
bias might result in poor predictions of early SRF volumes. To
our knowledge this difference in morphology has not been
reported in the literature nor has it been noticed by the au-
thors.

Another potential weakness is that we did not differentiate
between treated and untreated eyes nor by the type of treat-

FIGURE 4. Plots show the correlation coefficients (R values) obtained by permutation correlation analysis, with the error bars indicating a range
of 2SDs around the mean on either side. The continuous line represents the minimum Pearson correlation coefficient, with a statistical significance
of P � 0.005 for two-tailed tests. Graph (A) shows the results when correlating automated macular volume and gold-standard volumetric grading of SRF
in the LA group. Graph (B) is equivalent but compares the simplified parameter maximum height with the gold-standard volume. In both graphs
(A and B) the y-axis is broken, as indicated for better readability. Graphs (C and D) compare the same parameters in the CSA group, respectively.
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ment being received. It could be argued that the morphology
of these features might differ between eyes undergoing pri-
mary ranibizumab therapy versus eyes that failed preceding
bevacizumab treatment. However, the similarity in results in
both the longitudinal and cross-sectional groups of our ran-
domly selected sample pool would suggest that our findings
may be more universally applicable without a noticeable bias
toward individual treatment status.

Finally, only two different SD-OCT devices and one scan
protocol were evaluated in this study. Even though the scan
protocol is the most commonly used protocol in clinical prac-
tice and clinical trials, it still cannot be assumed that these
conclusions apply to other machines, especially those that use
radically different scan sequences. Similarly, none of the de-
vices evaluated used an eye-tracking mechanism. It is plausible
that the correlation of automated measures in both cross-
sectional and longitudinal settings may be improved by eye
tracking, although we do not expect these differences to sig-
nificantly change the correlation values we found.

In conclusion, simplified estimates for fluid volumes in
NVAMD in this study were excellent predictors of actual fluid
volumes as well as longitudinal changes in fluid volumes. Since
these methods are quick and accessible to users of most SD-
OCT devices, they may be viable alternatives for clinicians to
use to obtain basic quantitative information without the need
for manual segmentation or specialized grading software.
Moreover, since these same methods could readily be adopted
by reading centers, it is also possible that these measures could
help bridge the methodologic gap that may exist between
clinical trials and clinical practice.
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