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PURPOSE. To determine whether a novel automatic segmentation program, the Duke Optical
Coherence Tomography Retinal Analysis Program (DOCTRAP), can be applied to spectral-
domain optical coherence tomography (SD-OCT) images obtained from different commer-
cially available SD-OCT in eyes with diabetic macular edema (DME).

METHODS. A novel segmentation framework was used to segment the retina, inner retinal
pigment epithelium, and Bruch’s membrane on images from eyes with DME acquired by one
of two SD-OCT systems, Spectralis or Cirrus high definition (HD)-OCT. Thickness data
obtained by the DOCTRAP software were compared with those produced by Spectralis and
Cirrus. Measurement agreement and its dependence were assessed using intraclass
correlation (ICC).

RESULTS. A total of 40 SD-OCT scans from 20 subjects for each machine were included in the
analysis. Spectralis: the mean thickness in the 1-mm central area determined by DOCTRAP
and Spectralis was 463.8 6 107.5 lm and 467.0 6 108.1 lm, respectively (ICC, 0.999). There
was also a high level agreement in surrounding areas (out to 3 mm). Cirrus: the mean
thickness in the 1-mm central area was 440.8 6 183.4 lm and 442.7 6 182.4 lm by
DOCTRAP and Cirrus, respectively (ICC, 0.999). The thickness agreement in surrounding
areas (out to 3 mm) was more variable due to Cirrus segmentation errors in one subject (ICC,
0.734–0.999). After manual correction of the errors, there was a high level of thickness
agreement in surrounding areas (ICC, 0.997–1.000).

CONCLUSIONS. The DOCTRAP may be useful to compare retinal thicknesses in eyes with DME
across OCT platforms.

Keywords: diabetic macular edema (DME), spectral-domain optical coherence tomography
(SD-OCT), segmentation

Diabetic macular edema (DME) is the primary cause of
decreased visual acuity in eyes with diabetic retinopathy

and is the main cause of blindness in working age individuals.1

The Early Treatment of Diabetic Retinopathy Study (ETDRS)
found that clinically significant macular edema (CSME) led to
moderate visual loss in 25% of patients within 3 years, and that
grid or focal laser photocoagulation reduced the risk.2 Recently,
it has been shown that intravitreal corticosteroid and anti-
vascular endothelial growth factor injections with focal laser
photocoagulation improve visual acuity in individuals with
DME.3 To effectively manage these patients, it is essential to
monitor macular edema on an ongoing basis.

Optical coherence tomography (OCT) is a noninvasive
imaging technique for obtaining high-resolution cross-sectional
images of the retina and has been widely used to monitor
changes in retinal thickness and morphology in eyes with
DME.4 Accurate measurement of retinal layer thickness
depends on well-resolved images obtained by the OCT system
and accurate segmentation of retinal boundaries by the OCT

instrument’s analysis software. Currently, many types of OCT
systems are used clinically, including the Stratus time domain
OCT (TD-OCT) system (Carl Zeiss Meditec, Dublin, CA) as well
as spectral-domain OCT (SD-OCT) systems such as the Cirrus
HD-OCT (Carl Zeiss Meditec) and Spectralis (Heidelberg
Engineering, Heidelberg, Germany) systems. Although each
OCT system possesses its own intrinsic software to segment
the retina, each OCT system’s software segmentation algorithm
uses a different reference line to identify the outer retinal
boundary.5–8

Retinal thickness measurement differences produced by
different OCT software algorithms are important and can
adversely affect the interpretation of DME retinal thickness
changes in response to therapy when applied to clinical
practice and trial outcomes. For example, in DME multicenter
clinical trials, it is not possible to directly compare retinal
thicknesses among eyes in which thickness measurements have
been obtained by different systems. In the clinic, it may be
difficult to assess retinal thickness changes when a patient has
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been referred from an outside practitioner’s office where
retinal thickness was determined on a different OCT system. If
the outer retinal segmentation line is adjusted manually by the
OCT system’s software to a common outer retinal boundary,
then these difficulties can be obviated. However, this approach
is slow and inefficient for clinical trials and may not be
practical in the clinic.

In the present study, a fully automatic segmentation program,
the Duke Optical Coherence Tomography Retinal Analysis
Program (DOCTRAP) software, was used to segment the retina,
RPE, and Bruch’s membrane and to calculate retinal thickness
on images acquired from eyes with DME by two different SD-
OCT systems (Cirrus and Spectralis). We also assessed whether
the automatically generated retinal layer thickness values
produced by DOCTRAP match corresponding values attained
by automatic and manually corrected semi-automatic segmenta-
tion using the Spectralis and Cirrus native software.

METHODS

Study Dataset

SD-OCT images of eyes from subjects with DME enrolled in a
randomized prospective DME clinical trial were evaluated. The
Duke University Review Board approved this study, which
adhered to the tenets of the Declaration of Helsinki. Informed
consent was obtained from all participants.

Volumetric scans were acquired using two SD-OCT imaging
systems, Spectralis with Spectralis Viewing Module (Version
5.3.0.15) and Cirrus HD-OCT with review software (Version
5.2.0.210). For images obtained by Spectralis SD-OCT, a custom
208 3 208 volume acquisition protocol was used to obtain one
set of high-speed scans from each eye. With this protocol, 49
cross-sectional B-scan images were obtained, each composed
of 512 A-scans. For images obtained by Cirrus HD-OCT, the 512
3 128 Macular Cube scan protocol was used. With this
protocol, 128 cross-sectional B-scan images were obtained,
each composed of 512 A-scans.

A Duke Reading Center–certified reader determined scan
quality. Readers classified image quality as high or low based on
our previously published criteria.9 For example, images that
were well saturated, well resolved, and free of artifacts were
deemed high quality; images with low resolution, low
saturation, or with artifacts produced by eye motion or loss
of fixation were denoted low-quality images. We then
randomly selected 40 subjects (20 imaged by Spectralis and
20 imaged by Cirrus) with high-quality images to validate the
segmentation algorithm.

FIGURE 1. (A) Unaltered Spectralis SD-OCT segmentation of the retina/RPE (lines at ILM and outer RPE/Bruch’s membrane). (B) Outer
segmentation line moved by the reader to the inner RPE border to isolate the retina. (C) Unaltered Cirrus SD-OCT segmentation of the inner retina
(lines at the ILM and a region just external to the inner RPE). (D) Outer segmentation line moved by the reader to the outer RPE/Bruch’s membrane
to isolate the retina/RPE.

FIGURE 2. Unaltered Spectralis (A) and Cirrus (B) SD-OCT thickness
maps before ETDRS grid adjustment (C, D).
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Guidelines for Retinal Layer Identification on
Images With DME

Prior to any manual segmentation and algorithm development,
we constructed a set of qualitative guidelines based on
previous literature, expertise from the Duke Reading Center,
and representative images to identify layer boundaries on
images with DME. These guidelines were established to
maintain a consistent and unbiased interpretation of each
retinal boundary and are as follows:

1. The retina/RPE thickness was defined as the region of
tissue between the inner limiting membrane (ILM) and
the outer RPE boundary for both Spectralis and Cirrus
images (Figs. 1A, 1D);

2. On images acquired by Spectralis, the retinal thickness
was defined as the region of tissue between the ILM and
the inner RPE boundary (Fig. 1B); and

3. On images acquired by Cirrus, the retinal thickness was
defined as the region of tissue between the ILM and a
position just external to the inner RPE boundary. This
definition was used because the Cirrus software
segments the outer boundary at this location rather
than at the inner RPE boundary (Fig. 1C).

Automatic Segmentation and Manual Correction
by Commercial Software

Using the automatic software algorithms corresponding to
each OCT system, the Spectralis system segmented the retina/
RPE, and the Cirrus system segmented the retina (Figs. 1A, 1C).
Both systems generated topographic surface maps for each

patient as defined by the ETDRS. In cases where the image was
not centered within the grid, the grid was moved manually
with the system software to center the images (Fig. 2). Based
on automatic segmentation, the Spectralis software determined
average retina/RPE thickness measurements, and the Cirrus
software calculated retinal thickness values, for each of five
ETDRS grid map sectors: the center 1 mm, and the superior,
inferior, nasal, and temporal sectors extending 3 mm from the
center of the ETDRS map.

To correct for errors in the Spectralis and Cirrus software
segmentation, a Duke Reading Center–certified reader manu-
ally adjusted retinal layer boundary positions using the
respective system’s software. Using the manually corrected
segmentation, thickness measurements were redetermined.

The outer segmentation lines were also manually adjusted
by readers to the inner aspect of the RPE on Spectralis and to
the outer aspect of the RPE/Bruch’s membrane on Cirrus to
provide thickness data that could be compared with the
DOCTRAP fully automatic software, using two different
common reference boundaries (Figs. 1B, 1D).

Automatic Segmentation by DOCTRAP Software

All 49 B-scans from each subject imaged on the Spectralis
system were exported as bitmap files, and all 128 B-scans from
each subject imaged on the Cirrus system were exported as
IMG files. Cirrus IMG files were then converted to bitmap files
using MATLAB (Mathworks, Natick, MA). We then used the
DOCTRAP automatic segmentation software to segment the
ILM and the inner and outer RPE boundaries on the bitmap
images. Unlike the commercial software segmentation results,
no manual correction was performed to alter the fully
automatic lines output by DOCTRAP.

FIGURE 3. Automatic segmentation flow chart to segment Spectralis and Cirrus SD-OCT images of eyes with DME.

FIGURE 4. Automatic segmentation results. (A, B) DOCTRAP segmentation of a (C) Spectralis and a (D) Cirrus image.
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Our new three-retinal layer boundary segmentation algo-
rithm for SD-OCT images with DME was developed based on
the generalized graph theory and dynamic programming
framework that we previously introduced for a normal retina
and eyes with drusen and geographic atrophy secondary to
nonneovascular AMD.9,10 In these previous publications,
images were acquired by the Bioptigen SD-OCT system
(Bioptigen, Inc., Research Triangle Park, NC). An outline of
the new algorithm flow is shown in Figure 3, and the key
components needed to adapt this method for Spectralis and
Cirrus images of eyes with macular edema are described below.
In this study, the same DOCTRAP implementation and
corresponding parameters were used for all SD-OCT images
captured with a given SD-OCT system, Cirrus or Spectralis.

First, instead of flattening the retinal structures based on
the convex hull of the estimated inner retinal pigment
epithelium and drusen complex (RPEDC) boundary,9,10 the
image was flattened based on a pilot estimate of Bruch’s
membrane. We fitted the pilot estimate of Bruch’s membrane
to both a second- and third-order polynomial, and the
polynomial with the lower norm of residuals was used to
flatten the image. Second, the graph weights were changed; we
segmented Bruch’s membrane using a combination of gradient,
intensity, and distance weights, and the inner RPE was
segmented using only gradient weights. These weights were
fixed for all images of all patients captured by both the
Spectralis and Cirrus systems. Third, we utilized the lateral
(horizontal) and axial (vertical) pixel resolutions imported
from the Spectralis and Cirrus systems so that the algorithm
could segment images of any resolution. This allowed us to
apply the exact same algorithm to segment both Spectralis and
Cirrus images.

Comparison of DOCTRAP and Commercial
Software Segmentation

To demonstrate that the automatic DOCTRAP software was
able to accurately match the segmentation output by both the
Spectralis and Cirrus software, we compared the following for
all patients:

1. Average retina/RPE thickness generated automatically by
DOCTRAP and Spectralis (with and without manual
correction of Spectralis segmentation lines);

2. Average retinal thickness generated automatically by
DOCTRAP and semi-automatically (manual placement of
the inner RPE boundary) by Spectralis;

3. Average retinal thickness generated automatically by
DOCTRAP and Cirrus (with and without manual
correction of Cirrus segmentation lines); and

4. Average retina/RPE thickness generated automatically
by DOCTRAP and semi-automatically (manual place-
ment of the outer RPE/Bruch’s membrane boundary)
by Cirrus.

We reported these average thickness values for five of nine
ETDRS sectors, including the center 1 mm and the superior,
temporal, inferior, and nasal areas within the inner circle.

This analysis revealed that there was a constant offset in the
position of the segmented inner and outer RPE boundaries
when comparing DOCTRAP with the Spectralis and Cirrus
software. To adjust for these differences, the DOCTRAP inner
RPE line was adjusted 1 pixel externally and the DOCTRAP
outer RPE line was adjusted 1 pixel internally to correspond to
the segmentation lines placed by the Spectralis software.
Similarly, when comparing the DOCTRAP segmentation lines
with those placed by the Cirrus software, we adjusted theT
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DOCTRAP inner RPE line 5 pixels externally and we adjusted
the DOCTRAP outer RPE line 1 pixel externally.

Statistical Analysis

Statistical analysis was performed using JMP 9.0.0 (SAS
Institute, Cary, NC) and IBM SPSS Statistics 20 (SPSS, Inc.,
Chicago, IL). The intraclass correlation (ICC) was used to
determine agreement between retinal thickness measurements
obtained by DOCTRAP and Spectralis software, and between
DOCTRAP and Cirrus software. Bland-Altman plots with 95%
limits of agreement for each comparison were determined to
evaluate whether differences in thickness measurements in the
different regions depended on the magnitude of the measured
thickness.

RESULTS

Spectralis

Automatic segmentation by DOCTRAP and Spectralis software
is shown in Figures 4A and 4C. The retina/RPE thickness
measurements determined automatically by DOCTRAP, auto-
matically by Spectralis software, and by Spectralis software
with manual correction were all very similar to one another.
Tables 1 and 2 show the mean retina/RPE thickness for the 1-
mm diameter central foveal area and the surrounding
innermost superior, nasal, inferior, and temporal regions on
the ETDRS grid. The mean retina/RPE thickness of the 1-mm
diameter central foveal subfield was 463.8 6 107.5 lm, 467.0
6 108.1 lm, and 467.2 6 109.3 lm as determined by the
DOCTRAP automatic segmentation software, Spectralis auto-
matic segmentation software, and Spectralis software with
manual correction, respectively. There was also a high degree
of agreement for the mean thickness in the surrounding
quadrants determined by both software products (Table 1).

We next determined mean retinal thickness measurements
after repositioning the outer Spectralis segmentation line to the
inner aspect of the RPE. With this segmentation line
placement, the mean 1-mm diameter central foveal subfield
retinal thickness determined by DOCTRAP and Spectralis
software also agreed with one another; the mean paired
difference was�2.02 6 1.35 lm (ICC, 0.998). There was also
good agreement for the mean retinal thickness in the
surrounding superior, nasal, inferior, and temporal quadrants
(Table 2).

Cirrus

Automatic segmentation by DOCTRAP and Cirrus software is
shown in Figures 4B and 4D. The retinal thickness measure-
ments determined automatically by DOCTRAP, automatically
by Cirrus software, and by Cirrus software with manual
correction were all very similar to one another. The mean 1-
mm diameter central foveal subfield retinal thickness was
440.8 6 183.4 lm, 442.7 6 182.4 lm, and 442.5 6 182.9 lm
as determined by the DOCTRAP automatic segmentation
software, Cirrus automatic segmentation software, and Cirrus
software with manual correction, respectively. Furthermore,
the mean retinal thicknesses of the regions surrounding the
central subfield out to 3 mm were all similar to one another
except for the superior region, which was more variable (ICC
for all regions except the superior region, 0.993–0.999). In the
superior region, the average difference between the automatic
Cirrus measurements and automatic DOCTRAP measurements
was 19.47 lm (ICC, 0.734) (Table 3).

We next determined mean retina/RPE thickness measure-
ments after repositioning the outer Cirrus segmentation line to
the outer RPE/Bruch’s membrane. With this segmentation line
placement, the mean 1-mm diameter central foveal subfield
retina/RPE thickness determined by DOCTRAP and Cirrus
software was comparable clinically. The mean paired differ-
ence was�4.05 6 1.45 lm (ICC, 0.999). There was also good
agreement for the mean retina/RPE thickness in the surround-
ing superior, nasal, inferior, and temporal quadrants (ICC,
0.996–0.999; Table 4).

DISCUSSION

In the present report, we have shown that the DOCTRAP
automatic segmentation software can readily import universal
image files (bitmap images) exported from two different SD-
OCT systems and can identify specific inner and outer retinal
layer boundaries in the central subfield and surrounding
regions in eyes with DME. From the segmentation lines placed
on these boundaries, retina/RPE and retinal thickness mea-
surements were calculated automatically with this novel
software. These measurements agreed well with those
determined by commercially available software from two
different manufacturers. Furthermore, there were no repro-
ducible systematic thickness differences as a function of retinal
thickness magnitude.

TABLE 4. Mean Retina/RPE Thickness Determined by DOCTRAP Automatic Software and Cirrus Semi-Automatic Software (Manual Placement of
Outer RPE/Bruch’s Membrane Boundary)

Outer Retina

Mean Thickness, lm

DOCTRAP Automatic Software vs.

Cirrus Semi-Automatic Software

DOCTRAP

Automatic

Software,

Mean 6 SD*

Cirrus

Semi-Automatic

Software,

Mean 6 SD*

Mean Paired

Difference,

Mean 6 SE ICC (95% CI)

95% Limits of

Agreement

1-mm diameter central foveal area 459.0 6 183.8 463 6 184.8 �4.05 6 1.45 0.999 (0.998–1.000) �7.08 to �1.01

Surrounding area, out to 3 mm

Superior 428.9 6 143.5 428.9 6 140.6 0.00 6 1.72 0.999 (0.996–0.999) �3.61 to 1.72

Nasal 428.1 6 131.7 428.3 6 127.9 �0.19 6 2.61 0.996 (0.990–0.998) �5.66 to 5.28

Inferior 423.2 6 148.8 420.8 6 141.2 2.44 6 2.86 0.996 (0.990–0.998) �3.56 to 8.43

Temporal 434.4 6 171.0 435.0 6 168.2 �0.62 6 1.74 0.999 (0.997–1.000) �4.26 to 3.03

* n ¼ 20.
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The thickness measurements were similar for all DOCTRAP
and Spectralis and all DOCTRAP and Cirrus software compar-
isons, with the exception of the superior region surrounding
the central subfield in the DOCTRAP–Cirrus retinal thickness
comparison. This difference in the superior subfield was likely
caused by significant errors in the Cirrus automated segmen-
tation for one of the subjects (Fig. 5), as after manual
correction of these errors, the mean retinal thicknesses
determined by DOCTRAP and Cirrus software were nearly
identical (ICC, 0.999; Table 3).

We, and others, have previously published the SD-OCT
segmentation artifact rates in eyes with a variety of diseases,
including those with diabetic macular edema. In this study, we
randomly selected high-quality images for analysis to validate
the segmentation algorithm. Accordingly, fewer segmentation
line algorithm failures were observed than what would

typically be seen in practice (with the exception of the error
observed in one patient and illustrated in Fig. 5). In the future,
it will be valuable to compare segmentation error rates in
DOCTRAP with those produced by commercially available
software. To conduct an appropriately detailed segmentation-
error analysis is beyond the current study scope but is the
subject of work currently in progress at our institution.

We specifically analyzed eyes with DME in this study;
however, macular edema caused by other diseases such as
retinal vein occlusion, uveitis, and neovascular AMD can also
be assessed quantitatively with OCT11; thus we anticipate that
our automatic software will be similarly useful in determining
retinal thickness in eyes with other macular edema–related
conditions. It will be of interest to apply our DOCTRAP
segmentation analysis to eyes with macular edema from these
various conditions.

In our previous studies, we showed that the DOCTRAP
segmentation software could automatically segment the ILM,
retinal nerve fiber layer, ganglion cell complex, external
limiting membrane, inner segment/outer segment (IS/OS)
junction, inner RPE, and Bruch’s membrane in normal eyes
and in eyes with dry AMD.9,10,12 In the present report, we used
DOCTRAP to automatically segment the ILM and the inner and
outer RPE boundaries to calculate the mean retina/RPE and
retinal thickness in each ETDRS grid area in eyes with DME.
Thickness abnormalities of the retinal nerve fiber layer and
ganglion cell complex have been associated with visual
function deficits in eyes with optic neuropathies such as optic
neuritis, while abnormal external membrane and ellipsoid zone
integrity, as well as abnormal thickness in the outer nuclear
complex layer, have been associated with decreased visual
acuity. An assessment of these layers in eyes with pathology is
beyond the current scope of our study. However, studies to
assess these boundary layers in eyes with diabetic macular
edema and other retinal diseases are currently underway at our
Reading Center.

This study has limitations. We selected relatively high-
quality images, which facilitated the identification of retinal
boundaries. In a clinical setting, factors may decrease the
ability to identify layer boundaries. For example, media opacity
or patient eye movement could degrade images and compro-
mise the automatic segmentation accuracy.5,13,14 The relative
ability of our automatic software and the commercially
available software to segment boundaries under these adverse
conditions remains to be determined. Another limitation is that
different patients were imaged on different systems. We are
now collecting data whereby the same subject is imaged on
both systems during the same imaging session so that we may
directly compare thickness measurements obtained by the two
different systems.

Analysis of retina/RPE and retinal thickness was determined
for eyes with DME using images obtained by two commonly
used OCT systems, Spectralis and Cirrus. The performance of
our DOCTRAP software on other SD-OCT systems is not yet
known. Regardless, the results which show a high degree of
agreement for thickness determined by commercial software
and by DOCTRAP software, when applied to different common
outer layer boundary lines, are encouraging; these data suggest
that DOCTRAP software may be useful to compare retinal
thickness in eyes with DME across OCT platforms in the clinic
and in interventional and natural history trials.
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FIGURE 5. An example segmentation error produced by the Cirrus
software. (A) Erroneous outer segmentation line results in an
erroneous mean retinal thickness measurement of 473 lm in superior
surrounding area. (B) Accurate outer segmentation line after manual
correction results in a mean retinal thickness of 873 lm. (C) Accurate
outer segmentation line placed automatically by DOCTRAP software.
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