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Abstract
Purpose Spectral-domain optical coherence tomographies
(OCTs) from different companies do not give identical retinal
thicknesses. The purpose of this study was to evaluate if dif-
ferences in thickness when using a spectral domain Cirrus
OCT or a Heidelberg Spectralis are due to hardware differ-
ences, or if they are caused by the segmentation algorithms.
Methods Thirty-seven healthy eyes were examined within the
same session with a Cirrus OCT and a Spectralis OCT, the
latter using averaged B-scans. Scans from similar positions
and passing the fovea were analyzed by custom-made soft-
ware. Thickness was analyzed at the fovea, the central 1-mm
line and the 6-mm line.
Results When Cirrus and Spectralis scans were analyzed with
the same software, the retinal thickness at the foveal center
was 225.92 μm (SD 17.0) using the Cirrus and 228.70 μm
(SD 18.4) using the Spectralis; the difference of 2.78 μm was
not significant (p=0.055). For the central 1 mm, the difference
was 1.78 μm (p=0.0414), and for all points out to 6 mm, the
Spectralis retinal thickness was also significantly larger than
the Cirrus thickness (p=0.0052), though the mean difference
was only 1.85 μm. Also for the RPE_OScomplex, Spectralis
measured a greater thickness than did Cirrus, with a mean of
3.32 μm (p<0.0001) for all points.

Conclusion The retinal thicknesses from the Cirrus and from
the Spectralis differed by 14 μmwith the standard software of
the instruments, and by less than 3 μmwhen analyzedwith the
same custom-made software, indicating that the major differ-
ences between the two SD-OCTsystems are due to differences
in their built-in software algorithms.

Keywords OCT . Spectral domain . Retinal thickness .

Outer segments . Segmentation

Introduction

Optical coherence tomography (OCT) is used for the
quantification of retinal thickness in a large number of
retinal diseases, and the present technology is based on
a spectral domain detection system, illumination at 840 to
870 nm and scanning speeds in the range of 20–50,000 A-
scans/sec. The resolution of ophthalmic OCT is typically
around 5–7 μm in the axial direction and 10 μm in the
lateral dimension [1, 2]. The measurement of retinal thick-
ness is considered a reliable and reproducible measure-
ment in healthy subjects [3], and is used in daily clinics
for a large number of retinal diseases with severe pathol-
ogy, with some decrease in reproducibility [4].

Many OCT devices are available and the instruments often
differ in the software algorithms used for segmentation, lead-
ing to considerable differences in the nominal retinal thickness
[1–7]. The inner border is chosen uniformly to the
vitreoretinal surface, which is well defined with an abrupt
change in reflectance for the nearly optically empty vitreous
body to the reflecting inner limiting membrane and retinal
nerve fiber layer surface of the retina. The discrepancies be-
tween the inbuilt software systems are particularly due to dif-
ferent definitions of the outer retinal border, which is defined
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anywhere between the junction between inner and outer seg-
ments to the posterior part of the retinal pigment epithelium
and Bruch’s membrane complex surface.

In previous time domain OCTs, the Stratus OCT used
the junction between inner and outer segments as the outer
border. This definition was probably chosen because this
line is the first highly reflecting line in the neuroretina,
apart from the vitreoretinal surface. The segmentation is
not ideal as a measurement of retinal thickness, as the outer
segments, and therefore a part of the neuroretina, were
excluded. For spectral domain instruments, the definitions
have changed, and Cirrus HD OCT defines the outer bor-
der at the level of interdigitation between outer segments
and the retinal pigment epithelium (RPE) following the
anatomical concept of the outer border of the neuroretina
[4, 8]. In an OCT image, the junction is represented by a
second hyper-reflective band beneath the junction of the
inner and outer segments, and this second line is most
clearly visible in the foveal area. The Heidelberg Spectralis
system has chosen the posterior part of the third hyper-
reflective band from the OCT, corresponding to the level
of the RPE—Bruch’s membrane complex (RPEouter) [4, 9].
An advantage of this definition is the clear distinction of
the underlying choriocapillaris layer, which appears less
reflective, partly due to absorption in the overlying RPE.
The measured retinal thicknesses for healthy subjects are
therefore dependent on the instrument and the applied def-
initions for segmentation. Using the program 3D-OCTOR,
Heussen et al. [10] compared the thickness for the foveal
retinal thickness (FRT) with a manual segmentation and
found only small differences between SD instruments.
The outer border in the study was the interdigitation of
the outer segments and the RPE; however, this line is lo-
cated between two highly reflecting lines (IS/OS and RPE)
and is more difficult to visualize, in particular outside the
fovea.

The posterior border is a high contrast border and defines
the outermost part of the retinal epithelium—Bruch’s mem-
brane complex (RPEouter). The objective of the present study
is to compare retinal thicknesses of the Cirrus and Heidelberg
Spectralis OCTs using the RPEouter both for the foveal center
and perifoveal points, using a semi-automatic segmentation
method. In addition, the thickness of the RPE_OScomplex has
been analyzed.

The small thicknesses of the outer segments are not calcu-
lated in any of the standard software accompanying the hard-
ware. For a robust measurement of the outer retina, the new
software also measures the distance from the junction of inner
and outer segments to the RPEou t e r, te rmed the
RPE_OScomplex, including the outer photoreceptor segments
as a major part. The RPE_OScomplex has previously been
shown to be predictive of visual acuity after macular hole
surgery [11].

Materials and methods

Subjects

Thirty-seven eyes in 37 patients were included in the study.
The patients were a subset of patients enrolled in a clinical
study of epiretinal membrane aiming to determine the effect of
early surgery on this condition, where the innermost part of
the inner limiting membrane is thickened (ClinicalTrials.gov:
NCT00902629). The original study included 113 patients, and
no pathology was apparent in 64 eyes [12]. The clinical ex-
amination included visual acuity measured with standardized
early treatment diabetic retinopathy study (ETDRS) charts,
ophthalmological examination and OCT. The decision of
healthy conditions was based on a clinical evaluation of the
patient by one of the authors (MK) and the absence of subjec-
tive visual complaints.

OCT procedure

For the present analysis, the selection was based on the pres-
ence of high quality scans from both the Cirrus OCT (Carl
Zeiss Meditec Inc., Dublin, CA) and Heidelberg Spectralis
(Heidelberg Engineering Inc., Heidelberg, Germany) from
the same visit and with comparable positions. The position
and centering of the scans are critical for the calculated thick-
nesses, and all scans were evaluated by two of the authors
(HAA,BS) and excluded in case of different positions. Ac-
cordingly, for all eyes included, the scans were centered on
the fovea with absence of inner retinal layers. A total of 54
patients were available with scans recorded at the same day on
both OCT machines; 16 were excluded due to differences in
position. The recommended threshold for signal quality is a
signal strength of 6 on the Cirrus and a quality of 15 on the
Heidelberg instrument, and one eye was excluded due to low
signal strength on the Cirrus and poor definition of the fovea,
leaving 37 eyes for the study [13].

The scanning protocol for the Cirrus OCT consisted of the
standard five-line protocol, with a nominal scanning length of
6 mm (512 A-scans) without averaging, while the protocol for
the Heidelberg Spectralis was a horizontal line of 30 degrees
(768 A-scans, 8.7 mm) and the averaging of 100 raw B-scans.
The individual scanning length from each Heidelberg exami-
nation was obtained from the image header information. All
scans were performed by trained staff (MK and HAA) after
dilatation.

Segmentation

Custom image segmenting software and quantification were
implemented to ensure that the retinal thicknesses were calcu-
lated in the same manner for both the Cirrus and Heidelberg.
The segmentation lines were automatically obtained using a
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so-called shortest path algorithm based on dynamic program-
ming, as described in [14, 15].

Initially, the B-scan is aligned horizontally by maximizing
the intensity correlation between neighboring A-scans. A
rough estimate of the location of the center of the RPE layer
is obtained by picking the image rowwith the highest intensity
sum, since the RPE layer is hyper-reflective. Next an im-
proved estimate of the center of the RPE is obtained by cal-
culating the Bshortest path^ in the negated B-scan (i.e. the
hyper-reflective areas become dark) in a narrow vertical re-
gion around the centerline. The length of the path is given by
the sum of the pixel values along the path. The top of the IS/
OS layer is found by calculating the Bshortest path^ across the
negated vertical gradient image obtained from the initial B-
scan, and by searching above the calculated centerline. The
bottom of the RPE layer is found by calculating the Bshortest
path^ across the negated vertical gradient image obtained
from the initial B-scan, and by searching below the calculated
centerline. The innermost border of the retina towards the
vitreous is found by searching a negated vertical gradient im-
age of the OCT scan above the detected IS/OS RPE layer.

In a few cases, the automated segmentation would produce
some erroneous segmentation. In these cases, the user was
allowed to click on specific points of the Btrue^ segmentation
curves to guide the shortest path algorithm.

The automated segmentation lines were calculated by the
software and were thereafter manually inspected. Misalign-
ments were corrected by the interactive procedure. Two thick-
ness measurements were evaluated: the retinal thickness, de-
fined as the distance from the innermost border of the retina
towards the vitreous, as is the standard with all OCTsoftware,
and for the outer border, the RPEouter, i.e. the retinal pigment
epithelium—Bruch’s membrane complex was chosen, due to
the marked transition in reflectance at this border (Fig. 1). As a
second outcome, the thickness of the RPE_OScomplex was cal-
culated. This layer includes the retinal pigment epithelium, the
relatively low reflecting transition zone to the outer segments,
the outer segments and the inner segmentation line at the in-
terdigitation of outer and inner segments. This line seems to
reflect the ellipsoid of the photoreceptor cells, with a large
number of mitochondria assumed to be the origin of the high
reflectance of this layer [16].

Retinal thickness was measured in the foveal center (cen-
tral point thickness, CPT) and for the central 1-mm line cross-
ing the fovea with a 0.5 mm distance to both the nasal and the
temporal side, and for all points up to 3 mm from the fovea,
i.e., a total nominal diameter of 6 mm. For the Cirrus OCT, the
3-mm point was not always available both nasally and tempo-
rally, as this needs perfect centering of the scan on the fovea.
In total, 31 points were missing, approximately half on each
side.

For comparison to the built-in software calculations, the
central subfield (CSF), i.e., the mean thickness of the central

circle that is 1 mm in diameter, was obtained from both instru-
ments using the relevant mapping protocol. With the Cirrus,
the mapping protocol was a 6-mm map with 128 raster lines,
each with 512 A-scans; and with the Heidelberg Spectralis, it
was a 20-degree map, (512 A-scans, 6.2*6.2 mm) 49 B-scans,
each based on ten averages. In addition, the central point
thickness was obtained from the Spectralis software.

For the patients included in the study, repeated measure-
ments were available for a subset of patients (n=12, time
between measurements = 3 months), and these data were an-
alyzed to evaluate repeatability.

The study was approved by the regional ethical committee
of the capital region of Copenhagen, Denmark, and informed
consent was obtained for all patients.

Statistical analysis

The thickness data were summarized as means and standard
deviations (SD). Paired t tests were used for comparison of
retinal and outer layer thickness of the different OCT equip-
ment and software programs. Data were analyzed for the fo-
veal center, the 1-mm central line, using the points 0.5 mm
nasal to fovea, foveal center and 0.5 mm temporal (corre-
sponding to the 1-mm wide CSF area). Also, data was ana-
lyzed for all points for the 6-mm line, from 3 mm nasal to
3 mm temporal. Due to the paired analysis, data for the 3-mm
point on Heidelberg were omitted from tables and calculations
for the 31 points where Cirrus data was not available. The
analysis of all points on the 6-mm line was adjusted for

Fig. 1 Illustration of the segmentation lines of the third-party software.
The left panel is based onCirrus, the right panel onHeidelberg Spectralis.
Top image: 6-mm horisontal OCT scan from of a healthy eye. The pos-
terior hyaloid is detached both temporal and nasally to the fovea; this does
not disturb the segmentation algorithm.Middle: The segmentation of the
inner retina (the vitreo-retinal surface) and the outer retina (the RPEouter);
these lines are used for calculation of the retinal thickness.Bottom: For the
thickness of the outer retina (the RPE_OScomplex), the innermost line is
defined at the level of the inner and outer segment junction (IS/OS) and
the outer line is unchanged. As the Heidelberg Spectralis is based on
averaged images, the contrast is higher
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multiple measurements using a mixed model, with the differ-
ences between the Cirrus and Heidelberg as dependent vari-
ables and a repeat statement for the measurement points along
the 6-mm line. For correlations, Pearson’s r value was applied
and a regression model was used to calculate the transforma-
tion of Cirrus data to the definition used by the custom-made
software. Bland-Altman plots were included in the analysis.

For repeatability (intra-device), the mean absolute differ-
ence was calculated, as was the Bland-Altman coefficient of
repeatability (expressed in % of the mean thickness). Calcu-
lations were performed using SAS statistical software (SAS
version 9.3., SAS Institute Inc., Cary, NC, U.S.A.). A p value
< 0.05 was considered significant.

Results

Thirty-seven patients were included in the study, with a mean
age of 67.74 years (range 54 to 77); 15 were male and 22
females. The mean visual acuity was 86.59 ETDRS letter
(range 77 to 96), which is equivalent to a Snellen acuity of
20/20. The central subfield thickness (CSF) with the inbuilt
standard software was 269.83μm (SD 21.5) for the Cirrus and
284.08 μm (20.45) for the Heidelberg Spectralis. This differ-
ence of 14.25 μm was significantly different (p<0.0001) as
expected due to the different definition of the standard
software.

Initially, our software algorithm was compared to the stan-
dard software available from the Heidelberg Spectralis, as the
definitions of segmenting layers are similar. The foveal center
point is the minimal thickness of the line scan, and was found
to be 228.01 μm (SD 17.47) when obtained from the standard
software, and to be 228.70 μm (SD 18.42) from custom-made
software. The difference was not significant (p=0.17) and the
correlation was linear with a Pearson correlation coefficient of
0.99 (p<0.0001).

Foveal center: Using the same third-party software for both
instruments, the foveal point thickness was calculated to be

225.92 μm (17.02) for the Cirrus and 228.70 μm (SD18.42)
for the Heidelberg. The difference was just outside signifi-
cance at the 5 % level (p=0.055, Table 1), and the correlation
was linear with Pearson’s r=0.85 (p< 0.0001). For the central
point thickness of the RPE_OScomplex, a significant difference
was found for the foveal point, as the thickness was 76.05 μm
(SD 6.11) with the Cirrus and 78.49 μm (SD 5.00) with the
Heidelberg (p=0.0136, see Table 2). The correlation between
the Cirrus and the Heidelberg for the RPE_OScomplex was 0.52
(p=0.0021).

Central 1 mm: When data were analyzed for the 1-mm
central part of the scan, the thickness from the Heidel-
berg OCT was 1.78 um larger than that from the Cirrus
HD OCT, and the difference was significant (p=0.0414).
For the RPE_OScomplex, the difference was 3.25, and
again that of the Heidelberg Spectralis was thicker than
that of the Cirrus, and the difference was significant
(p<0.0001).

All points: Calculated for all points of the 6-mm scan, the
mean difference in retinal thickness was 1.85 μm (p<0.0052)
and for the RPE_OScomplex, the difference was 3.32 mm
(p<0.0001). No effect was found for age or gender (p>0.5).
When analysed by a Bland-Altmann plot (Figs. 2 and 3), no
particular pattern was found for retinal thickness or the
RPE_OScomplex.

The signal strength is calculated differently in the instru-
ments; for the Cirrus, mean signal strength was 8.08 (range 6
to 10), while for the Heidelberg Spectralis, the signal to quality
index was 34.36 dB (range 26 to 41). Analyzed by spearman
correlation, the correlation coefficient was 0.01 and clearly
non-significant (p>0.9).

For conversion of Cirrus standard retinal thickness to Hei-
delberg standard thickness with a definition using RPEouter as
the posterior border, the conversion was 28.945+Cirrus thick-
ness X 0.9482 (CSF: 1 mm area). For the conversion of the
third-party software, the conversion factor from Cirrus to Hei-
delberg was 5.2852+Cirrus thickness X 0.9875 (1 mm hori-
zontal line).

Table 1 Retinal thickness as measured with third-party software on
OCT scans from the Cirrus HD and Heidelberg Spectralis systems.
Results are reported using means and SDs for the foveal center (top),
the central 1-mm line crossing the fovea (middle), and all points of the

6-mm line (bottom). The difference between the instruments is given in
μm, and the percentage and the p value are also for comparison of the
instruments

Retinal Thickness Cirrus HD Heidelberg Spectralis Difference % Difference p value
μm μm μm

Foveal center, mean 225.92 228.70 2.78 1.22 0.0555

SD 17.02 18.42 8.56

1-mm line, mean 280.37 282.15 1.78 0.63 0.0414

SD 17.90 18.40 5.13

All points, mean 301.10 302.95 1.85 0.62 0.0052

SD 39.07 38.57 7.50
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The intra-device variability was calculated as the mean
difference in thickness for a subset of patients (n=12). For
retinal thickness, the mean difference for all points of the
6 mm line was 4.73 μm (SD 4.54) for the Cirrus and
4.80 μm (SD 3.84) for the Heidelberg. The corresponding
values for the central 1-mm line was 3.23 um (SD 1.79) for
the Cirrus and 3.63 μm (SD 3.06) for the Heidelberg, and the
Bland-Altman coefficient of repeatability was 3.27 % for the
Cirrus and 4.02% for the Heidelberg. For the RPE_OScomplex,
the intra-device variability was 3.38 μm (SD 2.97) for the
Cirrus and 2.63μm (SD 2.64) for the Heidelberg for all points.
The corresponding values for the 1-mm line was 1.78 μm (SD
1.43) for the Cirrus and 1.64μm (SD 1.57) for the Heidelberg,
and the Bland-Altman coefficient of repeatability was 6.67 %
for the Cirrus and 6.33 % for the Heidelberg

Discussion

OCT is used for diagnosis and follow-up in many retinal dis-
eases, and often the central thickness is used as a guideline for

treatment decisions; it is used extensively in neovasular age-
related macular degeneration [17]. Clinics have different OCT
equipment, which may lead to differences in retinal thickness,
and even for SD instruments, the definitions of the posterior
border of the retina is not the same. In the present study, we
analyzed the retinal thickness, defined as the distance from the
vitreoretinal border to the RPEouter and the thickness of the
RPE_OScomplex, using the same software algorithms on OCT
scans from Cirrus HD OCT and Heidelberg Spectralis OCT.

An initial calculation showed that the central point thick-
ness from our custom-made software was comparable to that
reported earlier, with a nonsignificant difference of 0.69 um
compared to a direct read out of the standard Spectralis soft-
ware [9]. A small difference of 3.22 umwas also found by Lee
et al., where the Spectralis software was 3.22 μm thicker com-
pared to a another automatic software, with a high intra-class
coefficient (ICC) of 1.0 [18].

When comparing the Cirrus and Spectralis instruments
with our custom-made software, the center point thickness
was 225.92 μm from the Cirrus and 228.70 μm from the

Table 2 The thickness, as measured with third-party software on OCT-
scans from Cirrus HD and Heidelbarg Spectralis systems. Results are
reported using means and SDs for the foveal center (top), the central 1-

mm line crossing the fovea (middle), and all points of the 6-mm line
(bottom). The difference between the instruments is given in μm, and
the percentage and the p value are also for comparison of the instruments

RPE_OScomplex Cirrus HD Heidelberg Spectralis Difference % Difference p value
μm μm %

Foveal center, mean 76.05 78.49 2.43 3.14 0.0136

SD 6.11 5.00 5.70

1-mm line, mean 68.52 71.77 3.25 4.63 < 0.0001

SD 3.86 3.78 3.11

All points, mean 61.59 64.91 3.32 5.29 < 0.0001

SD 6.71 6.35 4.40
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Heidelberg Spectralis, and the mean difference of 2.78 μm
was just outside 5 % significance (p=0.0555). Thus the
third-party software used here gives identical results to the
Heidelberg Spectralis standard program for the Heidelberg
OCT, and when applied on the Cirrus scans, the central point
was slightly thinner, by less than 3 μm.

For the RPE_OScomplex, the differences were larger. For the
foveal center, the difference was 2.43 μm (p=0.0136), and for
all measurements, the difference was 3.32 μm (p<0.0001).

For the thickness of the central 1-mm horizontal line, we
also found slightly larger values using the same software for
the Heidelberg Spectralis compared to the Cirrus OCT, with a
mean difference of 1.78 μm (p=0.0414). Heussen et al. [10]
compared Cirrus HD OCT to Heidelberg Spectralis for the
foveal central subfield area using the 3D-OCTOR program
with manual segmentation. The outer border in this study
was the interdigitation of the outer segments and the RPE,
comparable to the definition used in the Cirrus standard soft-
ware. Heussen found a difference of 3.7 μm, slightly above
the 1.78 found in this study; in contrast to our study, the dif-
ference was not significant. The line of interdigitation used by
Heussen et al. is weak, in particular outside the fovea, thus for
the present study, we used a more robust definition, applicable
over the entire length. Rashid et al. reported a mean difference
of 6.76 μm (Heidelberg Spectralis thinner) for the retinal
thickness in 11 eyes, including four healthy eyes [19]. The
number of eyes is small, and the difference is opposite to that
of our results, underlining that the small differences found in
both our and other studies should be interpreted with caution.
The repeatability coefficient of our study was below 5 % for
the measurement of retinal thickness and below 10 % for the
RPE_OScomplex, and thus comparable to earlier studies with
the same two instruments [20, 21].

For all points of the 6-mm scan, the mean difference
was 1.85 μm. Though the difference was significant
(p<0.0052), it was below 1 % of the mean retinal thick-
ness and well below the intra-device variation, and not
clinically relevant. The result indicates that the difference
between Cirrus and Heidelberg results is primarily due to
the software algorithms and definitions of segmentation,
and that other instrument features are minor. When these
differences are corrected by using the same segmentation al-
gorithms on both devices, the remaining differences are small,
as shown by the present study. Different SD-OCT devices
typically have different contrasts between high and low inten-
sity signal, different pixel resolutions, data format (bit depth),
etc. These differences can have a small impact on the result of
the segmentation algorithm. As suggested by Chen et. al. [22],
it might therefore be beneficial to first apply signal normali-
zation to reduce the A-scan differences between different in-
struments. In the present case, it is more likely that the differ-
ence between Heidelberg and Cirrus OCT is to some extent
caused by the use of averaging with Heidelberg—in the

present study, averaging of 100 A-scans was applied. The
averaging mechanism will lead to an enhancement of small,
consistent signals frommultiple scans, and this may lead to an
increase in the measured thickness, as the lower limit of the
outermost RPE is positioned deep with weak signals on the
posterior border [23]. In addition, if the B-scans cannot be
perfectly registered/aligned, one will obtain a small blurring
effect that will also lead to an apparent greater thickness. For
the thickness of the RPE_OScomplex, a similar effect may exist
both for the IS/OS line and the posterior border of the
RPE.segmentation line. We found a thickness of the
RPE_OScomplex to be approximately 8 μm larger than that of
the published data fromWang et al. [24] based on UHR-OCT
and another segmentation algorithm. A previous study of
healthy subjects using TD OCTand a segmentation algorithm
similar to the one used in the present study gave comparable
results to our study [25]. It should be noted that the difference
in both retinal thickness and RPE_OScomplex is below the axial
resolution of the devices (5 μm for Cirrus SD OCT).

The eyes included in this study were fellow eyes in patients
with epiretinal membrane on the other eye. The included eyes
had normal visual acuity and were evaluated clinically to be
without ocular pathology, and the mean central subfield thick-
ness (CSF) was comparable to results reported for he Heidel-
berg Spectralis and Cirrus HD [4, 7, 9]. A subclinical increase
cannot be totally ruled out, but is assumed to be very small.

A weakness of the present study is the subjective assess-
ment of scan positions, which cannot be avoided for different
instruments and the many differences in scanning protocols.
Despite these shortcomings, the comparison of the Cirrus to
the Heidelberg Spectralis showed a high degree of agreement.

In conclusion, the differences in retinal thickness calculated
by spectral OCT are primarily due to differences in software
segmentation definitions, and not to the instruments. Howev-
er, the thickness was consistently greater with the Heidelberg,
the mean difference being 1.85μm, corresponding to 1%. For
the RPE_OScomplex, with the intraretinal segmentation line at
the level of the inner and outer photoreceptor segments, the
difference was 3.32 μm, corresponding to 5 %. In clinical use,
the differences are negligible if the same software is used for
the Cirrus HD OCT and the Heidelberg Spectralis.
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