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Purpose: Develop equations to convert Cirrus central subfield thickness (CST) to
Spectralis CST equivalents and vice versa in eyes with diabetic macular edema (DME).

Methods: The DRCR Retina Network Protocol O data were split randomly to train (70%
sample) and validate (30% sample) conversion equations. Data from an independent
study (CADME) also validated the equations. Bland-Altman 95% limits of agreement
between predicted and observed values evaluated the equations.

Results: Protocol O included 374 CST scan pairs from 187 eyes (107 participants). The
CADME study included 150 scan pairs of 37 eyes (37 participants). Proposed conversion
equations are Spectralis = 40.78 4+ 0.95 x Cirrus and Cirrus = 1.82 + 0.94 x Spectralis
regardless of age, sex, or CST. Predicted values were within 10% of observed values in
101 (90%) of Spectralis and 99 (88%) of Cirrus scans in the validation data; and in 136
(91%) of the Spectralis and 148 (99%) of the Cirrus scans in the CADME data. Adjusting
for within-eye correlations, 95% of conversions are estimated to be within 17% (95%
confidence interval, 14%-21%) of CST on Spectralis and within 22% (95% confidence
interval, 18%-28%) of CST on Cirrus.

Conclusions: Conversion equations developed in this study allow the harmonization of
CST measurements for eyes with DME using a mix of current Cirrus and Spectralis device
images.

Translational Relevance: The CSTs measured on Cirrus and Spectralis devices are not
directly comparable owing to outer boundary segmentation differences. Converting
CST values across spectral domain optical coherence tomography instruments should
benefit both clinical research and standard care efforts.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. @. BY _NC_NO
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Introduction

For clinical and research purposes, central retina
imaging with spectral domain optical coherence
tomography (SDOCT) remains the primary method
to assess anatomic disease severity and to deter-
mine management recommendations in eyes with
diabetic macular edema (DME). In the DRCR Retina
Network! # and other studies, SDOCT measurements
of central subfield thickness (CST) and changes in
these metrics over time have been widely used as
outcome measures and criteria for study eligibility and
treatment algorithms.'

Because the algorithms to determine CST are instru-
ment dependent, the DRCR Retina Network Proto-
col O developed equations to convert CST measure-
ments from SDOCT instruments to equivalent values
on time domain OCT, the primary method used at the
time.” However, subsequent use of SDOCT through-
out the network and across clinical practices globally
has been rapidly adopted owing to its higher resolution,
reduced artifacts, and greater efficiency. Consequently,
SDOCT systems, including Cirrus (Carl Zeiss Meditec,
Jena, Germany) and Spectralis (Heidelberg Engineer-
ing, Heidelberg, Germany), are commonly used in
retina practices managing DME and are currently
the only accepted SDOCT systems at network sites.
Because the boundaries for CST are from the inter-
nal limiting membrane to the inner third of the retinal
pigment epithelium on Cirrus, to Bruchs membrane
on Spectralis, and to the ellipsoid zone on Stratus,’’
automated CST measurements generated by each
system will differ from one another when performed on
the same eye on the same day for both healthy eyes and
eyes with diabetic macular pathology.® ' Redrawing of
the boundary lines provides highly similar values for
retinal thickness from the images obtained from these
instruments,®!!-1> but requires a specialized reading
center.’

The development of equations to convert between
Cirrus and Spectralis CST measurements would allow a
direct comparison of measurements from these instru-
ments, thereby benefiting clinical care for patients
whose measurements were obtained on a mix of the
two instruments over time and clinical research studies
by allowing either instrument for participation when
using a specialized reading center is not feasible.

This analysis develops and validates equations to
convert Cirrus to Spectralis measurements and vice
versa. Images from the DRCR Retina Network Proto-
col O participants who underwent imaging on both
Cirrus and Spectralis were used for initial training and
validation; images from the CADME, a prospective,
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multicenter, randomized clinical trial of bevacizumab
versus ranibizumab for the treatment of DME, were
used to further validate the models.!3

Protocol O, a cross-sectional observational
study, adhered to the tenets of the Declaration of
Helsinki. The ethics board associated with each site
provided approval. Study participants provided written
informed consent. We enrolled 692 adults (1298 eyes)
with type 1 or type 2 diabetes at 31 sites in the United
States between August 2009 and May 2011.°

A subset of the full Protocol O cohort, consisting of
eyes seen at seven sites that had access to and acquired
test and retest images of each study eye on the same day
on both Cirrus and Spectralis, was used for this analy-
sis (n = 187 eyes from 107 participants). Images were
acquired from August 2009 to April 2010. The order of
acquisition of Cirrus and Spectralis images was based
on logistic feasibility at the clinic. Only eyes judged by
the investigator to have ocular abnormalities that could
have affected the images were excluded (n = 8 eyes from
7 participants). The participants included in this analy-
sis all had at least one eye with DME, but not all eyes
had DME as the analysis cohort included 55 partici-
pants with only one eye with DME.

The CADME prospective, multicenter, randomized,
three-period, two-treatment, crossover trial compared
monthly intravitreal injections of bevacizumab with
ranibizumab for the treatment of DME.'3 The inves-
tigators enrolled 56 adults (62 eyes) with type 1 or
2 diabetes, at least one eye with DME involving
the center of the macula, Electronic-Early Treatment
Diabetic Retinopathy Study visual acuity letter score
of 78 to 24 (20/32-20/400), and a CST of 330 um
or greater on Cirrus OCT.!* Following a breakdown
of the Cirrus machine at one clinical site, necessitat-
ing a temporary switch to Spectralis, both Cirrus and
Spectralis scan pairs (n = 150 from 37 eyes of 37
participants), were captured at all protocol visits at
that site from January 2014 to August 2014; these scan
pairs constituted the CADME analysis dataset. All
eyes were receiving monthly anti-vascular endothelial
growth factor treatment during this period.

In both studies, Cirrus macular cube 512 x 128
scans, consisting of 128 horizontal B-scans and 512 A-
scans covering an area of 6 x 6 mm centered on the
point of fixation, were obtained and analyzed using
Cirrus software version 3 or higher (Protocol O) or
version 6.0.2.81 (CADME). For Spectralis in both
studies, 49 horizontal high-speed B scans covering an
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area of 20° x 20° centered on the point of fixation
with an automatic real-time mean of 16 frames were
obtained and analyzed using Heidelberg Eye Explorer
version 5.6.3.0 (CADME; data not available, Protocol
O). In Protocol O, the second (retest) Spectralis scan
was taken using real-time image registration with the
first scan as the reference.

Images in both studies were assessed by a reading
center for decentration or segmentation issues.
Autograded CST measurements were used for analysis
if the image was judged acceptable. If an issue was
identified, the reading center corrected the CST value,
and the corrected value was used in the analyses.

Scans from the subset of participants who under-
went imaging on both Cirrus and Spectralis instru-
ments in Protocol O were used in this study to train and
validate an SDOCT conversion equation. In addition,
Spectralis/Cirrus image pairs from the CADME study
were used to perform an independent validation of the
conversion equations.

Statistical Methods

Differences between test-retest measurements
within each instrument and between instruments were
analyzed using Bland—Altman methods.!> A conver-
sion equation between Cirrus and Spectralis (and vice
versa) for the I-mm diameter central subfield was
developed using data from a random sample of 70%
of the Protocol O participants (training dataset), and
data from the other 30% of the participants (validation
dataset) were used to evaluate the performance of the
equations. Equations were assumed to have a linear
functional form because nonlinear models have not
been found to be superior to the linear approach in
previous OCT investigations.

The proposed equations were validated by analyzing
the agreement between predicted and observed values
in the Protocol O validation dataset and separately
in the CADME study data using Bland-Altman
methods.”® In the CADME data, there were no test—
retest data or participants with two study eyes, but
eyes were imaged with both Cirrus and Spectralis at
multiple visits over time. The Bland—Altman 95% limits
of agreement (LOA) and within-eye intraclass correla-
tions were estimated using linear mixed models with
the differences between measurements as the depen-
dent variable and eye-level random intercepts. Confi-
dence intervals (CIs) for LOAs were estimated using
the method of variance estimates recovery.'®!7 Results
are presented in the original micron scale as well as
in the relative (%) difference scale. Relative differ-
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ences between test-retest scans are reported relative to
the test-retest mean and relative differences between
predicted and observed values are reported relative to
the observed values.

Sensitivity analyses were conducted to compare the
conversion equations derived from the training sample
with equations derived from the full sample, equations
adding a participant-level random effect, and equations
adding sex and sex—instrument interaction terms. All
analyses were conducted in SAS (version 9.4; SAS
Institute, Cary, NC).

From Protocol O, 374 CST measurement pairs from
187 eyes (107 participants) were eligible for analy-
sis. Automatically generated CST values were used for
analysis for all except 27 scans (7%) on Cirrus, for which
manually graded CST values from the Reading Center
were used. The mean + standard deviation (SD) CST
test-retest value was 386 £ 111 um on Spectralis and
365 & 113 um on Cirrus (Table 1). The center involved
(CI)-DME sex and machine-based thresholds''® were
met or exceeded by 72% of the scans on Spectralis and
71% on Cirrus.

The median (interquartile range [IQR]) absolute
differences between CST test-retest values for
Spectralis was 4 pm (2-12 pm) and 3 pm (1-6 um)
for Cirrus (Table 2). Ninety-five percent of the test—
retest differences were within 34 um, or 10%, of the
mean test-retest value on Spectralis and 28 um, or 8%
on Cirrus. !>

The CADME study data included 150
Spectralis/Cirrus measurement pairs from 37 eyes
(37 participants) obtained from a median (IQR) of 3
visits (2-5 visits) per participant (max = 10). The mean
+ SD CST was 313 + 81 um on Spectralis and 304 +
80 um on Cirrus.

Comparison of Cirrus and Spectralis Images

In Protocol O, CST on Spectralis was greater than
CST on Cirrus by a mean £ SD of 21 £ 30 um
with a median (IQR) difference of 17 um (11-28). The
95% LOA for Spectralis—Cirrus differences were —37
to 80 (95% confidence interval, [-44 to —31 pum] to
[74 to 86 um]), based on Spectralis/Cirrus test pairs
and Spectralis/Cirrus retest pairs, after accounting for
eye-level correlation (Fig. 1). In CADME, the CST on
Spectralis was greater than the CST on Cirrus by a
mean 4 SD of 9 + 8 um with a median (IQR) difference
of 8 um (6-13 um) and 95% LOA for Spectralis/Cirrus
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Table 1. Participant and Study Eye Characteristics Overall and by Training and Test Data Subsets
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Protocol O Overall ~ Protocol O Train Data  Protocol O Test Data  CADME Data

No. of participants 107 75 32 37
Sex, n (%)

Female 51 (48) 35(47) 16 (50) 12 (32)

Male 56 (52) 40 (53) 16 (50) 25 (68)
Race/ethnicity, n (%)

Asian 3(3) 2(3) 1(3) 1(3)

Black/African American 38 (36) 25 (33) 13 (47) 1(3)

Hispanic or Latino 3(3) 2(3) 1(3) 0

White 63 (59) 46 (61) 17 (53) 34(92)
Age, years

Mean (SD) 62.7 (10.3) 62.2 (9.7) 63.9(11.7) 63.5(9.7)

Median (IQR) 63 (57 to 70) 63 (57 to0 69) 68 (57 to 72) 62 (58 to 68)
Diabetes type, n (%)

Type 1 8(7) 6 (8) 2 (6) 6(16)

Type 2 99 (93) 69 (92) 30(94) 31(84)
Duration of diabetes, years

Mean (SD) 16.7 (9.9) 17.1(9.5) 15.6 (10.8) 13.1(9.3)

Median (IQR) 16 (10 to 22) 16 (10 to 22) 15 (8 to0 22) 12 (510 18)
Insulin used, n (%)

No 39 (36) 26 (35) 13 (41) 19(51)

Yes 68 (64) 49 (65) 19 (59) 18 (48)
Study eyes, n (%)

Bilateral 80 (75) 56 (75) 24 (75) 0

Unilateral 27 (25) 19 (25) 8 (25) 37 (100)
No. of eyes 187 131 56 37
Visual acuity, n (%)

>20/40 124 (66) 88 (67) 36 (64) 0

20/50-20/100 46 (25) 33 (25) 13(23) 9 (51

<20/100 17 (9) 10 (8) 7(13) 18 (48)
Lens status, n (%)

PCIOL 75 (40) 47 (36) 28 (50) 0

Phakic 112 (60) 84 (64) 28 (50) 37 (100)
Mean of CST test-retest on Spectralis, um

Mean (SD) 386 (111) 383 (99) 394 (135) NA

Median (IQR) 361 (305 to 432) 365 (307 to 432) 349 (305 to 432) NA

Range 22910 875 229to 740 251 to 875 NA
Mean of CST test-retest on Cirrus, um

Mean (SD) 365 (113) 362 (100) 372 (140) NA

Median (IQR) 340 (283 to 406) 346 (290 to 406) 334 (283 to 398) NA

Range 176 to 845 185t0 723 176 to 845 NA
No. of measurement pairs 374 262 112 150
Difference of CST on Spectralis - Cirrus, um

Mean (SD) 21 (30) 21 (27) 21 (36) 9(8)

Median (IQR) 17 (11 to 28) 17 (11 to 26) 18 (10 to 32) 8 (6to13)

Range —172to 171 —84to0 170 —172t0 171 —40to 26

NA, Not available. The CADME Study did not have test-retest data.
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Figure 1.
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Relationship between observed Spectralis versus observed Cirrus over the identity line in Protocol O (A) and in CADME (B) and

Bland-Altman plots of machine differences in Protocol O (C) and CADME (D).

CST differences of —8 to 25 um (Fig. 1). The within-
eye intraclass correlations for differences between
Spectralis and Cirrus measurement pairs was 0.67 in
Protocol O and 0.22 in CADME. The Spectralis/Cirrus
differences did not appear to be associated with
thickness in Protocol O data (8 = 0.01 for regres-
sion of difference on Spectralis test-retest mean,
P =0.55)or CADME (8 =0.01 for regression of differ-
ence on Spectralis, P = 0.30); however, the absolute
difference increased as the measurement increased in
Protocol O data (8 = 0.04 for regression of absolute
difference on Spectralis test-retest mean, P =0.01) and

CADME data (8 = 0.02 for regression of absolute
difference on Spectralis, P = 0.01), suggesting greater
variability in the differences between the instruments
in eyes with a thicker CST.

Conversion Equation Derivation and
Sensitivity Analyses

Protocol O training data used 262 measurement
pairs from 131 eyes (75 participants). The conversion
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equations developed are:
Spectralis = 40.78 + 0.95 x Cirrus

Cirrus = 1.82 4 0.94 x Spectralis

The equations are not the inverse of each other;
each equation was estimated to minimize the error
of the converted values (dependent variable). Switch-
ing the dependent and independent variables in simple
linear regression typically does not result in inverse
equations, except when all data points fall exactly on a
line. The within-eye intraclass correlations was 0.60 for
the conversion of Cirrus to Spectralis values and 0.61
for the conversion of Spectralis to Cirrus values.

Conversion Equation Validation

The Protocol O validation dataset included 112
measurement pairs from 56 eyes (32 participants). On
Spectralis, the observed mean £ SD was 394 & 135 pym
and the predicted mean + SD was 392 + 132 um. On
Cirrus, the observed mean + SD was 372 4 140 ym and
the predicted mean £+ SD was 372 + 126 um. Predicted
values were within 10% of the observed values for 101
(90%) of the Cirrus converted to Spectralis pairs and
99 (88%) of the Spectralis converted to Cirrus pairs.
Adjusting for within-eye correlations, 95% of CST on
Cirrus converted to Spectralis are expected to be within
69 um or 17% (95% confidence interval, 14%-21%) of
the CST directly observed on Spectralis; and 95% of
CST on Spectralis converted to Cirrus are expected to
be within 73 um or 22% (95% confidence interval, 18%—
28%) of the CST directly observed on Cirrus (Table 2
and Fig. 2). Sex- and machine-specific CI-DME cut off
points on Cirrus and Spectralis are shown in Figure
2 to lie close to values estimated by the conversion
equations.

In the CADME data, on Spectralis, the observed
mean + SD was 313 + 81 um and the predicted mean
+ SD was 329 + 76 um. On Cirrus, the observed mean
4 SD was 304 + 80 um and the predicted mean 4+ SD
was 296 + 76 um. Predicted values were within 10% of
the observed values in 136 (91%) of Cirrus converted
to Spectralis pairs and in 148 (99%) of Spectralis
converted to Cirrus pairs. The 95% LOA for differ-
ences between predicted and observed values were —3
to 33 um (relative difference, —2%—12%) on Spectralis
and —28 to 10 um (relative difference, —8% to 3%)
on Cirrus (Table 2 and Fig. 3). Although the conver-
sion equations tended to overestimate Spectralis and
underestimate Cirrus in the CADME data, the LOAs
between predicted and observed values calculated with
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the CADME data were within the LOAs estimated
using the Protocol O validation data. Overall, when
comparing CST scans from the Protocol O validation
and CADME datasets together, 90% of the Cirrus
converted to Spectralis values were within 10% of
the paired Spectralis scans and 94% of the Spectralis
converted to Cirrus values were within 10% of the
paired Cirrus scan.

Sensitivity Analyses

Sensitivity analyses demonstrated that the recom-
mended conversion equations derived from the training
data closely resembled conversion equations derived
from the full Protocol O sample. When CST varied
from 200 to 800 um, the mean absolute difference
in converted CST predictions based on the equations
derived from full data versus the training data was less
than 3 pm, with a maximum difference of less than §
um for conversions in either direction. In the training
data, allowing data from participants with two study
eyes to be correlated had little influence on the conver-
sion equation estimates and sex did not seem to modify
the converting relationship in either direction (Supple-
mentary Table S1 and Supplementary Figs. S1 and S2).
Last, different random 70/30 splits of the Protocol O
data resulted in similar estimates of the conversion
equation parameters and LOAs between predicted and
observed values (Supplementary Table S2 and Figs. S3
and S4).

Discussion

Cirrus CST measurements are thinner on average
owing to differences in outer boundaries (inner third
of the retinal pigment epithelium vs. the Bruch’s
membrane), making it unsuitable to directly substitute
one value for the other. This study provides equations
to convert Cirrus CST measurements to equivalent
Spectralis values and vice versa that perform well
in validation data sets from DRCR Protocol O and
CADME, with approximately 90% of the predicted
conversions within 10% of the observed values overall.

The widespread use of SDOCT to assess central
retinal thickness for clinical and research efforts
suggests that these equations, which allow interop-
erability from one instrument to another, may be
widely applicable. In 2019, 64% of DRCR sites had a
Spectralis SDOCT instrument and 41% had a Cirrus
instrument, with 53% and 47% of scans acquired on
Spectralis and Cirrus, respectively. These instruments
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Protocol O validation data evaluation of the Cirrus to Spectralis conversion equation (A) and Spectralis to Cirrus conversion

equation (B) and Bland-Altman plots of differences between predicted and observed CST on Spectralis (C) and between predicted and
observed CST on Cirrus (D). CI-DME is defined as follows by CST according to OCT machine and sex: Heidelberg Spectralis 305 um or greater
in women and 320 um or greater in men; Zeiss Cirrus 290 pm or greater in women and 305 um or greater in men.

command a major market share in ophthalmic imaging
for clinical practices worldwide.

The agreement between measurements observed
on different instruments is limited by the repeatabil-
ity (degree of difference expected from measurement
variability) within each instrument. The 95% LOAs for
relative differences between replicate scans (repeata-
bility) were 10% with Spectralis and 8% with Cirrus.
Although the conversion models for CST improved
the agreement between the Spectralis and Cirrus

instruments, the conversion models also introduced
additional variability because the model predictions
are not perfect. The 95% LOAs for relative differences
among conversions (17% with Cirrus converted to
Spectralis; 22% with Spectralis converted to Cirrus) are
acceptable given the thresholds for within-instrument
measurement errors alone were approximately 10%.
Findings from this study support the use of these
conversion equations to transform CST values on
individual and group levels in research. Just as there
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Figure 3. CADME data evaluation of the Cirrus to Spectralis conversion equation (A) and Spectralis to Cirrus conversion equation (B) and
Bland-Altman plots of differences between predicted and observed CST on Spectralis (C) and between predicted and observed CST on

Cirrus (D).

can occasionally be large disparities in measurement of
CST by Cirrus versus Spectralis, there can be substan-
tial differences between predicted and observed values
for individual scans. Although the median differences
between converted and measured values in the Proto-
col O validation set were only —2 and 4 um, the
absolute differences between these values were greater
than 80 um in approximately 6% of scans. For group
means, conversion errors on individual scans will tend
to balance out as the sample size increases. Converted
values are not recommended for CI-DME classifica-

tion. Observed CST and the corresponding gender
and machine-specific thresholds should determine CI-
DME status.!-!8

The CADME data provide a useful comparison
set in which to test these equations. In contrast with
the Protocol O cohort, the CADME participants
were followed longitudinally and Cirrus and Spectralis
images were obtained after 2 or more months of treat-
ment with intravitreal anti-vascular endothelial growth
factor. Equations to convert Cirrus to Spectralis values
and vice versa that were trained from the CADME
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study provide similar results to those proposed in
the current study. However, the equations trained on
Protocol O data may be more generalizable to a wider
range of eyes with DME because Protocol O contained
more than 3.5-fold the number of eyes available for
training than the CADME study. These conversion
equations reliably predicted the observed CADME
data, which suggests they are applicable to repeated
OCT scans from the same eye over time.

A strength of this study is that these equations
were trained and tested in prospectively collected scans
from a large cohort of persons with DME from a
diverse population of patients enrolled at clinical sites
across the United States and Great Britain. Addition-
ally, OCT scans were obtained by certified imagers
and manual segmentation correction was performed
by a Reading Center as needed to obtain the most
accurate CST values. This study has several limitations.
First, the application of these equations depends on
the manual correction of segmentation when neces-
sary. Second, conversion equations are less precise than
specialized software used at reading centers, where
retinal boundaries are redrawn at a common refer-
ence point.” Third, it is unknown whether similar
results would be obtained in a different cohort or
using different scan protocols from the ones used by
the DRCR Retina Network and CADME. Finally,
these equations do not address the conversion of
OCT variables other than CST, such as total retinal
volume or thickness of noncentral macular subfields,
or CST conversion in eyes with conditions other than
DME.

This study provides validated conversion equations
to transform Spectralis to Cirrus CST values and vice
versa; these equations are suitable for the transfor-
mation of values from individual scans as well as
averaged values from cohorts of eyes with DME.
Which conversion equation to use may be based on
preference or the prevalence of devices, where the
chosen equation converts values to the equivalents of
the instrument with the most observations. Although
previous work enabled the conversion of Spectralis and
Cirrus measurements to time domain OCT equiva-
lents, this method has proven suboptimal for report-
ing current study results, because time domain OCT
is largely obsolete. Thus, these equations will be used
to report future CST results in eyes with DME from
the DRCR Retina Network in SDOCT equivalents.
The ability to convert CST values from one SDOCT
instrument to another will enable better interpretation
and comparison of individual patient OCT images and
facilitate future observational studies and clinical trials
that use these different instruments for evaluation of
eyes with DME.
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