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Abstract

Purpose To compare a time-domain (Stratus)

and a spectral-domain (Spectralis) optical

coherence tomography (OCT) device in

assessing foveal thickness in healthy subjects.

Methods In this observational study 40

healthy subjects (40 eyes) underwent Stratus

OCT and Spectralis OCT measurements of

foveal thickness using three consecutive

horizontal and vertical B-scan. Paired samples

t-test was used to compare means between

Stratus and Spectralis OCT measurements.

Coefficient of variation (CoV) was used to

compare dispersion in datasets. Pearson’s

correlation coefficient was used to quantify

linear relation between Spectralis and Stratus

OCT measurements. To assess agreement

between Spectralis and Stratus OCT foveal

thickness measurements, the Bland and

Altman plots were used.

Results Sample age ranged from 19 to 49

years (mean 33.25, standard deviation (SD)
±4.22).

The Spectralis OCT foveal thickness

measurements resulted significantly higher

than those obtained with Stratus OCT

(227.64±11.74 vs 144.36±12.25lm, and

227.63±11.43 vs 144.92±12.34lm, for

horizontal and vertical foveal thickness,

respectively) (Po0.05). Coefficient of

variations were 5.16 and 5.02% using

Spectralis OCT, and 8.49 and 8.51% using

Stratus OCT. Mean Spectralis/Stratus ratio was

1.58 for both horizontal and vertical

measurements. A linear relation between the

two technologies was found (rhoriz¼ 0.899

and rvert¼ 0.869) (Po0.001).

Conclusions A good correlation between

Stratus and Spectralis OCT foveal

measurements was found, independently of

retinal thickness. This preliminary study

suggests the existence of a conversion factor

between Stratus and Spectralis OCT when

measuring healthy foveal thickness.
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Introduction

Optical coherence tomography (OCT) is a

well-established noninvasive technique for the

imaging of the macula, capable of monitoring

the effects of medical and surgical interventions

in macular diseases by measuring the retinal

thickness.1,2

Imaging speed in standard OCT systems is

limited by the time-domain (TD) detection

technique, which measures the echo time delay

of back-scattered or back-reflected light through

an interferometer with a mechanically scanning

optical reference path.1 This instrument

acquires cross-sectional images consisting of

512 A-scans in 1.28 s. The axial resolution of

TD-OCT is B8–10 mm.

Recently, acquisition speed and sensitivity

have been improved by a novel detection
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technique known as spectral-domain (SD), Fourier

domain or frequency-domain detection, which enables a

25- to 100-fold increase in imaging speed over standard

ophthalmic OCT systems.3–7

In SD detection, the echo time delays of light are

measured by Fourier transforming the interference

spectrum of the light signal, requiring no mechanical

axial scanning, and this results in a higher acquisition

speed with respect to TD-OCT. In addition, it has been

theoretically predicted and experimentally confirmed

that SD-OCT has a higher sensitivity than that of

TD-OCT.4,8 Practically, the SD-OCT method shortens the

examination time and thereby reduces eye exposure and

image-blurring artifacts.6,9

The Spectralis OCT is a SD-OCT system that allows

high-speed, high-resolution cross-sectional imaging of

the retina, with simultaneous OCT and infrared

reflectance imaging.

To date TD-OCT still has widespread diffusion, and

can be considered as the ‘gold standard’ technique for

retinal thickness measurements. Therefore, every OCT

technique having the aim to measure retinal thickness

has to be compared with TD-OCT before obtaining

scientific and clinical consensus.

The purpose of our study was to measure the foveal

thickness in healthy participants with both TD- and SD-

OCT, to compare data, and to detect differences between

the two retinal measurements techniques.

Materials and methods

The study was carried out at the Ophthalmology Clinic

of the University of Chieti-Pescara, Italy. Healthy

participants with an age between 19 and 50 years were

enrolled in the study. The study adhered to the tenets of

the declaration of Helsinki and was approved by the

local ethical committee. Written informed consent was

obtained from all the subjects. Each participant

underwent a comprehensive ophthalmic examination,

including review of the medical history, best corrected

visual acuity assessment, slit-lamp biomicroscopy,

intraocular pressure measurement with Goldmann

applanation tonometry, gonioscopy, and dilated

funduscopic examination using a 78-D lens. To be

included, participants had to have best-corrected visual

acuity of 20/25 or better, spherical refraction within
±3.0 D, cylinder correction within ±2.0 D, open angles

on gonioscopy, intraocular pressures of 21 mm Hg or less,

a healthy appearance of the macula lutea, and the optic

disc and RNFL (no diffuse or focal rim thinning cupping,

optic disc haemorrhage, or RNFL defects), as evaluated

by funduscopic examination.

Patients were excluded if they had any earlier history

of ocular disease, surgery or treatment, or any systemic

disease with ocular involvement.

Eyes with corneal or lens opacities, retinal

disease, uveitis, glaucomatous or nonglaucomatous

optic neuropathy were excluded from the

investigation.

In the same session, in one randomly selected eye of

each participant, three consecutive measurements of

foveal thickness were carried out using both TD-OCT

and SD-OCT. All scans were carried out by the same

examiner (AAG), who had been trained on both OCT

devices.

Time-domain optical coherence tomography images

were obtained from each eye after pupil dilation, using

the Stratus OCT system (Carl Zeiss Meditec Inc., Dublin,

CA, USA). The same OCT version (4.1) was used for the

duration of the study.

The Stratus OCT thickness algorithm calculates retinal

thickness as the distance between the vitreo–retinal

interface and the anterior surface of the retinal pigment

epithelium.

The line scan protocol was selected to acquire

three consecutive horizontal (01) and vertical (2701)

B-scans passing through the fovea (six scans in

total). Scan length was set at 5 mm (Figure 1).

The retinal thickness analysis protocol provided with

the instrument software was used to calculate the foveal

thickness. The values obtained from the three horizontal

and the three vertical scans were averaged for statistical

analysis.

Before the examination a signal to noise ratio X25 dB

and a good quality A-scans X90% were preimposed. The

retinal thickness analysis software automatically displays

the signal strength. A signal strength X7 was used as

objective quality control. In addition, only scans with no

interfering noise or artifacts were included in the study,

and each individual scan was reviewed for aberrant

placement of the inner and outer retinal borders.

Spectral-domain optical coherence tomography images

were obtained using the HRA-OCT Spectralis unit

(Heidelberg Engineering GmbH, Heidelberg, Germany).

The Spectralis OCT uses SD-OCT technology, also

referred to as Fourier domain OCT. The beam of a super

luminescence diode (SLD) scans across the retina to

produce a cross-sectional B-scan image. The infrared

beam of the SLD has an average wavelength of 870 nm.

The Spectralis OCT system achieves data acquisition

rate of up to 40 000 axial scans per second, with axial scan

depth of 1.8 mm.

The axial optical resolution, determined by the

bandwidth of the SLD light source, the design of the

spectrometer (optic and detector), and the numerical

aperture of the optic, is calculated to be 7 mm.
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Optical lateral resolution is 14 mm, which corresponds

to a 7 mm spacing according to Nyquist’s sampling

theorem.

In the High Speed Mode, the Spectralis OCT acquires

48 B-scans (768 axial scans/transverse pixels in each

image) per second. Acquisition time is 19 ms/B-scan and

lateral resolution is 11mm/pixel.

In the High Resolution Mode, the digital scan rate is 25

B-scans per second (1536 axial scans/transverse pixels in

each image). Acquisition time is 38 ms/B-Scan and

lateral resolution is 6 mm/pixel digital.

For retinal thickness measurements, the High Speed

Mode was used, with a B-scan angle of 301.

The section scan option was used to acquire three

consecutive horizontal and vertical B-scans passing

through the fovea (total of six scans). The scan length was

9 mm by default (Figure 1). The retinal thickness analysis

option was used to calculate the foveal thickness.

The Spectralis OCT thickness algorithm calculates

retinal thickness as the distance between the vitreo–

retinal interface and the Bruch’s membrane. Similarly to

the protocol used for TD-OCT, the values obtained from

horizontal and vertical scans were averaged for statistical

analysis.

The authors certify that all applicable institutional and

governmental regulations concerning the ethical use of

human volunteers were followed during this research.

Statistical analysis

All data were analysed with the statistical package

MedCalc version 8.1 for Windows (MedCalc, Mariakerke,

Belgium).

The D’Agostino–Pearson’s test that computes a single

P-value for the combination of the coefficients of

Skewness and Kurtosis was used to study the sample

distribution.

Paired samples t-test was used to compare means

between Stratus and Spectralis measurements, and

horizontal and vertical measurements.

Pearson’s correlation coefficient was used to quantify

linear relation between the Spectralis and the Stratus

OCT measurements.

The CoV was used to compare the degree of variation

from one data series to another. Standard deviation (SD)

has little interpretable meaning on its own unless the

mean value is also reported alongwith. For a given SD

Figure 1 Horizontal (a-top left) and vertical (b-top right) Spectralis foveal thickness measurements. Horizontal (c-bottom left) and
vertical (d-bottom right) Stratus foveal thickness measurements.
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value, it indicates a high or low degree of variability, only

in relation to the mean value. For this reason, the

variability of a distribution of data is better described

dividing the SD by the mean. The representation of the

obtained value as a % of mean gives the CoV. The CoV is

particularly useful when comparing dispersion in

datasets with markedly different means; it is only

defined for nonzero mean, and it is most useful for

variables that are always positive. The CoV should only

be computed for data measured on a ratio scale.10

To assess the agreement between Spectralis and Stratus

OCT foveal measurements the Bland and Altman

correlation plots for foveal thickness values were used.11

For both horizontal and vertical foveal measurements,

the ratio (Spectralis/stratus OCT foveal thickness) was

plotted against the average of the two values. The ratio

option is useful when the researcher hypothesises an

increase in the variability of the differences as the

magnitude of the measurement increases.12

Results

Forty eyes of 40 participants underwent foveal thickness

measurements with the earlier described protocols of the

two OCT devices (Table 1). In all the eyes included in the

study high-quality scans were obtained. The sample age

ranged from 19 to 49 years (mean 33.25, SD±4.22).

The distribution of foveal thickness measurements was

classified as normal using both TD- and SD-OCT

technologies.

Mean TD-OCT foveal thickness was 144.36mm

(SD±12.25mm) using horizontal line, and 144.92mm

(SD±12.34mm) using vertical line (paired samples t-test

P¼ 0.408). CoVs were 8.49 and 8.51% using horizontal

and vertical line, respectively.

Mean SD-OCT foveal thickness was 227.64mm

(SD±11.74 mm) using horizontal line, and 227.63mm

(SD±11.43 mm) using vertical line (paired samples t-test

P¼ 0.990). CoVs were 5.16 and 5.02%, respectively.

For both horizontal and vertical foveal thickness,

paired samples t-test showed a statistically significant

difference between the Stratus and Spectralis OCT

measurements (P¼ 0.000).

Figure 2 shows the Bland and Altman plot of the

agreement in horizontal foveal thickness between TD-

and SD-OCT assessment. The ratio (SD-OCT horizontal

foveal thickness/TD-OCT horizontal foveal thickness) is

plotted against the average of the two measurements.

Mean SD-OCT/TD-OCT ratio for horizontal

measurements was 1.58 (range 1.42–1.75).

The existence of a linear relation between SD- and TD-

OCT horizontal measurements is indicated by Pearson’s

correlation coefficient (r¼ 0.899; Po0.001) (Figure 3).

Figure 4 shows the Bland and Altman plot of the

agreement in vertical foveal thickness between SD- and

TD-OCT assessment. The ratio (SD-OCT vertical foveal

thickness/TD-OCT vertical foveal thickness) is plotted

against the average of the two measurements.

Mean SD-OCT/TD-OCT ratio for vertical measurements

was 1.58 (range 1.47–1.80).

The existence of a linear relation between SD- and

TD-OCT vertical measurements is indicated by Pearson’s

correlation coefficient (r¼ 0.869; Po0.001) (Figure 5).

Discussion

Optical coherence tomography is a well-established,

noncontact, noninvasive, and safe technique, capable of

visualising retinal structure and studying macular

pathologies. Earlier studies highlighted the reliability of

retinal thickness measurements obtained by means of

TD-OCT technology.13–15 The technique relies on an

examination of the light scattered or reflected back from

the internal structures of the retina. In TD-OCT, an

optical delay line has to be mechanically scanned to

record a single line (A-scan) in a tomographic image.1

Time-domain OCT takes 1.28 s to obtain a single cross-

sectional image consisting of 512 optical axial scans. This

acquisition time of TD-OCT, longer than 1 s, may induce

motion artifacts in the obtained cross-sectional images.

These artifacts can be corrected by automated numerical

alignment of adjacent optical A-scans, but this procedure

can generate errors in the presence of discontinuities in

the retinal structure.16

In SD detection, echo time delays of light are measured

by Fourier transforming the interference spectrum of the

light signal, which requires no mechanical axial scanning,

and this results in a 25- to 100-fold higher acquisition

speed than that of TD-OCT. The SD-OCT method shortens

the examination time and thereby reduces eye exposure as

well as image blurring artifacts.6,9

Optical coherence tomography foveal thickness

measurement is one of the most reliable parameter when

studying and following the course of macular

pathologies. The progressive introduction into the

clinical use of SD-OCT as an alternative to TD-OCT

obviously generates questions on the agreement in foveal

thickness measurements between the two different OCT

technologies.

In this observational, case series study evaluating and

comparing two different diagnostic technologies, mean

foveal thickness was found to be significantly higher

when using SD-OCT. This result confirms the recent data

reported by Legarreta et al,17 who compared macular

thickness of 13 participants scanned with both a

prototype Cirrus HD-OCT (Carl Zeiss Meditec Inc.) and

Stratus OCT, and found that the thickness measurements
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by using HD-OCT were B50 mm higher than those

obtained by Stratus OCT. Similarly, Leung et al,18 in their

study comparing macular thickness measurements

obtained by means of Stratus OCT and SD-OCT (3D OCT,

Topcon, Tokyo, Japan) in 35 healthy normal participants,

found that the foveal and total macular thicknesses

measured by SD-OCT were significantly greater than

those measured by Stratus OCT (both with Po0.001).

The spans of 95% limits of agreement for foveal and total

macular thicknesses were 33.9 and 21.3 mm, respectively.

More recently, the study by Forte et al,19 who compared

retinal thickness and volume measurements obtained

with Stratus OCT and SD scanning laser ophthalmoscope

OCT (SLO/OCT, OTI, Toronto, ON, Canada), confirmed

that the macular retinal thickness values measured with

SD-SLO/OCT were significantly higher than those

measured with Stratus OCT by 30.1–39.2 mm.

These results may be related both to the different

technology and to the different thickness algorithm used.

The Stratus OCT algorithm identifies differences in the

image reflectance patterns in each A-scan that compose

one tomogram (B-scan), and assumes that the distance

Table 1 Stratus and spectralis OCT measurements of foveal thickness

Participant no. Stratus OCT measurements Spectralis OCT measurements

Horizontal Vertical Horizontal Vertical

1 117 115 203 206
2 156 154 222 219
3 134 134 224 227
4 140 140 228 227
5 152 156 231 233
6 130 136 221 230
7 146 146 220 220
8 160 160 247 242
9 142 142 225 226

10 148 146 230 223
11 136 142 220 221
12 154 154 234 244
13 154 154 235 233
14 142 142 225 231
15 146 140 216 213
16 166 166 250 243
17 152 156 239 235
18 152 156 235 238
19 130 132 209 201
20 132 128 222 219
21 119 121 213 208
22 144 144 223 223
23 134 136 216 220
24 138 138 227 221
25 154 148 233 235
26 132 136 224 223
27 142 146 225 227
28 173 169 257 254
29 138 140 216 219
30 138 138 218 225
31 144 144 221 224
32 150 154 233 234
33 154 154 233 233
34 138 140 221 222
35 126 126 210 210
36 166 169 250 249
37 146 146 230 228
38 154 154 240 242
39 123 125 207 213
40 130 134 220 220
Mean (±SD) mm 144.36 (±12.25) 144.92 (±12.34) 227.64(±11.74) 227.63(±11.43)
CoV % 8.49 8.51 5.16 5.02

CoV¼ coefficient of variation; SD¼ standard deviation.

Each value is the mean of three consecutive measurements.

Correlation in foveal thickness measurements
P Carpineto et al

255

Eye



between two relatively high reflective structures

represents the retinal thickness at that A-scan.

As a result, the OCT software locates the presumed inner

retina boundary at the vitreo–retinal interface and the

presumed outer retina boundary at the so-called ‘RPE-

choriocapillaris reflective complex’ seen in first

generations OCT. However, it has been recently shown

that the above mentioned complex is composed of two

well-defined highly reflective layers (HRL) at the level of

the outer retina in the macular region of healthy

participants: the inner HRL corresponding to the junction

of the inner and outer segments of the photoreceptors,

and the outer one most likely corresponding to the retinal

pigment epithelium or a reflective complex formed by

RPE and choriocapillaris.

The use of the Stratus OCT automated retinal

thickness measurement tool has been thought to

generate erroneous values because of the incorrect

interpretation of the inner HRL as the outer neural retina

boundary.20,21 Manual caliper-assisted retinal thickness

measurements, in which the outer HRL was interpreted

as the outer boundary, at specific macular regions

differed from those automatically generated by

9.9% from up to 38%.20

Figure 2 The Bland and Altman plot of the agreement in
horizontal foveal thickness between Spectralis and Stratus
optical coherence tomography assessment. The ratio between
Spectralis horizontal foveal thickness and Stratus horizontal
foveal thickness is plotted against the average of the two
measurements. Horizontal lines are drawn at the mean ratio,
and at the mean ratio plus and minus 1.96 times the standard
deviation (SD) of the ratios.

Figure 3 Linear relation between Spectralis and Stratus optical
coherence tomography horizontal measurements. Pearson’s
correlation coefficient (r)¼ 0.899 (Po0.001).

Figure 4 The Bland and Altman plot of the agreement in
vertical foveal thickness between Spectralis and Stratus optical
coherence tomography assessment. The ratio between Spectralis
vertical foveal thickness and Stratus vertical foveal thickness is
plotted against the average of the two measurements. Horizontal
lines are drawn at the mean ratio, and at the mean ratio plus and
minus 1.96 times the standard deviation (SD) of the ratios.

Figure 5 Linear relation between Spectralis and Stratus optical
coherence tomography vertical measurements. Pearson’s corre-
lation coefficient (r)¼ 0.869 (Po0.001).
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The Spectralis OCT thickness algorithm calculates

retinal thickness as the distance between the vitreo–

retinal interface and the Bruch’s membrane. Obviously,

this generate different values from Stratus OCT being the

measure of retinal thickness referring to two different

anatomical section of the retina, also independently from

the technical differences related to the detection systems

of the two instruments.

Another topic arising from the study concerns the

different variability of the results obtained with TD- and

SD-OCT, using CoV to evaluate the degree of variation

from one data series to another. Bauman et al22 tested the

reproducibility of retinal thickness measurements of a

prototype instrument of the first generation OCT,

showing that mean CoVs ranged from 3.6 to 29.5% in the

automated method and from 3.2 to 7.2% in the manually

adjusted retinal thickness algorithm. Massin et al23 found

mean CoVs ranging from 0.6 to 3.3% using the first

commercially available OCT to test reproducibility of

retinal thickness measurements in nine ETDRS areas of

10 healthy eyes.

Using Stratus OCT, Paunescu et al15 found mean

central foveal thickness values ranging from 158.0 to

177.7mm with SDs 20.8 and 28.7 mm for standard and

high-density scanning, respectively, before and after

dilation, in 10 normal participants. In this study CoV

values can be estimated from 12.71 to 16.15%. Later, Chan

et al24 reported mean central foveal thickness values of

182±23 and 170±18mm (automatically and manually

determined, respectively) with CoV values of 12.64 and

10.59%, respectively.

Similarly to our study, Leung et al18 found lower CoV

values when using SD-OCT (1.6–3.2% for Stratus OCT;

0.6–2.4% for SD-OCT).

The lower degree of variation of results that we found

when using Spectralis OCT may be related both to the

high definition linked to the highest data acquisition rate

and to a shorter examination time. As stated above, the

motion artifacts in the Stratus OCT images require

numerical correction, whereas the Spectralis OCT cross-

sectional image, measured in only 19 ms, does not

require any motion correction. In addition, higher scan

resolution of SD-OCT allows a more detailed

differentiation of retinal layers and more precise retinal

border detection.

The Bland and Altman plot of the agreement in foveal

thickness between Spectralis and Stratus OCT assessment

showed the existence of a proportional bias for both

horizontal and vertical scans.

Mean Spectralis/Stratus ratio for both horizontal and

vertical measurements was 1.58.

Correlation between the two different OCT techniques

of foveal thickness measurement was not influenced by

the amount of foveal thickness; in fact, Pearson’s

correlation indicated the existence of a linear relation

between TD- and SD-OCT measurements.

Since the introduction of the OCT in the last decade,

the ophthalmologists have gained new

pathophysiological insights in a variety of ocular

conditions. The OCT has become a fundamental tool for

the diagnosis, treatment and follow-up of several

macular and retinal diseases.

With the introduction of SD technology, a new

generation of OCT devices has become available in the

market. It is important to define the differences between

the information disclosed by new devices as compared

with the earlier known Stratus OCT, in order to properly

introduce those new instruments into clinical practice,

and to allow reliable comparison of data in patients

examined with the two different methods.

This study analysed for the first time the differences

between the foveal thickness measured by two different

OCT models in healthy patients, comparing a new SD

device with an earlier known TD-OCT. As expected,

significant differences between the absolute values of

foveal thickness assessed by the two OCT devices were

detected. Nevertheless, a good correlation between

Stratus and Spectralis OCT foveal measurements was

found, independently of retinal thickness. This study

suggests the existence of a conversion factor between

Stratus and Spectralis OCT foveal thickness

measurements and encourages the development of

further investigation on larger samples, also including

patients affected by macular pathologies.
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