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Abstract

Purpose To compare retinal thickness and

volume measurements obtained with Stratus

time domain optical coherence tomography

(OCT) and spectral domain scanning laser

ophthalmoscope OCT (SD-SLO/OCT).

Methods In a cross-sectional study, 52 eyes

with a normal macula, 30 eyes with retinal

oedema, and 10 eyes with a myopia higher

than 6D have been evaluated with both time

domain OCT (TD-OCT, Stratus OCT, Carl

Zeiss Meditec, USA) and SD-SLO/OCT (OTI,

Toronto, Canada). Retinal thickness and

volume measurements in the nine areas of the

6-mm ETDRS ring were compared. Artefacts

were defined as the discordance between the

automatically detected anterior and posterior

retinal boundaries and the boundaries

detected by the examiner.

Results Artefacts were more frequent with

TD-OCT (35 vs 26%). Mean retinal thickness

was significantly higher with SD-SLO/OCT by

30.1 lm (±25.8) (P¼ 0.003) in presence of the

artefacts and by 39.2 lm (±25.8) (P¼ 0.003)

after their exclusion. The correlation between

the two retinal thickness data sets before

exclusion of the artefacts (r¼ 0.59, Po0.001)

increased after their removal (r¼ 0.84,

Po0.001). A strong correlation was present

between the two retinal volume data sets

before (r¼ 0.94, Po0.001) and after exclusion

of the artefacts (r¼ 0.96, Po0.001).

Conclusions SD-SLO/OCT produced fewer

artefacts than Stratus TD-OCT. This could be

attributed to the greater resolution and

acquisition speed of SD-SLO/OCT. The

macular retinal thickness values measured

with SD-SLO/OCT were significantly higher

than those measured with Stratus TD-OCT.

Retinal volumes measured with Stratus

TD-OCT and SD-SLO/OCT were strongly

correlated.
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Introduction

Traditional optical coherence tomography

(OCT) is a time domain OCT (TD-OCT),1–4

where depth informations of the retina are

obtained after a longitudinal translation in time

of a reference arm. Good reproducibility of

retinal thickness measurements by Stratus OCT

(Carl Zeiss Meditec, USA) has been shown.5,6

Nevertheless, reproducibility may be increased

by considering parameters that average more

points (such as the total macular volume).7

Recently introduced spectral domain OCT (SD-

OCT) measures the interferometric signal

detected as a function of optical frequencies,

allowing for imaging speeds 50 times faster than

TD-OCT, and providing a greater number of

images per unit area.8–12 This increase in

resolution and scanning speed allows high-

density raster scanning of retinal tissue while

minimizing eye motion artefacts. A better

repeatability of measurement compared with

Stratus OCT has been reported for spectral

domain OCT in healthy eyes.13,14 The presence

of both time domain and spectral domain OCT

systems in ophthalmic practices is becoming

increasingly widespread, and the several
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SD-OCT devices introduced to clinical practice use

different algorithms to calculate retinal thickness. This is

the first study where an evaluation of the artefacts and a

comparison of retinal thickness and volume

measurements obtained with both Stratus TD-OCT and

OTI (Ophthalmic Technologies Inc., Canada) SD-OCT

were performed in normal and pathologic eyes.

Materials and methods

In this cross-sectional observational study we considered

92 eyes (46 patients) evaluated from July to November

2007 in the Eye Department of the University Federico II

of Naples. Fifty-two eyes of 26 volunteers without retinal

abnormalities, 30 eyes (15 patients) with retinal oedema

(18 with cystoid macular oedema, 8 with epiretinal

membrane, 4 with both abnormalities), and 10 eyes (5

patients) with a myopia higher than 6 D (range: 9–16 D)

were included in the study. This study has been

performed in accordance with the ethical standards laid

down in the 1964 Declaration of Helsinki. A written

informed consent was obtained from all participants in

this study. The study was approved by the ethics

committee of the University Federico II, Naples, Italy.

Optical coherence tomography

Examination with time domain OCT and spectral domain

OCT was performed on each eye on the same day and by

the same examiners (RF or GC).

Time domain Stratus OCT (Stratus OCT, Version 4.0.1,

Carl Zeiss Meditec, Dublin, CA, USA) uses a

superluminescent diode source (wavelength 810 nm,

bandwidth 20 nm) and generates retinal thickness map

from six consecutive radial B-scans. In this study high-

resolution Radial Line scan protocol (1.0 B-scans/s, 512

axial measurements with a resolution of around 10 mm)

was used to minimize artefacts. Central foveal thickness

is calculated at the intersection of the six radial lines and

is measured as the distance between an inner retinal

boundary, represented by the internal limiting membrane

(ILM), and an outer retinal boundary, represented by the

junction between the inner and outer photoreceptor

segments (IS/OS).15 Volume data (cubic millimeters) are

obtained by multiplying the average thickness by the

sampled area.

In spectral domain scanning laser ophthalmoscope/

OCT (SLO/OCT, Ophthalmic Technologies Inc., Toronto,

Canada) a super luminescent diode produces a light with

a wavelength of 840 nm (bandwidth 150 nm). A

spectrometer measures the interference spectrum

between back reflected light from the tissue and light

from a stationary reference arm. The Fourier transform of

this interference spectrum allows to measure the

magnitude and echo time delay of the light signal from

the tissue. This provides simultaneous measurements of

light echoes from different axial depths, without

movement of the reference arm. Therefore, an improved

acquisition speed is allowed. In SD-SLO/OCT the inner

retinal boundary used to obtain retinal thickness is the

ILM, whereas the exact location of the outer boundary is

still unknown. When acquiring retinal topographic maps

SD-SLO/OCT performs a sweep of 256 serial parallel

OCT B-scans/s with an axial resolution of 5mm, covering

a 9� 9 mm area in the transverse plane through the

macula, and providing the thickness of any point in the

evaluated area. By this way, mean RT can be obtained,

together with the RT measured in each point of the map.

Retinal volume in a given area is obtained by the integral

of the thickness measured in each point of the area.

In each eye considered in this study, mean retinal

thickness (RT) and mean retinal volume (RV) were

measured with both Stratus TD-OCT and SD-SLO/OCT

in the nine macular Early Treatment Diabetic

Retinopathy Study (ETDRS) areas. ETDRS areas include

a central 1-mm disc, representing the foveal area, and

inner and outer rings of 3 and 6 mm, respectively. The

inner and outer rings are divided into four quadrants:

superior, nasal, inferior, and temporal. Central foveal

thickness (FT) was also calculated. The total macular

thickness (MT) and the total macular volume (MV) in the

6-mm ETDRS ring were calculated based on the

proportional contribution of the regional macular

thicknesses as described earlier.5,16

Artefacts

Evaluation of artefacts was performed for both Stratus

TD-OCT B-scans and SD-SLO/OCT B-scans. We

considered each of the six radial B-scans for Stratus TD-

OCT and the B-scans showed on the retinal map window

for SD-SLO/OCT. Artefacts were defined as the

discordance between the automatically detected anterior

and posterior retinal boundaries and the boundaries

detected by the examiner.15 Even slight discordances

were considered as an artefact.

Statistical analysis

On the two sets of 1748 (RT, 920; RV, 828) values a

quadrant-by-quadrant paired comparison was

performed. The difference for FT, for mean RT and for

mean RV in each ETDRS area, for MT and MV in the

6-mm ETDRS ring before and after exclusion of the

artefacts was calculated, and results were expressed as

means ±standard deviation (±SD). Correlation between

the means of the two data sets was obtained using paired

samples t-test. Bland–Altman plots were used to assess
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their agreements. Regression analysis was estimated with

Pearson’s correlation coefficient (r). Po0.05 was

considered statistically significant. Statistical analysis

was performed with SPSS software (version 13.0; SPSS

Inc., Chicago, IL, USA) and MedCalc software (version

9.2; MedCalc Software, Mariakerke, Belgium).

Results

Before exclusion of the artefacts a statistically significant

difference was present in each ETDRS quadrant between

mean measurements obtained with the two OCT systems,

except for temporal inner and nasal inner macula

(Table 1). The correlation of MT measurements in each

group before and after exclusion of artefacts is shown in

Figure 1.

With regard to the data sets acquired in the 6-mm-

diameter area in all eyes, the mean difference between

the SD-SLO/OCT and TD-OCT macular thickness

measurements in the presence of the artefacts was

30.1 mm (±59.5) (Po0.001) (Table 2); the greater the

thickness, the greater the difference (20.5±25.3 mm when

MTp250; 35.4±27.8 mm when MT4250 mm). After

exclusion of the artefacts the mean difference of MT was

39.2 mm(±25.8) (P¼ 0.003), the greater the thickness, the

greater the difference (28.7±32.3 mm when MTp250 mm;

47±37.2 mm when MT4250 mm). The ratio between

mean MT measured with SD-SLO/OCT and mean MT

measured with Stratus TD-OCT in presence of artefacts

was 1.12 (±0.4), and became 1.25 (±0.3) after exclusion

of the artefacts (Figure 2). The correlation between the

MT measurements with TD-OCT and SD-SLO/OCT in

presence of artefacts (r¼ 0.59; Po0.001) increased after

their exclusion (r¼ 0.84; Po0.001). With respect to MV, a

statistically significant difference was present before

(P¼ 0.004) and after (Po0.001) exclusion of the artefacts.

A strong correlation was found between the two volume

data sets before (r¼ 0.94; Po0.001) and after exclusion of

the artefacts (r¼ 0.96; Po0.001).

In the group of eyes without retinal abnormalities the

correlation between the two instruments in the

measurement of MT was low before exclusion of the

artefacts (r¼ 0.34; Po0.001) and increased after their

removal (r¼ 0.88; Po0.001). Difference between mean

MV did not show statistical significance before exclusion

of the artefacts (P¼ 0.08), whereas it was significant after

their removal (Po0.001). A strong agreement was found

in the measurement of MV before (r¼ 0.69; Po0.001) and

after (r¼ 0.82; Po0.001) exclusion of the artefacts.

Among all the eyes presenting with retinal oedema,

the correlation between the two instruments in

measurement of MT was low before exclusion of the

Table 1 Summary of the mean retinal thickness (±SD), retinal volume, and Pearson’s correlation coefficient (r) taken in all eyes in the
nine macular Early Treatment Diabetic Retinopathy Study (ETDRS) areas with Stratus time domain OCT (TD-OCT) and OTI spectral
domain SLO/OCT (SD-SLO/OCT)

ETDRS area Mean retinal thickness (mm) P-values r

TD-OCT SD-SLO/OCT

Fovea 256.6 (±99) 281 (±166) 0.07 0.62
Temporal inner macula 290 (±80) 300 (±131) 0.4 0.6
Superior inner macula 291 (±75) 323 (±145) 0.04 0.37
Nasal inner macula 296.7 (±81) 332.7 (±135) 0.004 0.63
Inferior inner macula 301.4 (±89) 393.2 (±76) 0.2 0.31
Temporal outer macula 246.7 (±71) 258.8 (±121) 0.057 0.68
Superior outer macula 253.6 (±58) 316.7 (±132) o0.001 0.62
Nasal outer macula 274.9 (±73) 302.7 (±124) 0.057 0.5
Inferior outer macula 263.8 (±94) 295.5 (±134) 0.009 0.69

Retinal volume (mm3)

TD-OCT SD-SLO/OCT

Fovea 0.2 (±0.07) 0.2 (±0.12) 0.5 0.6
Temporal inner macula 0.4 (±0.12) 0.4 (±0.2) 0.7 0.6
Superior inner macula 0.4 (±0.11) 0.5 (±0.19) 0.2 0.4
Nasal inner macula 0.4 (±0.12) 0.5 (±0.22) 0.01 0.62
Inferior inner macula 0.5 (±0.13) 0.5 (±0.22) 0.7 0.63
Temporal outer macula 1.3 (±0.38) 1.3 (±0.63) 0.3 0.68
Superior outer macula 1.3 (±0.3) 1.6 (±0.6) o0.001 0.73
Nasal outer macula 1,4 (±0.4) 1.5 (±0.7) 0.1 0.51
Inferior outer macula 1,5 (±0.9) 1,5 (±0.7) 0.8 0.38
Total volume 7.39 (±2) 8 (±3) 0.01 0.71
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Figure 1 Graph showing the correlation between mean macular thickness measurements (mm) acquired in the 6-mm-diameter area
with time domain OCT (Y-axis) and spectral domain SLO/OCT (X-axis) in the four groups before and after exclusion of artefactual
quadrants (TD, time domain; SD, spectral domain; r¼Pearson’s correlation coefficient).
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artefacts (r¼ 0.31; Po0.001) and increased after their

removal (r¼ 0.79; Po0.001). As concerns evaluation of

MV a statistically significant difference was found before

(Po0.001) and after (P¼ 0.001) exclusion of the artefacts.

A strong agreement was found before (r¼ 0.95; Po0.001)

and after (r¼ 0.96; Po0.001) exclusion of the artefactual

quadrants.

In the 10 eyes presenting with high myopia, MT was

higher with TD-OCT than with SD-OCT before and after

removal of the artefacts. Before exclusion of the artefacts

the MT difference was significant (P¼ 0.003). A low

correlation was found between the two groups in

evaluation of MT before exclusion of the artefacts

(r¼ 0.53; Po0.001) whereas a higher agreement was

found after their removal (r¼ 0.75; Po0.001). In the same

group, a statistically significant difference between mean

MV was present among the two data sets before

exclusion of the artefacts (P¼ 0.01), whereas after their

exclusion the difference between mean MV was not

statistically significant, although a trend towards

significance was noted (P¼ 0.07). There was a strong

correlation in evaluation of MV before (r¼ 0.92; Po0.001)

and after (r¼ 0.92; Po0.001) exclusion of the artefactual

quadrants.

Artefacts

Of the two pairs of 92 acquisition values, 40/184 (21.7%)

exhibited artefacts with either Stratus TD-OCT or SD-

SLO/OCT or both. With Stratus TD-OCT, artefacts were

present in 32/92 cases (35%) (in 4 cases with healthy

retina, in 18 with retinal oedema, and in the 10 eyes with

high myopia). Among highly myopic eyes they involved

the 3-mm central area in 8/10 cases. With SD-SLO/OCT,

artefacts were present in 24/92 cases (26%) (in 2 cases

with healthy retina, in 12 with retinal oedema, and in the

Table 2 Mean macular thickness (±SD) in the 6-mm-diameter area, as measured with Stratus time domain OCT (TD-OCT) and OTI
spectral domain SLO/OCT (SD-SLO/OCT) in all patients and in the three subgroups before and after exclusion of artefacts

Stratus OCT SD SLO/OCT Mean difference
(SD SLO/OCT�TD OCT)

P-values r

All eyes with artefacts 275.5 (±81) 305.6 (±140.5) 30.1 o0.001 0.59 (Po0.001)
All eyes without artefacts 274.6 (±81.1) 313.8 (±105.6) 39.2 o0.001 0.84 (Po0.001)
Normal eyes with artefacts 247 (±51) 281 (±88) 34 o0.001 0.34 (Po0.001)
Normal eyes without artefacts 246.2 (±50) 277.1 (±66) 30.9 o0.001 0.88 (Po0.001)
Macular oedema with artefacts 329.4 (±120.7) 401.8 (±449.1) 72.4 0.002 0.31 (Po0.001)
Macular oedema without artefacts 319.6 (±119.7) 383.6 (±170.3) 64 o0.001 0.79 (Po0.001)
High myopia with artefacts 248.8 (±48.9) 216.8 (±94.3) �32 0.003 0.53 (Po0.001)
High myopia without artefacts 253 (±50.8) 251.7 (±63) �1.3 0.1 0.75 (Po0.001)

r¼Pearson’s correlation coefficient.
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10 eyes with high myopia). Among highly myopic eyes

the 3-mm central area was never affected by artefacts

after evaluation with SD-SLO/OCT.

Artefacts that determined an overestimation of RT and

RV were due to an erroneous positioning of the inner

retinal boundary, after the presence of an epiretinal

membrane (8/40 cases, 20%) and detached posterior

hyaloid (11/40 cases, 27.5%). Artefacts that determined

an underestimation of RT and RV were due to the

presence of intraretinal hard exudates in 15/40 cases

(37.5%), and due to intraretinal cysts in 6/40 cases (15%)

with cystoid oedema, whose boundaries were

interpreted as outer retinal layers.

Discussion

This cross-sectional case study is, to our knowledge, the

first reported quantitative comparison of retinal

thickness and volume measurements obtained with a

TD-OCT system and SD-OCT system in normal,

oedematous, and highly myopic eyes. By comparing

macular thickness and volume, we assessed the inter-

system reproducibility of two widely used indicators of

the retinal integrity.

The number of artefacts obtained with SD-OCT (26% of

the acquisitions) was lower than that obtained with

TD-OCT (35% of the acquisitions). The correlation

between the macular thickness data sets significantly

increased after the exclusion of the artefacts. An

inaccurate recognition of the retinal inner and outer

boundaries determines the presence of the artefacts and

influences retinal thickness measurements. Boundary

recognition is related to the resolution of the system. The

axial resolution of OCT is inversely related to the spectral

bandwidth of the optical source, via the formula:

resolution¼ 2ln(2)l2/(pDl), where (Dl) is the bandwidth

and (l) is the central wavelength of the light source.10

Therefore, the broader the wavelength distribution

within the incident beam, the higher the resolution.

Time-domain, standard-resolution, commercially

available OCT systems use superluminescent diodes

emitting light with 20–30 nm bandwidths centered at

830 nm, resulting in a 10–15 mm axial image resolution.

Spectral SLO/OCT system employs a compact

superluminescent diode with a 150 nm bandwidth

centered at 890 nm, which results in a 5 mm axial

resolution. The presence of artefacts is also influenced by

the acquisition speed. The speed of the commercially

available Stratus TD-OCT system (0.5–1.0 B-scan/s) is

considerably lower than that of SD-SLO/OCT (256 serial

parallel OCT B-scans/s). Furthermore, in SD-SLO/OCT

system the high acquisition speed increases signal to

noise ratio.

Therefore, the reduced number of artefacts obtained

with SD-OCT could be attributed to its greater resolution,

acquisition speed, and signal to noise ratio.

Except for highly myopic eyes, the retinal thickness

values measured with SD-SLO/OCT were significantly

higher than those measured with Stratus TD-OCT, the

greater the thickness, the greater the difference. The ratio

between the mean retinal thickness measurement with

SD-SLO/OCT and the mean retinal thickness

measurement with Stratus TD-OCT in all considered eyes

was 1.1 before exclusion of the artefacts and 1.2 after

their removal. The poor agreement between Stratus OCT

and a different spectral domain OCT (3D OCT, Topcon,

Tokyo, Japan) has already been reported.13 Although this

was limited to normal eyes, it resulted in a SD-OCT/

TD-OCT ratio of 1.01 and a correlation between the

amount of difference and the thickness was not

suggested. To obtain retinal thickness measurement,

Stratus OCT uses segmentation algorithms to mark the

ILM as the inner boundary and the inner segment/outer

segment junction (IS/OS) as the outer boundary.15 To

date, no data are provided about boundary recognition in

the OTI SD-SLO/OCT system. The higher RT measured

with OTI SD-SLO/OCT in this study is likely due to

detection of a more external outer boundary. The

different resolution and the different algorithms of SD-

OCTs, the reduction of motion artefacts, and the absence

of interpolation could determine the detection of a

different outer boundary, such as the retinal pigment

epithelium or the intermediate reflective line, which is

thought to represent the tip of the cone outer segment in

the fovea.17 Furthermore, as the segmentation algorithms

are different among the SD-OCT devices, the outer

boundary used for thickness measurement may strongly

depend on the OCT system used. Thus, retinal thickness

measurements will consequently differ between both TD-

OCT and SD-OCT and among different SD-OCT systems.

In all areas a larger standard deviation was present

after thickness measurement with SD-OCT. This could be

explained by the different ways with which the OCT

systems measure retinal thickness. Stratus OCT uses six

radial B-scans and mathematical interpolations are used

to derive thickness estimations for the spaces in between.

On the other hand, SD-SLO/OCT evaluates every single

point in the sampled area, with a consequently larger

standard deviation.

After evaluation with SD-OCT in the group with

macular oedema, the standard deviation of MT in the

6-mm area before exclusion of the artefacts (±449.1)

was considerably larger than after exclusion (±170.3),

whereas the difference between mean macular thickness

values was less considerable. In macular oedema the

presence of intraretinal exudates, intraretinal cysts or

epiretinal membrane may affect the right recognition of
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inner and outer boundaries by the system, with a

consequent increase of the artefacts and with erroneous

thickness measurements. As SD-OCT measures retinal

thickness in every single point, the presence of the

artefacts will greatly influence the standard deviation,

whereas the effect on the mean thickness in the

considered area will be less evident.

In highly myopic eyes, artefacts were present in all

cases at examinations with both Stratus TD-OCT and

SD-SLO/OCT, and significantly influenced the

correlation between the thickness measurements.

Artefacts in high myopia are likely because of axial

elongation and retinal pigment layer thickening, with

consequent misdetection of the retinal boundaries by the

OCT system. In the SD-SLO/OCT data set artefacts were

always distributed out of the central 3-mm area,

forasmuch as the myopic bulb elongation could likely

limit the capacity of the focusing system to follow the

retinal boundaries out of the fovea.

A significant difference in retinal thickness

measurements was present in myopic eyes between

Stratus TD-OCT and SD-SLO/OCT before exclusion of

the artefacts, whereas after exclusion the difference was

not significant. Furthermore, in highly myopic eyes the

MT evaluated with TD-OCT was higher than MT

measured with SD-SLO/OCT. This is in contrast with the

significantly higher retinal thickness found with

SD-SLO/OCT in emmetropic eyes before and after

exclusion of the artefacts. Ocular stretching of highly

myopic eyes determines the hyperreflective outer lines to

be very close to each other. The retinal thickness maps

rely on a computer algorithm to segment the inner and

outer boundaries of the retina, and these algorithms may

fail to identify the boundaries if the retinal architecture is

distorted. Therefore, as in high myopia the IS/OS is often

not visible, both TD- and SD-OCT systems may find a

similar outer boundary, with a consequently reduced

difference between the two systems in thickness

measurement.

In this study, we found a strong correlation between

volume measurements obtained with TD- and SD-OCT.

This correlation was not influenced by the presence of the

artefacts. Total retinal volume has been suggested as a

parameter to be considered to increase intervisit

reproducibility in Stratus OCT, as it samples greater areas

of the macula.7 To obtain retinal volume in a given area,

Stratus TD-OCT multiplies the mean retinal thickness by

that area, whereas SD-SLO/OCT calculates the integral of

the thicknesses in the same known area. Although the

thickness measurements in each point may differ

between the two OCT systems, the evaluated area is

constant. This could explain the strong correlation found

in our series in all the evaluated quadrants. As retinal

thickness comparison seems more influenced by the

segmentation algorithm used by the OCT device, the

retinal volume could represent a point of reference when

comparing retinal maps obtained with Stratus TD-OCT

and SD-SLO/OCT.

This study has the limitation of evaluating only two

OCT devices, each one representing a different OCT

imaging technology. Several SD-OCT systems with

different proprietary segmentation algorithms are being

introduced to ophthalmologists and Stratus OCT is not

the only commercially available TD-OCT. The ratio

between MT measured with SD-SLO/OCT and TD-OCT

was 1.1, whereas it has resulted to be 1.01 in case of a

different SD-OCT device.13 However, our data show that

the different OCT acquisition systems determine

different retinal thickness measurements but scarcely

influence retinal volume measurements.

In conclusion, SD-SLO/OCT produced fewer artefacts

than Stratus TD-OCT in eyes with normal and

oedematous retina. In highly myopic eyes the overall

number of artefacts was the same, although with SD-

SLO/OCT they never involved the central 3-mm area.

Retinal thickness obtained with SD-SLO/OCT was

significantly greater than retinal thickness measured with

Stratus TD-OCT. Therefore, when following patient

progress the use of a single OCT device seems advisable,

otherwise a correcting value of 1.1 should be considered

when extrapolating retinal thickness measurements from

Stratus TD-OCT to SD-SLO/OCT. Retinal volume

measurements showed a strong reproducibility and

could be used to compare examinations with Stratus

TD-OCT and SD-SLO/OCT. Further studies comparing

different TD- and SD-OCT devices are needed to assess

the general validity of our findings.
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