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Abstract

Purpose To study the relationship between

retinal nerve fiber layer (RNFL) thickness

measurements from time domain (Stratus) and

spectral domain (Cirrus HD) optical coherence

tomography (OCT) in subjects with optic neuritis.

Methods A total of 18 patients who had

suffered monocular acute optic neuritis were

imaged by a single trained operator using the

Stratus-OCT (fast RNFL scan mode) and

Cirrus HD-OCT (optic disc cube mode) on the

same day. The relationship between RNFL

thickness measurements of the two OCTs

(overall and by quadrants) were evaluated

using intraclass correlation coefficient (ICC)

and Bland–Altman plots. Comparisons

between eyes having optic neuritis

(ON-group) and fellow eyes (fellow-group)

were assessed by a generalized estimating

equation (GEE) regression model.

Results For Stratus-OCT, the median average

RNFL was 86.3 and 102l in the ON-group

and in the fellow-group, respectively. For

Cirrus-OCT, the corresponding measurements

were 81 and 93l. Average RNFL thickness

as determined by the two OCT devices was

well correlated in the ON-group (q¼ 0.906,

Po0.001) and in the fellow-group (q¼ 0.702,

P¼ 0.001). The median signal strength was

significantly higher with Cirrus-OCT.

Bland–Altman plots showed that Stratus

RNFL measurements were larger than

Cirrus-OCT, but smaller when average

RNFL thickness was very thin (r56l).

Conclusions Although the Cirrus-OCT and

Stratus-OCT RNFL thickness measurements

are well correlated in patients with optic

neuritis, RNFL measurements cannot be

directly compared. Clinicians should be aware

that measurements are generally higher

with Stratus- than with Cirrus-OCT.
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Introduction

Optical coherence tomography (OCT) is a

high-resolution imaging device that applies

the principle of interferometry to acquire

in vivo measurements of retinal nerve fiber

layer (RNFL) thickness.1

The third-generation instrument, Stratus-OCT

(Carl-Zeiss Meditec, Inc., Dublin, CA, USA) relies

on time-domain technology. Newer versions of

OCT use spectral-domain technology, such as the

Cirrus HD-OCT (Carl-Zeiss Meditec, Inc.). These

OCTs offer faster scan speed and higher image

resolution for RNFL imaging than conventional

time-domain OCT.2

Several studies have focused on the

measurements and reproducibility of RNFL

thickness using Stratus-OCT after optic neuritis

(ON) and multiple sclerosis (MS).3–13 In fact,

lower RNFL values correlate with impaired

visual function. OCT is a promising tool for

evaluating atrophy in patients with ON and MS,

and it could evolve into an important primary

or secondary outcome measure for MS clinical

trials and patient care.8,14,15 In such case, the

different measurements provided by these

two OCTs devices should be considered.
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Recently, some studies have compared the RNFL

measurement agreement between Cirrus HD-OCT and

Stratus-OCT in glaucoma patients.16–22 To our knowledge

no previous studies have been published comparing the

RNFL thickness in patients having ON with Stratus-OCT

and Cirrus HD-OCT. The purpose of this study was to

compare the RNFL measurements using Stratus-OCT

and Cirrus HD-OCT in patients who had a previous

episode of monocular ON to identify any differences.

Methods

Participants

Patients with a single previous episode of unilateral

ON seen from January 2004 to July 2008 at the

Neuro-Ophthalmology Department of Ramon y Cajal

Hospital were invited to participate in this study.

The diagnosis of typical ON was on the basis of

clinical criteria, including visual loss in the affected eye,

presence of a relative afferent pupillary defect, a visual

field defect and pain that increased with eye movement.

Inclusion criteria were the presence of an acute, unilateral

episode of ON at least 6 months before the beginning

of the study, no signs or symptoms of a previous episode

in either eye and aged between 18 and 45.

Exclusion criteria were presence of an ocular

pathology other than ON, intraocular pressure higher

than 21 mm Hg and a refractive error greater than

5.0 diopters (D) of spherical equivalent or 3.0 D of

astigmatism in either eye.

All participants gave their informed consent to be included

in the study according to the declaration of Helsinki. The

study was approved by the hospital ethics committee.

All patients who met the study criteria underwent a

complete ophthalmological evaluation including snellen

visual acuity (VA) testing, biomicroscopy of the anterior

and posterior segments, intraocular pressure

measurement and visual field testing with Humphrey

field analyzer (HFA) using 24-2 Swedish Interactive

Threshold Algorithm (SITA) standard strategy

(Carl-Zeiss Meditec).

Patients were randomly scanned with both, Cirrus-HD

and Stratus-OCT, on the same day by one trained

operator (GA).

Optical coherence tomography

For the Stratus-OCT (software version, 4.0), the Fast

RNFL 3.4 scan protocol was used. It consists of a series

of three consecutive 3.46-mm diameter circum-

papillary scans, with 256 A-scans taken over 1.92 s.

All poor-quality scans were excluded, defined as those

with signal strength of o6, decentration of the

measurement circle location assessed subjectively or

images with horizontal eye motion observed within the

measurement circle.

For the Cirrus HD-OCT (software version 3.0) the

acquisition rate is 27000 A-scans per second, nearly

70 times faster than time-domain technology. The

protocol used was the Optic Disk Cube 2. It generates

a cube obtained from a three-dimensional data set

composed of 200 A-scans from each of 200 B-scans that

cover a 6-mm2 area. The software automatically

determined the center of the disc and then extracted a

circumpapillary circle (3.46 mm in diameter) from the

cube data set for RNFL thickness measurement. We used

the same signal-strength cutoff value as for the

Stratus-OCT, and we excluded scans with movement

artifacts.

Both OCT technologies provide average RNFL

thickness measurements overall and by quadrants

(superior, inferior, nasal, and temporal) and 12 h,

including classification by an internal normative

database. For both OCTs, normative classification

consisted of four categories: the 95th to 100th percentiles

were hypernormal (white color on thickness map);

5th to 95th percentiles were normal (green); 1st to 5th

percentiles were borderline (yellow); and o1st

percentiles was abnormal (red). Right-hand orientation

was used for documentation of clock-hour

measurements, so that 9 o’clock represents the

temporal side of the optic disc for both right and

left eyes. For this study, we have considered as

abnormal both red and yellow categories.

All analyses were performed using the Statistical

Package SPSS 15.0 for Windows (SPSS Inc., Chicago,

IL, USA). Of the three scans taken for each, the one

with the best signal score and least motion artifact was

chosen as the single best scan.

All results were considered from non-parametric

variables and were expressed by the formula

median±interquartile range.

Comparisons between the ON-group and the

fellow-group were made by a generalized estimating

equation (GEE) regression model because data cannot

be considered completely independent as both groups

belong to the same patient. The percentage of eyes with

abnormal RNFL thickness (as determined by the two

OCTs) was compared using Cohen’s kappa coefficient.

The relationships between the two OCTs

measurements were assessed by Spearman’s correlation

analysis. Intraclass correlation coefficient (ICC) was

also used to compare the Cirrus and Stratus RNFL

measurements. A Bland–Altman plot was graphed to

assess the agreement between the two instruments.

P-value less than 0.05 was considered statistically

significant.
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Results

A total of 22 Caucasian patients (7 males and 15 females)

who had unilateral ON were enrolled in this study and

imaged with Stratus- and Cirrus-OCT. Four eyes were

finally excluded from the study owing to the poor

image quality. Two of these eyes had signal strengths of

o6 (one of them in Cirrus and the other one in Stratus)

and two eyes had horizontal eye motion within the

Cirrus measurement circle.

Table 1 summarizes clinical and demographical

characteristics of the subjects. The median age was 39.

Median time lapsed from the ON was 2.5 years. Median

visual acuity (VA) was significantly worse in ON-eyes

than in fellow-eyes (P¼ 0.001). ON-eyes had significantly

lower average RNFL thickness than fellow-eyes

using both Stratus- and Cirrus-OCT (P¼ 0.001).

The median signal strength was significantly higher

with Cirrus-OCT (median: 9) than with Stratus

(median signal 8) (P¼ 0.002).

The respective median average RNFL thicknesses

measured by Stratus-OCT and Cirrus-OCT were 86.3 m
(76–104.8) and 81 m (72.5–93) for the ON-group and

102m (95–114.9) and 93.5 m (86.5–106) for the fellow-eye

group (P¼ 0.001) (Table 1).

The average and quadrant RNFL thicknesses obtained

from Cirrus HD-OCT were less than those obtained

with Stratus-OCT (Table 2) in both groups, except in

the nasal and temporal quadrant of ON-group.

The RNFL thickness measured by Stratus-OCT and

Cirrus-OCT were significantly correlated in all quadrants

and average thicknesses (except in the temporal

quadrant of the fellow-eyes group) (Table 2, Figure 1).

In the ON-group the best correlation between

measurements was found in the average thickness

(r¼ 0.906; Po0.001) and in the nasal quadrant thickness

(r¼ 0.836; Po0.001). These correlations were weaker in

temporal, superior, and inferior quadrants. Similar

results were found in the fellow-eye group (Table 2).

The ICCs for the average, superior, inferior, nasal,

and temporal RNFL thicknesses were 0.831, 0.613, 0.593,

0.765, and 0.609 in the ON-group and 0.623, 0.646. 0.544,

0.712, and 0.403 in the fellow-group, respectively.

Considering yellow and red colors as abnormal, Cirrus

HD-OCT classified higher percentage of ON-eyes as

having abnormal average thickness (44.4%) than

Stratus-OCT (38.8%). The k coefficient obtained

between both OCTs was 0.889.

Figure 2 shows the Bland–Altman plots evaluating

the agreement of RNFL measurements obtained with

Cirrus HD-OCT and Stratus-OCT in ON-eyes. The

Stratus measurements are higher than Cirrus at thicker

RNFL values but smaller at thinner RNFL values.

Discussion

The widespread use of the OCT in the assessment of the

optic nerve has revolutionized management and

understanding of neuro-ophthalmic diseases. Cettomai

et al13 demonstrated that mean RNFL thickness in

patients with MS can be reproducibly measured by

trained technicians using the OCT-3 model. They found

excellent agreement with respect to interrater (ICC, 0.89),

intrarater (ICC, 0.98), and intervisit (ICC, 0.91) results.

The development of new OCT technologies such as the

Cirrus HD spectral-domain OCT, with better resolution

and reproducibility18 give us a new useful device for

daily clinical practice. However, the appearance of a new

technology also implies the need of assessing its

correlation with previous existing technologies. Several

studies have evaluated the agreement between Cirrus-

and Stratus-OCT measurements in normal patients and

patients with glaucoma,16–22 nevertheless to our

knowledge no previous studies have been published

Table 1 Clinical characteristics of the study population

ON-eyes
(N¼ 18)

Fellow-eyes
(N¼ 18)

Pa

Median snellen VA 1 (0.9–1.2) 1.2 (1–1.35) 0.001

Median MD �2.35 (�3.6 to �1.4) �1.49 (�2.9 to �0.3) 0.073

Median PSD 1.79 (1.6–2.5) �1.62 (1.4–2.4) 0.145

Median RNFL
Stratus-OCT 86.3 (76–104.8) 102 (95–114.9) 0.001

Cirrus-OCT 81 (72.5–93) 93.5 (86.5–106) 0.001

Abbreviations: MD, mean deviation; OCT, optical coherence tomography;

ON, optic neuritis; PSD, pattern standard deviation; RNFL, retinal nerve

fiber layer; VA, visual acuity.

Data are expressed as median (range).
aGeneralized estimating equation regression model.

Table 2 Average and quadrant RNFL thickness in ON-eyes and
fellow-eyes

Thickness by
Stratus (mm)

Thickness by
Cirrus (mm)

Spearman P

ON-GROUP (N¼ 18)
Average 86.3 (76–104.8) 81 (72.5–93) 0.906 o0.001

Temporal 54 (45.5–78) 55 (43–59) 0.664 0.003

Superior 114.5 (90.8–133.5) 95 (91–115.2) 0.575 0.012

Inferior 114 (93–134.2) 102 (85.7–117) 0.579 0.012

Nasal 64 (57.5–77.2) 67.5 (59.7–73) 0.836 o0.001

Fellow-GROUP (N¼ 18)
Average 102 (95–114.9) 93.5 (86.5–106) 0.702 0.001

Temporal 69.5 (64.2–67.2) 64.5 (61.2- 71) 0.364 0.138

Superior 125.5 (115.7–149) 109 (102.5–133.5) 0.628 0.005

Inferior 132 (116.5–153.7) 125 (108–144.2) 0.657 0.003

Nasal 87.5 (66.2–91) 75.5 (63–84.2) 0.80 o0.001

Abbreviations: ON, optic neuritis; RNFL, retinal nerve fiber layer.

Data are expressed as median (range).
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comparing RNFL thickness in patients with ON scanned

with Stratus-OCT and Cirrus-OCT.

As previously reported,4–12 ON-eyes had significantly

lower average RNFL thickness than fellow-eyes using

both Stratus- and Cirrus-OCT (P¼ 0.001).

The results of this study demonstrate that Cirrus

RNFL measurements correlate well with those from

Stratus-OCT in patients with ON. However, the

measurements obtained were different. These

measurements are generally higher with Stratus than

with Cirrus, except when the RNFL is very thin.

In fact, when average thicknes was r56 m, Cirrus

gave a higher value compared with Stratus.

Although the patterns of RNFL loss are different

in ON compared with other diseases such as glaucoma,

with the highest degree of RNFL loss in the temporal

quadrant,10,23 our findings are similar to that previously

observed in glaucoma patients.

Knight et al16 reported a systematic difference in

measurement values between the two instruments.
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Figure 1 Average RNFL thickness as measured by Stratus and Cirrus HD-OCT in ON-eyes group (Left) and fellow-eyes group
(Right). X axis: average RNFL thickness by Stratus-OCT; Y axis: average RNFL thickness by Cirrus HD-OCT.
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Figure 2 Bland–Altman plots of agreement between Stratus-OCT and Cirrus-OCT for the average, superior, inferior, temporal, and
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Cirrus measured thinner at thicker RNFL values and

thicker at thinner glaucomatous RNFL values. Therefore,

the difference is not in a single direction. In fact, in the

ON-group, the nasal and temporal RNFL thicknesses

obtained from Cirrus HD-OCT were 3.2 and 1 m,

respectively, thicker than that obtained with Stratus-OCT.

Considering both groups, the average and the nasal

quadrant had the stronger correlation between the Cirrus

and Stratus-OCT RNFL thickness measurements

(Table 2). However, in glaucoma patients, Sung et al17

found that the correlations were weaker in the nasal

quadrant. Differences in the distribution of RNFL

damage between glaucoma and ON might explain these

differences. In fact, RNFL thickness in patients with

ON and/or MS is thinner than in controls, particularly in

the temporal quadrant.23,24 Rebolleda et al25 evaluated

50 patients after unilateral ON by Stratus-OCT and they

found a significant inverse correlation between the

C/D ratios asymmetry and RNFL thickness, mainly in

the temporal quadrant. In this study, measurements

are higher with Cirrus than Stratus at thinner RNFL

values (Figure 2). According to this finding, the median

temporal quadrant RNFL thicknesses in ON-group

obtained from Cirrus HD-OCT (55 m) was higher than

those obtained with Stratus-OCT (54 m) (Table 2).

Although this study demonstrates that RNFL thickness

measurements in ON scanned with Stratus-OCT correlate

well with those from Cirrus-OCT, it does not mean

that the measurements are the same. As reported in

previous studies with normal and glaucomatous

patients, RNFL thickness measurements are generally

higher with Stratus.

There are several possible explanations for the

differences observed. The two instruments use

different scan registration technologies, algorithms,

data processing, and analysis. Moreover, segmentation

algorithm is different; Cirrus aims to identify the bottom

of the fiber layer, whereas Stratus attemps to localize the

top of the ganglion cell layer.16 Each patient was scanned

by one examiner on the same two instruments on the

same day. In the same environment it was more

difficult to obtain the same signal-scored images with the

Cirrus-OCT than the Stratus-OCT. In fact, three of the

four eyes were excluded owing to the poor image

quality with Cirrus-OCT. However, in cases with signal

strength Z6, the median signal strength was higher with

Cirrus-OCT than with Stratus-OCT (P¼ 0.002). This

finding has been previously mentioned by other authors

in glaucoma patients.20

Cirrus-OCT assigned more ON-eyes as abnormal

based on internal normative database (44.4 vs 38%). This

might be because of the higher scan resolution and more

accurate data registration of this instrument. Because

there is no external validation for measurements taken

from either instrument, it is not possible to know

which instrument is more accurate.

Limitations of this study include the use of a small

population of patients having a single ON episode.

Imaging patients having MS or several episodes of ON

might result in different outcome in terms of RNFL

thickness differences.

OCT is evolving into an important primary or

secondary outcome metric for MS clinical trials and

patient care.26 OCT’s advancement into spectral domain

refined its ability to measure RNFL by increasing scanner

speed. If refining the retinal segmentation algorithm to

define RNFL better produces lower RNFL values, each

newer generation instrument may find their RNFL

values to be lower than the current version. Clinicians

should be aware that there are systematic differences

between the two instruments. From a clinical point

of view, patients who are part of clinical trials that

require a high degree of consistency with RNFL

thickness measurements may not be able to interchange

between Stratus- and Cirrus-OCT. Perhaps, in the

case of switching from Stratus- to Cirrus-OCT

technology, the best strategy for switching from one to

the other during the follow-up of a patient may be to

perform a follow-up Stratus scan to determine whether

there has been a change from prior Stratus scans and

then perform a new baseline scan with Cirrus for future

comparison.10

In conclusion, our findings show that RNFL thickness

measurements by Cirrus HD-OCT and Stratus-OCT

were different in patients having ON, although the

two measurements were well correlated. Stratus

measurements are generally higher than Cirrus, except

at thinner RNFL values. Further work is needed to

establish the role of the Cirrus-OCT in the detection

and monitoring of ON-eyes and patients with MS in

comparison with the conventional Stratus-OCT.
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Summary

What was known before

K RNFL thicknes correlates with visual function in optic
neuritis and multiple sclerosis. Several studies have
focused on the measurements of RNFL thickness using
Stratus-OCT.

What this study adds

K RNFL thickness measurements by Cirrus HD-OCT and
Stratus-OCT are different in patients having optic neuritis,
although the two measurements are well correlated
Stratus measurements are generally higher than Cirrus,
except at thinner RNFL values.
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Optical coherence tomography versus automated perimetry
for follow-up of optic neuritis. Acta Ophthalmol Scand 2006;
84: 790–794.

5 Noval S, Contreras I, Rebolleda G, Muñoz-Negrete FJ.
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