KJO

pISSN: 1011-8942 elSSN: 2092-9382

Korean J Ophthalmol 2011;25(3):166-173
DOI: 10.3341/kjo.2011.25.3.166

Original Article

Comparison of Retinal Nerve Fiber Layer Thickness between
Stratus and Spectralis OCT

Hyun Jin Shin, Byung Joo Cho
Department of Ophthalmology, Konkuk University School of Medicine, Seoul, Korea

Purpose: To compare the peripapillary retinal nerve fiber layer (RNFL) thickness of normal patients and those with
various glaucoma diseases by time domain (Stratus) and spectral domain (Spectralis) optical coherence tomog-

raphy (OCT).

Methods: The RNFL thickness as measured by the Stratus and Spectral OCT was compared (paired t-test). The re-
lationship and agreement of RNFL thickness between the two OCT modalities were evaluated by Pearson corre-
lation, Bland-Altman plot, and area under the receiver operating characteristic curve.

Results: Two-hundred seventeen eyes of 217 patients, including twenty-four normal eyes, ninety-one glaucoma
suspects, seventy-six normal tension glaucoma cases, and twenty-six primary open angle glaucoma cases
(POAG) were analyzed. The peripapillary RNFL thicknesses as measured by Stratus OCT were significantly
greater than those measured by Spectralis OCT. However, in quadrant comparisons, the temporal RNFL thick-
ness obtained using Stratus OCT were significantly less than those obtained using Spectralis OCT. Correlations
between RNFL parameters were strong (Pearson correlation coefficient for mean RNFL thickness = 0.88); a high
degree of correlation was found in the POAG group. Bland-Altman plotting demonstrated that agreement in the

temporal quadrant was greater than any other quadrant.

Conclusions: Both OCT systems were highly correlated and demonstrated strong agreement. However, absolute
measurements of peripapillary RNFL thickness differed between Stratus OCT and Spectralis OCT. Thus, meas-
urements with these instruments should not be considered interchangeable. The temporal quadrant was the only
sector where RNFL thickness as measured by Spectralis OCT was greater than by Stratus OCT,; this demon-

strated greater agreement than other sectors.

Key Words: Retinal nerve fiber layer thickness, Spectral domain optical coherence tomography, Time domain

optical coherence tomography

Glaucoma is an optic neuropathy characterized by specific
and progressive injury to the optic nerve and retinal nerve fi-
ber layer (RNFL). Glaucoma results in field defects and irre-
versible vision loss. As interventions are available that halt or
retard the natural progression of the disease, resulting in
eventual blindness, early detection and diagnosis is very
important. Change in the RNFL thickness is one of the most
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important findings for the early diagnosis and determination
of glaucoma progression [1]. Optical coherence tomography
(OCT) is a non-invasive, cross-sectional imaging technique
that makes routine measurement of RNFL thickness possible
[2]. OCT has been shown to be a highly reproducible imag-
ing modality [3,4] that correlates with ex vivo histologic
measurements of the retina [5,6].

Time domain (TD) OCT is a third-generation modality that
has a resolution of 8 pm to 10 um and is capable of differ-
entiating between healthy and glaucomatous eyes [7,8].
However, the speed of TD-OCT scanning is limited by the
temporal coherence properties of the light source, as well as
the need for a movable reference mirror. In contrast to
TD-OCT, the newer spectral-domain (SD) OCT technology
has a much higher scan speed than TD-OCT. SD-OCT pro-
vides better scan resolution and allows for a greater number
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of scans acquired at a faster rate than TD-OCT technology
[9,10]. These improvements have the potential to provide
clinicians with enhanced tools for the diagnosis and treat-
ment of glaucoma.

However, before a new diagnostic instrument can be ac-
cepted for use in clinical practice, it is important to determine
if measurement from previous generation OCT technologies
are compatible with new generation technologies, as well as
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if these measurements are comparable with each other for de-
termining pathologic changes or disease progression. The aim of
this study was to determine the relationship between peripapil-
lary RNFL thickness measurements from TD-OCT (Stratus) and
SD-OCT (Spectralis) modalities in normal controls and patients
with glaucoma to identify any systemic differences.
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Fig. 1. Example Stratus time domain-optical coherence tomography (OCT) and Spectralis spectral-domain-OCT
scan image and retinal nerve fiber layer thickness map display in the eye of a healthy participant. Imax = inferior
maximum; Smax = superior maximum; Tavg = temporal quadrant average thickness; Navg = nasal quadrant

average thickness; Savg =

superior quadrant average thickness; lavg =

inferior quadrant average thickness;

Avg.Thick = thickness measurements of average; TS = temporal superior thickness; NS = nasal superior thick-
ness; N = nasal thickness; NI = nasal inferior thickness; TI = temporal inferior thickness; T = temporal thick-

ness; G = global thickness.
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After excluding nineteen patients with unreliable test re-
sults, 217 consecutive patients were identified as eligible
participants. The study was conducted between December
2008 and May 2009 at the glaucoma clinic of the Department
of Ophthalmology, Konkuk University Hospital. This study
was approved by the Ethical Committee of Konkuk College
of Medicine. Four groups of participants were enrolled in this
study: normal controls, glaucoma suspects, patients with nor-
mal tension glaucoma (NTG), and those with primary open
angle glaucoma (POAG). Primary angle closure glaucoma
(PACG) was excluded because of too few PACG patients
(nine patients) in this study. Each participant underwent a
complete ophthalmic evaluation including visual acuity test-
ing, intraocular pressure determination as measured by
Goldman applanation tonometry, biomicroscopy, and optic
nerve evaluation, as well as review of previously acquired
Humphrey Visual Field (Carl Zeiss Meditec, Dublin, CA,
USA) examination.

To be included in the study, participants had to have a
best-corrected visual acuity (BCVA) better than or equal to
20 / 40, spherical refraction within +5.0 diopters (D), and
cylinder correlation within +3.0 D. Inclusion criteria for nor-
mal participants was an intraocular pressure (IOP) under 21
mmHg, a normal visual field, a normal appearing optic nerve
head without asymmetry, hemorrhages, or notches, and ab-
sence of any ophthalmic disease, except for mild cataracts.
Those suspected of having glaucoma had one or more risk
factors that may lead to glaucoma, but these participants did
not have definite glaucomatous optic nerve damage or visual
field defects. A normal visual field was defined as a mean de-
viation and pattern deviation within a 95% confidence inter-
val and a glaucoma hemifield test result, “within normal lim-
its”. Patients with glaucoma are characterized by glaucoma-
tous optic nerve damage and visual field defects demon-
strated in at least two consecutive, reliable examinations.
Patients with glaucoma who had an open angle detected by
gonioscopy and a statistically normal IOP were defined as
NTG. Patients with glaucoma who had an open angle and an
IOP equal to or greater than 21 mmHg were defined as
POAG.

Exclusion criteria included patients who presented with a
BCVA worse than 20 / 40, other intraocular eye diseases
(including secondary glaucoma, diabetic retinopathy, age-re-
lated macular degeneration, acute anterior segment diseases,
etc.), optic nerve diseases (including non-glaucomatous op-
tic neuropathy, other disease affecting the visual field), or a
history of intraocular surgery (except uncomplicated cataract
surgeries). This study also excluded those with an unreliable
visual field or low quality, poor signal strength OCT. (Stratus
OCT, signal strength < 6; Spectralis OCT, image quality
score < 16)

Optical coherence tomography technique

Following pupil dilatation with instillation of Mydrin-P

168

ophthalmic solution (Santen Pharmaceutical, Osaka, Japan)
and fixation instruction in one randomly selected eye per par-
ticipant, patients were scanned in a single session, by a single
operator, with both OCT systems, on the same day. Peripapillary
RNFL thickness measurements of average (AvgT), superior
quadrant (Savg), inferior quadrant (Iavg), nasal quadrant
(Navg), and the temporal quadrant (Tavg) were analyzed.
TD-OCT was performed using a Stratus OCT (Carl Zeiss
Meditec) and SD-OCT was performed using a Spectralis
OCT (Heidelberg Engineering, Heidelberg, Germany). In
Stratus OCT, the fast RNFL thickness acquisition protocol
(software ver. 4.0.2) was used. Three scans were consec-
utively acquired using a circle with a standardized diameter
of 3.4 mm. An automated computer algorithm delineated the
anterior and posterior margins of the RNFL. A scan-circle
was positioned around the disc by an experienced operator
and the image was acquired and saved. With Spectral OCT,
RNFL thickness was measured around the disc with 16 aver-
aged consecutive circular B-scans (diameter of 3.5 mm, 768
A-scans); an online tracking system was used to compensate
for eye movement. The RNFL thickness (from Internal limit-
ing membrane inner margin to RNFL layer outer margin)
was automatically segmented using the Spectralis software
ver. 4.0.0.0). Six cases in which the RNFL upper and lower
borders were poorly identified, and required manual correc-
tion were excluded (Fig. 1).

Statistical analysis

Statistical analysis was performed using SPSS ver. 12.0
(SPSS Inc., Chicago, IL, USA). Results are expressed as the
mean + standard deviation. The paired ¢-test was used to
compare RNFL thicknesses between machines. The Pearson
correlation was used to assess the relationship between
Stratus and Spectralis OCT. A Bland-Altman plot of the
mean-paired difference was performed to assess agreement
between OCT instruments. Diagnostic performance between
instruments was compared based on the analysis obtained
from the area under the receiver operating characteristic
curve (AUC) of RNFL thickness in normal control and glau-
coma patients (NTG and POAG groups). Statistical sig-
nificance was defined at values of p <0.05.

Results

Two-hundred seventeen eyes of 217 patients, including
ninety-one glaucoma suspects, seventy-six NTG, twenty-six
POAG, and twenty-four normal patients, were included in
this study. There were 111 women and 106 men; all were
Asian. Table 1 summarizes the demographic and clinical
characteristics of the study participants. The average age of
those in the glaucoma groups was greater than of those in the
normal and glaucoma suspect groups. For all diagnoses, the
mean peripapillary RNFL thickness as measured by Stratus
was significantly greater than those measured by Spectralis.
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Table 1. Demographic data from 217 eyes of the 217 individuals included in the analysis

Normal Glaucoma suspects NTG POAG
No. of Eyes 24 91 76 26
Gender (male / female) 12/12 41 /50 36 /40 17/9
Eye (right / left) 12/12 46 / 45 371739 13/13
Mean age (yr) 453 £ 12.5 50.6 + 8.5 545 £ 11.5 49.3 +£10.5
Age range (yr) 19-57 13-73 23-80 13-71
Mean Snellen visual acuity 20/20 20/20 20/ 25 20/25
Mean IOP (mmHg) 14.51 15.29 16.25 20.22
Cup/disc ratio 0.38 0.52 0.63 0.67
Mean deviation (dB) NA -4.59 -10.41 -11.03
Pattern standard deviation (dB) NA 2.17 8.55 7.35

NTG = normal tension glaucoma; POAG = primary open angle glaucoma; IOP = intraocular pressure; dB = decibel; NA = not applicable.

Table 2. Summary of retinal nerve fiber layer thickness of total volunteers for each quadrant

Stratus Spectralis Correlation coefficient p-value Mean differences (TD-OCT / SD-OCT)
AvgT (um) 98.29 95.90 0.91 <0.001 2.22 +7.65
Savg (um) 116.94 113.32 0.87 <0.001 3.65+12.14
lavg (um) 123.86 119.71 0.90 <0.001 4.25 +9.49
Navg (um) 75.37 70.45 0.75 <0.001 4.58 + 13.74
Tavg (um) 77.12 80.36 0.91 <0.001 -3.41 £+ 9.68

TD = time domain; OCT = optical coherence tomography; SD = spectral-domain; AvgT = thickness measurements of average; Savg =
superior quadrant; lavg = inferior quadrant; Navg = nasal quadrant; Tavg = temporal quadrant.

Table 3. Summary of mean paired RNFL thickness and differences for each disease diagnosis group

TD-OCT SD-OCT p-value Mean differences (TD-OCT / SD-OCT)
Normal (um)
AvgT 110.88 106.38 <0.001 4.50 +4.24
Savg 132.50 125.00 <0.001 7.50 + 8.88
lTavg 138.42 132.46 0.011 5.96 +10.37
Navg 80.25 78.50 0.103 1.75 + 4.94
Tavg 92.75 91.04 0.005 1.71 +2.61
Glaucoma suspect ()
AvgT 104.21 101.78 0.003 2.43 +2.43
Savg 125.07 121.48 0.008 3.58 +3.58
lTavg 133.10 129.05 <0.001 4.04 +4.04
Navg 80.71 73.77 <0.001 6.05 + 6.05
Tavg 78.24 82.87 <0.001 -5.48 +-5.48
NTG (um)
AvgT 90.77 89.34 0.88 1.63 + 8.18
Savg 107.38 104.70 0.59 2.68 +12.13
Javg 113.82 110.36 0.05 3.46 +10.43
Navg 69.83 66.39 0.29 3.43 +13.37
Tavg 73.12 76.03 0.09 291 +9.44
POAG (um)
AvgT 86.62 81.46 <0.001 5.15 + 6.06
Savg 103.04 94.73 <0.001 8.31 +9.94
lJavg 103.92 96.92 0.001 7.00 + 7.94
Navg 69.58 61.04 0.029 8.54 + 11.55
Tavg 69.50 73.58 <0.001 -4.08 + 8.83

TD = time domain; OCT = optical coherence tomography; SD = spectral-domain; AvgT = thickness measurements of average; Savg =
superior quadrant; lavg = inferior quadrant; Navg = nasal quadrant; Tavg = temporal quadrant; NTG = normal tension glaucoma; POAG
= primary open angle glaucoma.
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Table 4. Pearson correlation coefficient of retinal nerve fiber layer thickness between Stratus OCT and Spectralis OCT

AvgT Savg lavg Navg Tavg p-value of each parameter
Normal (um) 0.89 0.88 0.67 0.93 0.99 <0.001
Glaucoma suspects () 0.69 0.66 0.82 0.64 0.66 <0.001
NTG (um) 0.84 0.84 0.91 0.67 0.85 <0.001
POAG (um) 0.95 0.95 0.96 0.88 0.91 <0.001

OCT = optical coherence tomography; AvgT = thickness measurements of average; Savg = superior quadrant; lavg = inferior quadrant;
Navg = nasal quadrant; Tavg = temporal quadrant; NTG = normal tension glaucoma; POAG = primary open angle glaucoma.
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Fig. 2. Bland-Altman plots of quadrant retinal nerve fiber layer (RNFL) thickness values between Stratus optical coherence tomography (OCT)
and Spectralis OCT for the: (A) superior, (B) inferior, (C) nasal, and (D) temporal quadrants. The difference (Stratus OCT RNFL thickness
- Spectralis OCT RNFL thickness) was plotted against the average of both measurements (Stratus OCT RNFL thickness + Spectralis OCT
RNFL thickness/2) for all participants in each quadrant. SD = standard deviation.

In comparisons of quadrants, the temporal RNFL thickness
obtained using Stratus was significantly less than that ob-
tained using Spectralis (Table 2). The average RNFL thick-
ness for normal patients as measured by Stratus was 110.88 £+
9.61 um, whereas the average RNFL thickness as measured
by Spectralis was 106.38 £9.01 pum. The average RNFL
thickness for glaucoma suspects was 104.21 £ 10.13 pm us-
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ing Stratus and 101.78 = 8.74 um using Spectralis. Using the
]Stratus method, the mean RNFL thicknesses in NTG and
POAG groups were 90.77 + 14.82 um, 86.62 =+ 19.58 pum, re-
spectively (mean + standard deviation). When using the
Spectralis method, mean RNFL thickness in NTG and
POAG groups were 89.34 + 13.6 um and 81.46 + 19.73 um,
respectively (mean + standard deviation). When compar-
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Table 5. Area under the receiver operating characteristic
curve (95% confidence Intervals) for Stratus OCT and
Spectralis OCT

Stratus OCT Spectralis OCT
AvgT 0.913 (0.849-0.956) 0.888 (0.819-0.937)
Savg 0.858 (0.784-0.914) 0.800 (0.719-0.866)
Tavg 0.859 (0.786-0.915) 0.854 (0.780-0.910)
Navg 0.702 (0.614-0.780) 0.794 (0.712-0.860)
Tavg 0.858 (0.785-0.914) 0.708 (0.620-0.785)

OCT = optical coherence tomography; AvgT = thickness measurements
of average; Savg = superior quadrant; lavg = inferior quadrant;
Navg = nasal quadrant; Tavg = temporal quadrant.
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Fig. 3. Comparison of the receiver operating characteristic curves
of average retinal nerve fiber layer thickness in Stratus optical co-
herence tomography (OCT) (dash-dotted line) and Spectralis OCT
(solid line).

ing Stratus versus Spectralis methods between the various
groups, p-values by paired z-test were as follows: normal
controls Stratus > Spectralis, p < 0.001; suspect cases Stratus
> Spectralis, p = 0.003; NTG Stratus > Spectralis, p = 0.88;
PO A G Stratus > Spectralis, p < 0.001. RNFL measurement
differences may vary with the specific disease diagnosis. NTG
groups demonstrated a statistical difference only in Iavg.
However, both glaucoma suspects and the POAG group
demonstrated statistical significance in all measurements
(Table 3).

The Pearson correlation coefficient for the mean RNFL
thicknesses between the two instruments was 0.91 (p <
0.001). The RNFL thickness as measured by Stratus OCT
and Spectralis OCT were correlated in all sectors, including
the average RNFL thickness. However, these correlations
were weaker in the nasal quadrant. The glaucoma suspect
group demonstrated a relatively low correlation coefficient
when compared to the other groups. However, a high degree
of correlation was found in the POAG group (Table 4).

A Bland-Altman plot of the mean paired difference was

performed to assess agreement between the two imaging
modalities. Fig. 2 demonstrates the Bland-Altman plot for
the individual quadrants. The 95% agreement limit for each
comparison was -16.3 um to 24.4 um for the superior quad-
rant, -14.1 pm to 22.7 pum for the inferior quadrant, -18.0 um
to 27.9 pum for the nasal quadrant, and -16.9 pm to 12.4 um
for the temporal quadrant. There was greater variation in the
superior and nasal plots, as evidenced by a wide spread;
agreement of the temporal quadrant was greater than the oth-
er quadrants.

Table 5 shows the AUC values of the average RNFL thick-
ness and quadrant RNFL thickness in normal control and
glaucoma patients (NTG and POAG groups). At a specificity
of 95%, the sensitivities were 73.8% for Stratus and 70.6%
for Spectralis. The AUC of average RNFL thickness in
Stratus was 0.913 (95% confidence intervals, 84.9% to
95.6%, p <0.001) and that of Spectralis was 0.888 (95% con-
fidence intervals, 80.9% to 93.7%, p < 0.001). The average
RNFL thickness parameter demonstrated the best diagnostic
performance for the OCT compared to any other quadrant
(Savg, 0.858; Ilavg, 0.859; Navg, 0.702; Tavg, 0.858 in
Stratus / Savg, 0.800; lavg, 0.854; Navg, 0.794; Tavg, 0.708
in Spectralis). In average RNFL thickness, the AUC of stra-
tus OCT was greater than that of spectralis OCT. However,
there was no statistically significant difference (p = 0.232)
(Fig. 3).

Discussion

Since its introduction in 1991, OCT has quickly become an
integral part of glaucoma diagnosis [2]. As a quick, high-res-
olution imaging device, OCT uses laser light to acquire an in
vivo image of the retina [ 11]. Currently, the most widely used
TD-OCT machine, the Stratus OCT, has a theoretical reso-
lution of <10 pum [12]. It acquires images by evaluating the
interference pattern created by the echo time delays of back-
scattered light from the patient’s retina and those from a
moving reference mirror. In the most recent development in
SD-OCT, the Spectralis gathers depth information from the
spectral data by Fourier transformation, eliminating the need
for a moving reference mirror and allowing for more efficient
data acquisition [13,14].

The results of the current study demonstrate that Spectralis
RNFL measurements correlate well with those from the
Stratus OCT. However, the absolute measures
of peripapillary RNFL thickness differed between the
Stratus and Spectralis modalities. These results are similar to
previous data, suggesting that there is a systemic difference in
measurement values between another SD-OCT, the Cirrus
OCT (Carl Zeiss Meditec) and the Stratus OCT [15,16].
Knight et al. [15] determined RNFL thickness differences
existed between the Stratus OCT and Cirrus OCT, and thus
their data cannot be directly compared. The Stratus OCT
delivers thicker RNFL measurements than the Cirrus OCT,
although the correlation between these instruments was
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good.

Han and Jaffe [17] studied 290 patients and obtained fo-
veal thickness measurements from TD-OCT (Stratus) and
SD-OCT (Spectralis and Cirrus) instruments. They determined
that foveal thickness measurements obtained using SD-OCT
is consistently greater than those obtained using TD-OCT
[17]. This difference occurred because the segmentation al-
gorithms for the two instrument sets differ in their respective
outer retinal boundaries (Stratus, the outer segment line
overlies the photoreceptor inner segment / outer segment
junction; Spectralis, the outer segmentation line overlies the
retinal pigment epithelium / Bruch membrane). However, in
peripapillary RNFL thickness measurements, contrary to
the foveal thickness measurements, the TD-OCT RNFL
thickness is greater than that measured by SD-OCT. The
reason for this finding is unclear. We speculate that there are
several possible reasons for this finding.

First, Stratus OCT measures RNFL thickness within a 3.4
mm diameter at the center of the optic disc, while Spectralis
OCT measures within a diameter 3.5 mm. At greater distance
from optic disc, the RNFL thickness is thinner hence, different
ways of measuring RNFL thickness could yield the discrepancy.

Second, as signal strength has been demonstrated to affect
RNFL thickness measurements using TD-OCT [18,19], dif-
ferences in signal strength between the two OCT systems are
capable of creating considerable discrepancy. In the current
study, we did not adjust for signal strength as there were no
reliable data regarding the correlation between signal
strength and RNFL thickness changes using the Spectralis
method. However, only scans with adequate signal strength
and image quality were included (Stratus OCT, signal strength
> 6; Spectralis OCT, image quality score > 16).

Third, another possibility for this discrepancy could be re-
lated to differences in detection algorithms and data analysis
methods for measurements between foveal and peripapillary
thicknesses. Also, in the current study, the temporal quadrant
measurements demonstrated the strongest agreement be-
tween the two OCT systems; the temporal quadrant was the
only sector where the RNFL thickness, as measured by
Spectralis, was greater than that measured by Stratus. These
findings suggest that the temporal quadrant measurements
reflect the actual RNFL thickness most accurately.

It is likely that the Spectralis method provides higher reso-
lution than the Stratus method, and may also provide more
accurate measurements. However, the hypothesis that
SD-OCT is more sensitive to detect decreased RNFL thick-
ness is debatable. Despite the technological improvements of
SD-OCT, in actual clinical settings, TD-OCT is still more
widely used to differentiate between healthy eyes and eyes
with glaucoma, due to more versatile software. Beyond tech-
nological improvements with SD-OCT, this modality should
allow for more diagnostic parameters for glaucoma.

The current study has several limitations. PACG patients
were not included because there were few PACG participants
(nine patients) in this study. Second, as the OCT images were
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obtained on the same day and in a single session, this may un-
derestimate the actual variation in measurements; nevertheless,
quality assessment was carefully performed. Third, usually
RNFL thickness measured with OCT was significantly cor-
related with age and axial length [20]. However, in this study
we did not consider potential influential factors for RNFL
measurements, including optic disc area and ethnic variation.
Future studies should address which instrument offers great-
er accuracy in estimating the true RNFL thickness. Also, the
reproducibility, sensitivity, and specificity between two OCT
instruments needs to be further studied. More large-scale
analysis trials including PACG patients and considering var-
iant potential influential factors will be necessary in the future.

The results of the current study demonstrate that SD-OCT
and TD-OCT thickness measurements are highly correlated.
The correlation was particularly strong in the POAG group
when compared with the normal, glaucoma suspects, and
NTG groups. Although good correlation was found for all
parameters, TD-OCT RNFL measurements were thicker
than SD-OCT measurements; this was especially true in the
POAG group. Thus, absolute measures of peripapillary
RNFL thickness using these two instruments should not be
considered interchangeable. The temporal quadrant was the
only sector where the RNFL thickness measured by Spectralis
was thicker than that measured by Stratus; this quadrant also
demonstrated a greater agreement than other quadrants. It is
possible that the temporal quadrant measurement is the most
sensitive parameter for reflecting the true peripapillary
RNFL thickness. Future studies are required to obtain more
information and confirm these results.
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