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Purpose: To evaluate the effects of various factors on the variability of retinal nerve fiber layer (RNFL) thickness
measurements using the Stratus optical coherence tomography (OCT) in normal and glaucomatous eyes.

Methods: Four hundred seventy-four subjects (103 normal eyes and 371 glaucomatous eyes) were scanned
to determine the RNFL thickness measurements using the Stratus OCT. Measurements were obtained twice
during the same day. The standard deviation (SD) was used to compare the variability in RNFL thickness
measurements of the normal subjects to that of the glaucomatous patients. Multivariate regression analysis
was used to evaluate which covariates were independent predictors of SD in overall mean RNFL thickness.

Results: The mean SD of all RNFL thickness measurements was larger in the glaucoma group except in one
sector. In the multivariate regression analysis, the average signal strength (SS) and the relative SS change
(difference in SS between initial and repeat scans, divided by initial SS) were independent predictors of the SD
in the RNFL thickness measurements (partial R* = 0.018, 0.013; p = 0.016, 0.040, respectively).

Conclusions: Glaucomatous eyes tend to be more variable than normal eyes in RNFL thickness measurement
using the Straus OCT. The average SS and the relative SS changes appear to correlate with the variability in
RNFL thickness measurement. Therefore, the results of the RNFL analysis should not be interpreted indepen-

dently of these factors.
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Glaucoma, an optic neuropathy associated with the
progressive loss of retinal ganglion cells, results in the ir-
reversible thinning of the retinal nerve fiber layer (RNFL)
[1,2]. Previous studies support the idea that damage to the
optic nerve and the nerve fiber layer can often be identi-
fied before alterations in the visual field are detected [3-5].
Autopsy studies have shown that 30% to 50% of the retinal
ganglion cells may be lost before an abnormality appears
on standard achromatic perimetry [6,7]. Clinical examina-
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tion and red-free photography are limited in their ability to
quantify subtle changes in the RNFL over time. A reliable
method to accurately measure RNFL thickness would be
helpful in identifying early glaucomatous changes. This
early detection would allow discrimination of normal and
abnormal RNFL thicknesses. With the use of optical im-
aging techniques, the assessment of RNFL became more
objective and quantitative.

Optical coherence tomography (OCT), first described
by Huang et al. [8], offers a high resolution cross-sectional
imaging technique that allows for the in vivo measurement
of RNFL thickness. After improving the capabilities of
this instrument, refinements have been incorporated into
the third generation version, named the Stratus OCT (Carl
Zeiss Meditec, Dublin, CA, USA). The Stratus OCT is able
to quantify the thickness of the RNFL at a resolution of
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approximately 8 to 10 um. Studies evaluating the repro-
ducibility of the Stratus OCT have shown that this imag-
ing technique obtains measurements with a high degree of
reproducibility [9-12]. Budenz et al. [9] reported that same-
day RNFL thickness measurements had a test-retest vari-
ability, calculated as two times the standard deviation (SD),
that ranged from 3.5 to 4.7 pm in normal eyes and 5.2 to 6.6
um in glaucomatous eyes. Budenz et al. [10] also concluded
that, when comparing two mean RNFL values obtained on
different days in the same eye, an 8 um decrease in thick-
ness might be accepted as within normal limits of test-
retest variability with 95% tolerance.

Although most of these studies reported good measure-
ment reproducibility, there were factors that are likely to
affect the variability of the RNFL thickness measurements
using the Stratus OCT. These factors include RNFL thick-
ness, refractive error (RE), axial length (AL), presence
of a visual field defect, age, and signal strength (SS). The
effects of such factors on the reliability of measurements
should be taken into consideration when designing meth-
ods for detecting progressive changes in patients with
glaucoma.

The purpose of this investigation was to evaluate the
effects of various factors on the variability of RNFL thick-
ness measurements using the Stratus OCT in normal and
glaucomatous eyes.

Materials and Methods

This study was performed in adherence with the Decla-
ration of Helsinki and after approval from the Institutional
Review Board and the ethics committee of Kangbuk Sam-
sung Hospital in Seoul, Korea. Subjects were recruited
from the outpatient glaucoma service of the Department
of Ophthalmology, Kangbuk Samsung Hospital. This pro-
spective study looked at 658 eyes in 658 participants. All
subjects gave their consent prior to inclusion in the study.

All subjects underwent not only a full medical and ocu-
lar history, but also a detailed ocular examination, includ-
ing visual acuity. The intraocular pressure measurement
was obtained using the Goldman applanation tonometer.
Slit lamp and fundus examinations were also performed.
Perimetry was performed by experienced technicians us-
ing the Humphrey Visual Field Analyzer (Carl Zeiss Med-
itec) using the 30-2 SITA Standard algorithm. The AL was
measured with the IOLMaster (Carl Zeiss Meditec). The
RE was the spherical equivalent measured with an auto
ref-keratometer (RK-F1; Canon, Tokyo, Japan).

Normal participants were included if their bilateral high-
est documented intraocular pressure (IOP) was 22 mmHg.
Bilateral normal eye examination findings, including
dilated fundus examination, and bilateral normal visual
field results were also noted. The normal visual field re-
sults were defined as a pattern standard deviation (PSD)
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within the 95% normal limits, and a glaucoma hemifield
test (GHT) resulted as “within normal limits” or “abnor-
mally high sensitivity.” Subjects with glaucoma included
those with diagnoses of any form of glaucoma, defined
as optic disc abnormalities consistent with glaucomatous
optic neuropathy with or without visual field loss. Glauco-
matous optic disc abnormality was defined as neuroretinal
rim thinning, notching, excavation, or an RNFL defect.
Glaucomatous visual field loss was defined as PSD outside
the 95% normal limits or GHT results other than “within
normal limits” or “abnormally high sensitivity,” confirmed
with a second visual field test. Only patients with IOPs
that were controlled and deemed stable were included in
this study. The other inclusion criteria for both normal and
glaucomatous subjects were 1) 18 years of age or older, 2)
best-corrected visual acuity of 20 / 40 or better, 3) pupil
diameter >2 mm, 4) no history of ocular or neurologic
disease or surgery that might produce test results or vision
changes that could confound recognition of a test result
due solely to glaucoma, 5) no history of amblyopia, 6)
mental and physical capacity to perform the tests and 7)
willingness to participate as a subject in the study.

Optical coherence tomography technique

Subjects were scanned twice in the same day with the
Stratus OCT (Carl Zeiss Meditec), with short breaks be-
tween each measurement. A single technician performed
the OCT scan through the patient’s dilated pupil. While
seated, each subject was instructed to place his/her chin
on the chin rest and to fixate the eye being measured on a
target. This maneuver brought the optic nerve head within
view of the examiner. To ensure a smooth optical surface,
the technician applied artificial tears (Hyalein; Santen
Pharmaceuticals, Osaka, Japan) before the OCT scan. Be-
fore the scan was obtained, the polarization and Z-offset,
as determined from the OCT settings, were optimized to
assure the best possible scanning quality.

Fast RNFL thickness protocols were performed using
internal fixation during scanning. The fast scan consists
of three successive circular subscans around the disc with
A scan measurements at 256 locations per revolution over
a total of 1.92 seconds. Although these three scans can be
examined separately for research or quality control pur-
poses, they are generally simply averaged to report the
thicknesses as a combined set of 768 A-scans in a circle of
3.4-mm diameter around the disc.

A scan was saved only if the fundus image was suf-
ficiently visible to distinguish the optic disc and the
scanning circle and if there were no obvious movement
artifacts with missing data at the acquired scan pattern.
Images with eye movements during scans, poor centration,
poor focus, low analysis confidence or signal strength less
than 6 / 10 were excluded. For subjects who had both eyes
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Table 1. Participant demographic and ophthalmic characteristics

All Normal Glaucoma p-value’
No. of subjects 474 103 371
Age (yr) 57+ 12 58 + 12 57 £ 12 0.428
Sex (female, %) 43.64 48.54 42.28 0.263
Visual acuity’ 0.87 £ 0.64 0.97 £ 0.92 0.84 £ 0.53 0.171
RE (D) -1.18 + 2.54 -1.24 £ 2.45 -1.17 + 2.57 0.819
IOP (mmHg) 12.94 + 3.55 12.93 £ 3.22 12.94 + 3.63 0.985
AL (mm) 2432+ 1.51 23.99 £ 1.29 24.42 £ 1.55 0.015
Visual field
MD (dB) -6.48 + 7.46 -1.89 +£2.28 -7.57 £ 7.84 <0.001
PSD (dB) 511+ 4.12 222 £ 1.67 5.80 £ 4.23 <0.001
Average SS 7.29 £ 1.02 7.68 £ 1.14 7.18 + 0.95 <0.001
Relative SS change 0.070 + 0.09 0.068 + 0.09 0.071 + 0.09 0.754

Data are expressed as mean + standard deviation.

RE = refractive error; D = diopter; IOP = intraocular pressure; AL = axial length; MD = mean deviation; PSD = pattern standard devia-

tion; SS = signal strength. .
‘Independent two sample #-test; 'Decimal notation.

scanned, one eye was randomly chosen for analysis.

The RNFL analysis used an automated computer algo-
rithm to identify the anterior and posterior margins of the
band of reflectance representing the RNFL. The margins
were marked with two white lines in the visual display.
The distance between the margins comprised the RNFL
thickness. The analysis algorithm reported 17 RNFL thick-
ness values: the mean RNFL thickness around the entire
circumference, the average thickness within each of the
four quadrants (temporal, superior, nasal, and inferior),
and the average thickness in each of 12 angular sectors (30°
interval). The angular sectors were situated so 0° repre-
sented the temporal horizontal line and 90° represented the
superior vertical line.

Statistical methods

The methods employed to determine the reproducibility
of RNFL thickness were SD. The SD is a measure of the
variability of a data set, or a probability distribution. Each
patient’s SD values were based on multiple measures (two
times) of RNFL thickness. A low SD indicates that the
data points tend to be very close to the same value, while
high SD indicates that the data are ‘spread out’ over a large
range of values. The within subjects SD as an index of
measurement error, as it has a more direct interpretation
which can be applied to individual measurements [13].

The SD was used in this study to compare the variability
in RNFL thickness measurements of normal subjects with
that of glaucomatous patients. The ratio of SD (glaucoma/
control) in overall mean RNFL thickness and quadrant
analysis were obtained. The Student’s #-test was performed
to estimate the significance difference in overall mean
RNFL thickness between the glaucoma group and the nor-
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mal group.

Multivariate regression analysis was used to test whether
the RNFL thickness measurements, mean deviation (MD),
and PSD in Humphrey Visual Field Analyzer were inde-
pendent predictors of SD for overall mean RNFL thick-
ness. Other factors evaluated as independent predictors
of SD included RE, AL, age, average SS, and relative SS
change (difference in SS between initial and repeat scans
divided by initial SS). As various factors interfered with
one other in univariate analysis, correlations between vari-
ability in RNFL thickness measurements and the various
factors might not be precise. Multivariate analysis may
help to identify the underlying relationships among sets
of variables. Univariate analysis did not demonstrate sig-
nificant correlation of some factors with SD in the RNFL
thickness measurements, but these parameters were in-
cluded in the multivariate regression analyses. Data were
analyzed using statistical software SPSS ver. 15.0 (SPSS
Inc., Chicago, IL, USA).

Results

Six hundred fifty-eight subjects were initially enrolled
in the study. Twenty-five normal subjects (19.5%) and 159
glaucomatous subjects (30.0%) were excluded because of
poor analysis quality (SS <6 or low analysis confidence) in
one of the measurements. Four hundred seventy-four sub-
jects (103 normal subjects and 371 glaucomatous patients)
were analyzed. Participant demographic and ophthalmic
characteristics are shown in Table 1. The glaucoma group
had poorer visual field defects (MD and PSD), longer AL,
and lower average SS than the normal group.

The SD of all 474 subjects is presented in Table 2 with-
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Fig. 1. The standard deviation (SD) of 406 overall mean retinal nerve fiber layer (RNFL) thickness measurements plotted against various

factors for all subjects.

out discriminating between the normal and glaucomatous
subjects. Table 3 shows the SD values for the normal and
glaucomatous eyes separately. The variability depended on
the size of the area included in the measurement. Specifi-
cally, the SD was smaller in the mean RNFL thickness
measurement than in quadrants analysis. Also, it was
smaller in quadrant analysis than in the 30° angular sector
analysis (Tables 2 and 3).

The mean SD of all RNFL thickness measurements ex-
cept in one sector was larger in the glaucoma group (Table
3). The ratio of mean SD in overall mean RNFL thickness
for the glaucoma group to the normal group was 1.12.
However, there was no statistically significant difference
of mean SD in overall mean RNFL thickness for the nor-
mal group and the glaucoma group (p = 0.19).

Multivariate regression analysis was performed using
overall RNFL thickness, RE, AL, MD, PSD, age, average
SS, and relative SS change as independent variables and
SD in RNFL thickness as the dependent variable (Table 4).
In Fig. 1, the SD in the overall mean RNFL thickness mea-
surements was plotted against the various factors for all
subjects. The average SS is the most predictive parameter
(highest partial R?) for the SD in the RNFL thickness. The
relative SS change is an independent predictor of SD. The
overall mean RNFL thickness, RE, AL, MD, PSD, and age
did not significantly correlate with the SD of RNFL thick-
ness.

Table 2. Mean SD of all 474 subjects

Location of RNFL Mean SD (st dev SD)
Overall 1.445 (1.17)
Quadrant
Temporal 3.023 (2.41)
Superior 3.536 (2.91)
Nasal 2.650 (2.25)
Inferior 2.237 (2.08)
Sector
345°-15° 2.515(2.39)
15°-45° 2.941 (2.59)
45°-75° 4.037 (3.46)
75°-105° 4.250 (3.39)
105°-135° 4.470 (3.57)
135°-165° 4.884 (4.05)
165°-195° 4.327 (3.73)
195°-225° 4.238 (3.64)
225°-255° 3.882(3.29)
255°-285° 4.025 (3.63)
285°-315° 4.015 (3.70)
315°-345° 3.044 (2.99)

SD = standard deviation; RNFL = retinal nerve fiber layer; st dev SD

= SD of mean SD values.

Discussion

In our participant’s demographic (Table 1), the normal
group and the glaucoma group had few differences, with
the exceptions of visual field index (MD and PSD value),
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Table 3. Mean SD of normal and glaucomatous subjects

. Mean SD (st dev SD)
Location of RNFL Normal Glaucoma Ratio”
Overall 1.321 (1.05) 1.479 (1.23) 1.12
Quadrant
Temporal 2.767 (2.15) 3.143 (2.46) 1.14
Superior 3.527 (2.10) 3.570 (3.05) 1.01
Nasal 2.597 (2.19) 2.842 (2.61) 1.09
Inferior 2.215(2.21) 2.430 (1.88) 1.10
Sector
345°-15° 2.375 (1.63) 2.537 (2.60) 1.07
15°-45° 2.841 (2.41) 3.028 (2.77) 1.07
45°-75° 3.769 (3.21) 4.040 (3.26) 1.07
75°-105° 4.243 (3.20) 4.188 (3.26) 0.99
105°-135° 4.387 (3.39) 4.570 (3.64) 1.04
135°-165° 4.656 (4.14) 5.520 (4.23) 1.19
165°-195° 4.057 (3.42) 4.370 (3.97) 1.08
195°-225° 4.128 (3.89) 4.414 (3.34) 1.07
225°-255° 3.868 (3.40) 4.119 (3.52) 1.06
255°-285° 3.993 (3.36) 4.517 (4.49) 1.13
285°-315° 3.902 (3.65) 4.071 (3.18) 1.04
315°-345° 2.935 (2.87) 3.597 (3.38) 1.23

SD = standard deviation; RNFL = retinal nerve fiber layer; st dev SD = SD of mean SD values.

“(Glaucoma mean SD) / (normal mean SD).

Table 4. Multivariate regression analyses: associations between various factors and SD in overall mean RNFL thickness

Factor Coefficient Partial R’ p-value
Overall mean RNFL thickness 0.009 0.003 0.301
RE 0.062 0.007 0.134
AL -0.007 0.010 0.077
MD -0.024 0.011 0.063
PSD -0.014 0.001 0.639
Age -0.007 0.001 0.509
Average SS -0.181 0.018 0.016°
Relative SS change 1.576 0.013 0.040"

SD = standard deviation; RNFL = retinal nerve fiber layer; RE = refractive error; AL = axial length; MD = mean deviation; PSD = pattern

standard deviation; SS = signal strength.
“Statistically significant.

average SS, and AL. Poorer MD and PSD values and lower
average SS in the glaucoma group compared to the control
group should be expected. The AL was shown to be higher
in the glaucoma group. This result is similar to the conclu-
sion that glaucoma frequently develops from myopia [14].
The previously studied reliability of the Stratus OCT
showed that the reproducibility of RNFL thickness mea-
surements could be expressed with the coefficient of varia-
tion or test-retest variability [9,15]. Since the SD could be
calculated from the coefficient of variation and the test-
retest variability, the authors used the SD to compare the
variability among studies. Budenz et al. [9] reported that
the SD for the mean fast RNFL thickness measurement in
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the normal and glaucomatous eyes was 2.35 and 3.3 pm,
respectively. The quadrant SDs ranged between 3.85 and
6.9 um. In Tzamalis’ study [15], the SD for the mean fast
RNFL thickness measurements in the normal and glauco-
matous eyes was 2.90 and 3.45 pum, respectively. The quad-
rant SDs ranged between 4.88 and 7.83 um. We found that
the SD values in our study were similar to those in previ-
ous studies (Table 3).

The SD depended on the size of the area included in the
measurement. The larger was the area sampled, the bet-
ter was the reproducibility in the current study as well as
in previous studies [9,10]. The reproducibility can be in-
creased by increasing the sample density or by increasing



the number of A-scans performed for each measurement
[16].

Blumenthal et al. [17] reported that glaucomatous eyes
showed considerably less reproducibility than normal
eyes in RNFL thickness measurements using OCT 2. In
Budenz’s study using the Stratus OCT, the RNFL thick-
ness measurements in glaucomatous eyes were slightly
more variable than those of normal eyes (test-retest vari-
ability calculated as two times the SD; normal eyes, 3.5
um; glaucomatous eyes, 5.2 pm) [9]. In our study, the mean
SD of all RNFL thickness measurements except in one
sector was larger in the glaucoma group. Although there
was no statistically significant difference between the
mean SD in the overall mean RNFL thickness measure-
ment, glaucomatous eyes tended to be more variable than
normal eyes in RNFL thickness using the Stratus OCT.
Therefore, clinicians should be careful in interpreting
RNFL thickness using OCT with glaucomatous patients.

Our results showed statistically significant values in the
multivariate regression analysis, but the explained vari-
ance (R-square) was low. This finding means that a variety
of factors in addition to those evaluated may affect the
reproducibility of the RNFL thickness measurements us-
ing the Stratus OCT. According to previous studies, media
opacity [18,19], sampling density [16], type of scan [9,11],
quadrant measured [9], undilated pupil [11,19], corneal
drying [20], and soft contact lens use [21] may affect the
overall scan quality and the calculated RNFL thickness.
There are many potential explanations for the variability in
the RNFL measurements. Most of these variables may be
controlled for good reproducibility in the RNFL thickness
measurements during OCT scanning. For example, tech-
nicians may perform OCT scanning with pupils dilated,
artificial tears applied, and soft contact lenses removed.
However, there are some factors that cannot be controlled
in the OCT scanning. Technicians cannot control the pa-
tient’s diagnosis, the RNFL thickness measurement, the
RE, the AL, the severity of glaucoma (i.e., MD and PSD),
or the age of the patient. Although technicians might strive
to produce higher SS, this situation is not always possible
for many patients in clinical practice. These variable fac-
tors may affect not only the variability in the RNFL thick-
ness measurements, but also may present a challenge when
using OCT RNFL measurements for longitudinal interpre-
tation of glaucoma progression.

In previous versions of the OCT software, the signal
to noise ratio (SNR) was used to objectively evaluate the
quality of acquired images. However, its utility is limited
as it only takes into account the single A-scan that dem-
onstrates the strongest signal and does not account for the
distribution of this signal strength throughout the scan im-
age. The SS is a new image quality parameter introduced
in the most recent version of the Stratus OCT software.
The SS is a combination of SNR and outperformed SNR
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in terms of poor image discrimination [22]. In the present
study, the average SS affects the variability in the RNFL
thickness measurements obtained by the Stratus OCT after
the SS values less than 6 / 10 were excluded. It is important
to note that, although the OCT scans performed with SS
values greater than 5, which is the minimum value sug-
gested by the OCT manufacturer, the higher was the SS of
the OCT scan, and the more precise was the RNFL thick-
ness measurement. Furthermore, the relative SS change
affected the variability in the RNFL thickness measure-
ments. Wu et al. [23] reported that the difference in SS
between the initial and repeat scans positively correlated
with the difference in RNFL thickness measurements. To
increase the reliability of RNFL thickness measurements,
operators should perform OCT scans with the highest
possible SS as well as similar SS consistently. Clinicians
should use caution when interpreting the progression of
glaucoma with RNFL thickness measurements using the
OCT with a lower SS or a fluctuating SS greater than 6 /
10.

This study had a few limitations. All repeated measure-
ments were obtained from one single operator in only one
visit, eliminating the possibility of placing the landmark
between patients in different positions. Although various
RNFL protocols may affect variability in RNFL thickness
measurements, only the fast RNFL protocol was used in
the current study. Further studies may evaluate factors for
variability in RNFL thickness in consecutive visits, be-
tween operators, and with the standard RNFL protocol or
the repeat protocol. Because we excluded subjects that had
poor analysis quality (SS <6 or low analysis confidence)
in even a single measurement, a large number of subjects
were excluded. This point might have affected the results.

In conclusion, glaucomatous eyes tend to be more vari-
able than normal eyes in RNFL thickness measurements
using the Stratus OCT. The average SS and relative SS
change appear to correlate with variability in the RNFL
thickness measurements using the Stratus OCT. Therefore,
the results of RNFL analysis should not be interpreted
independently of these factors. When glaucoma patients
have a lower SS and more SS change, clinicians should be
careful in interpreting the RNFL thickness difference. To
improve the reliability of RNFL thickness measurements
using the Stratus OCT, technicians should strive to obtain
the highest and most consistent SS.

Conflict of Interest

No potential conflict of interest relevant to this article
was reported.

Acknowledgements

This work was supported by the Medical Research

109



Korean J Ophthalmol Vol.26, No.2, 2012

Funds from Kangbuk Samsung Hospital.

References

L.

10.

11.

110

Quigley HA, Katz J, Derick RJ, et al. An evaluation of
optic disc and nerve fiber layer examinations in monitor-
ing progression of early glaucoma damage. Ophthalmology
1992;99:19-28.

. Yucel YH, Gupta N, Kalichman MW, et al. Relationship of

optic disc topography to optic nerve fiber number in glau-
coma. Arch Ophthalmol 1998;116:493-7.

Leung CK, Chan WM, Yung WH, et al. Comparison of
macular and peripapillary measurements for the detection
of glaucoma: an optical coherence tomography study. Oph-
thalmology 2005;112:391-400.

Hoffmann EM, Medeiros FA, Sample PA, et al. Relation-
ship between patterns of visual field loss and retinal nerve
fiber layer thickness measurements. Am J Ophthalmol
2006;141:463-71.

Medeiros FA, Zangwill LM, Bowd C, Weinreb RN. Com-
parison of the GDx VCC scanning laser polarimeter, HRT
II confocal scanning laser ophthalmoscope, and stratus
OCT optical coherence tomograph for the detection of
glaucoma. Arch Ophthalmol 2004;122:827-37.

Quigley HA, Addicks EM, Green WR. Optic nerve dam-
age in human glaucoma: III. Quantitative correlation of
nerve fiber loss and visual field defect in glaucoma, isch-
emic neuropathy, papilledema, and toxic neuropathy. Arch
Ophthalmol 1982;100:135-46.

Mikelberg FS, Yidegiligne HM, Schulzer M. Optic nerve
axon count and axon diameter in patients with ocular
hypertension and normal visual fields. Ophthalmology
1995;102:342-8.

. Huang D, Swanson EA, Lin CP, et al. Optical coherence

tomography. Science 1991;254:1178-8]1.

Budenz DL, Chang RT, Huang X, et al. Reproducibility
of retinal nerve fiber thickness measurements using the
stratus OCT in normal and glaucomatous eyes. Invest Oph-
thalmol Vis Sci 2005;46:2440-3.

Budenz DL, Fredette MJ, Feuer WJ, Anderson DR. Re-
producibility of peripapillary retinal nerve fiber thickness
measurements with stratus OCT in glaucomatous eyes.
Ophthalmology 2008;115:661-6.¢4.

Paunescu LA, Schuman JS, Price LL, et al. Reproducibility
of nerve fiber thickness, macular thickness, and optic nerve

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

head measurements using Stratus OCT. Invest Ophthalmol
Vis Sci 2004;45:1716-24.

Carpineto P, Ciancaglini M, Aharrh-Gnama A, et al.
Custom measurement of retinal nerve fiber layer thick-
ness using Stratus OCT in normal eyes. Eur J Ophthalmol
2005;15:360-6.

Bland JM, Altman DG. Measurement error and correlation
coefficients. BM.J 1996;313:41-2.

Suzuki Y, Iwase A, Araie M, et al. Risk factors for open-
angle glaucoma in a Japanese population: the Tajimi Study.
Ophthalmology 2006;113:1613-7.

Tzamalis A, Kynigopoulos M, Schlote T, Haefliger 1. Im-
proved reproducibility of retinal nerve fiber layer thickness
measurements with the repeat-scan protocol using the Stra-
tus OCT in normal and glaucomatous eyes. Graefes Arch
Clin Exp Ophthalmol 2009;247:245-52.

Gurses-Ozden R, Ishikawa H, Hoh ST, et al. Increasing
sampling density improves reproducibility of optical coher-
ence tomography measurements. J Glaucoma 1999;8:238-
41.

Blumenthal EZ, Williams JM, Weinreb RN, et al. Repro-
ducibility of nerve fiber layer thickness measurements
by use of optical coherence tomography. Ophthalmology
2000;107:2278-82.

El-Ashry M, Appaswamy S, Deokule S, Pagliarini S. The
effect of phacoemulsification cataract surgery on the mea-
surement of retinal nerve fiber layer thickness using optical
coherence tomography. Curr Eye Res 2006;31:409-13.
Savini G, Zanini M, Barboni P. Influence of pupil size and
cataract on retinal nerve fiber layer thickness measure-
ments by Stratus OCT. J Glaucoma 2006;15:336-40.

Stein DM, Wollstein G, Ishikawa H, et al. Effect of corneal
drying on optical coherence tomography. Ophthalmology
2006;113:985-91.

Youm DJ, Kim JM, Park KH, Choi CY. The effect of soft
contact lenses during the measurement of retinal nerve
fiber layer thickness using optical coherence tomography.
Curr Eye Res 2009;34:78-83.

Stein DM, Ishikawa H, Hariprasad R, et al. A new quality
assessment parameter for optical coherence tomography.
Br J Ophthalmol 2006;90:186-90.

Wu Z, Vazeen M, Varma R, et al. Factors associated with
variability in retinal nerve fiber layer thickness measure-
ments obtained by optical coherence tomography. Ophthal-
mology 2007;114:1505-12.



