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Abstract
Purpose—To compare macular thickness measurements using time domain optical coherence
tomography (OCT) and Fourier domain OCT (FD OCT).

Methods—Thirty-two eyes from 32 normal patients underwent complete ophthalmic evaluation.
Macular scanning using the StratusOCT and the RTVue-100 OCT were performed for a total of 3
times each on the same visit. The average retinal thicknesses of the 9 macular sectors as defined by
the Early Treatment Diabetic Retinopathy Study (ETDRS), along with the foveal center point and
macular volume, were recorded. The standard deviation, the coefficient of variation, and the intraclass
correlation coefficient were calculated for each parameter studied. Comparisons were made between
the two OCTs in terms of retinal thicknesses measurements, their reproducibility, and macular
regional differences. Correlations between retinal thickness and demographic variables (age and
gender) were also investigated. Due to known differences in segmentation algorithms of the two
OCTs, software calipers were used to measure the distance from the internal limiting membrane to
the photoreceptor inner segment--outer segment junction at the foveal center point on all RTVue
scans in order to allow a more fair comparison.

Results—The RTVue yielded greater retinal thickness measurements in nearly all macular subfields
compared to the StratusOCT. Even after accounting for differences in segmentation algorithms,
significant disparities were still evident with the RTVue measurements less than those of the
StratusOCT at the foveal center. On both machines, the macula was thinnest at the fovea and thickest
within the 3mm ring. There were some consistent regional variations in macular thickness evident
on both OCTs. Compared to the StratusOCT, the RTVue generally had lower coefficients of variation
and higher intraclass coefficients, suggesting better reproducibility. Age and gender also appeared
to be important determinants in some macular thickness parameters.

Conclusion—Compared with StratusOCT, the RTVue FD OCT yields greater retinal thickness
measurements with greater reproducibility, presumably due to different segmentation algorithms,
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increased sampling density, and greater resolution. However, regional differences across the macula
can be consistently observed with both devices.
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Over the past two decades, optical coherence tomography (OCT) has emerged as a useful
instrument that produces in vivo cross-sectional images of tissues that resemble histological
analysis.1,2 OCT captures the interference pattern between backscattered light and a reference
beam to display, with high accuracy, various ocular structures. By providing detailed
morphometric and quantitative information, OCT has become an indispensable tool in the
management of retinal and optic nerve diseases as well as in clinical trials.3–7

The evolution of OCT has been a step-wise process, starting from the prototype through the
development of the first, second, and third generations of commercially available instruments.
Each successor had been an improvement over the predecessor in terms of imaging speed and
resolution, but the underlying concepts had largely remained the same. In these so-called time
domain OCTs (TD OCT), a mechanical moving mirror is crucial for extracting depth
information for light reflected from the retina. Therefore, data acquisition speed is limited by
the relatively slow mechanical movement.

The latest time domain model in widespread use, the StratusOCT (Carl Zeiss Meditec, Dublin,
CA), has an axial resolution of 8 to 10 μm and a maximum of 512 transverse and 1024 axial
data points per image acquired over 1.25 seconds, according to the user’s manual. Because eye
movement may induce significant errors in measurement, the StratusOCT also allows the user
to choose scanning protocols that may increase the image acquisition speed at the expense of
transverse resolution. For example, the Fast Macular Thickness protocol performs six radial
scans over 1.92 seconds, each consisting of 128 A-scans spread over 6mm and centered over
the fixation point. This insures that all the scans are centered at the same location, usually the
fovea. The radial scans are oriented 30° apart. For the retinal areas that are not imaged, the
computer algorithm interpolates data from the surrounding scanned areas and then generates
a circular topographical map.

The shortcomings of such an approach are evident. Much of the macula is unscanned, and the
resolution is compromised. In order to provide a reference for these retinal thickness
measurements obtained from StratusOCT, normative data has been established through a
number of studies. Subsequent studies, however, have identified a systematic error in the
identification of the outer retinal boundary by StratusOCT due to selection of the hyper-
reflective band believed to correspond to the photoreceptor inner segment outer – segment (IS/
OS) junction as the outer border of the retina.8 Sadda et al. noted that the mean error in thickness
measurements in normal patients due to this mis-identification was approximately 35.5
microns,9 while Pierre-Kahn et al. found the error to be 46.6 microns.10

In Fourier domain OCT (FD OCT), the light interference pattern of an entire A-scan is detected
simultaneously with spectrally separated detectors (diffraction grating) and a linear detector
array (a high-speed charge coupled device, or CCD, camera). Fourier transform is used to
mathematically convert the raw data into A-scan data to be displayed as a false-color map, just
like previous generations of OCT. By eliminating the disadvantage of a mechanical moving
part, FD OCT can generate images at far greater speed, which is only limited by the camera’s
frame transfer rate and computer speed. For example, the RTVue-100 FD OCT (Optovue,
Fremont, CA) can perform 26,000 A-scans per second according to its user’s manual, or
approximately 65 times faster than StratusOCT. In addition, by increasing the bandwidth of
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the light source, images of higher resolution can be obtained by FD OCTs (axial resolution of
5.0 μm, or about twice as high as StratusOCT). These improvements allow more precise radial
scans spaced closer together, reducing the unscanned areas and thus limiting the need for data
interpolation. Therefore, the topographical maps generated would theoretically be much more
accurate.

Many investigators have described the dramatic improvements in resolution and speed of OCT
afforded by Fourier domain approaches.11–15 Normative data for these new devices, however,
are still being established. In addition, many of the FD OCT device manufacturers have taken
the opportunity to revise the outer retinal boundary location.

For the new technology to be clinically relevant, however, it is important that the data from
these devices be compared with existing, widely-accepted standards. In the present study,
macular thickness measurements were performed using both time domain (StratusOCT) and
Fourier domain (RTVue-100) OCTs in the same groups of normal subjects to assess the
differences and correlations between these two techniques.

Methods
Patients

Consecutive patients were recruited at the Zhongshan Ophthalmic Center of Sun Yat-sen
University, Guangzhou, China from February to April 2008. The study was conducted in
accordance with the tenets of the Declaration of Helsinki and was approved by the Institutional
Review Board. Informed consents were obtained from all enrolled patients.

All subjects underwent complete ophthalmic evaluation including best-refracted visual acuity,
applanation tonometry, slit-lamp biomicroscopy, dilated stereoscopic examination, fundus
photography, and Humphrey SITA standard 24-2 or 30-2 visual field testing.

The inclusion criteria were: 1) age 20 to 60 years old; 2) best corrected visual acuity 20/20 or
better; 3) refractive error not exceeding 3 diopters spherical equivalent (hyperopia or myopia)
and 1 diopter cylinder; 4) intraocular pressure <21mmHg by Goldmann applanation tonometry;
5) clear natural lens and cornea; 6) normal optic nerve appearance by dilated stereoscopic
examination and fundus photography; 7) normal visual field by Humphrey perimetry; 8) no
medical or family history of retinal diseases or glaucoma; 9) no medical or family history of
diabetes mellitus; and 10) no prior ocular surgery.

Optical coherence tomography
For each eligible patient, one eye was randomly chosen to be scanned using the StratusOCT
and the RTVue-100 following pharmaceutical pupillary dilation. Imaging was performed three
times on each machine on the same visit by the same examiners (JH or HX). Individual
measurements from the three scans for each parameter were averaged for each machine and
used for comparisons. The standard deviation, the coefficient of variation (CV=standard
deviation divided by mean), and intraclass correlation coefficient (ICC) for each parameter
were also calculated.

For the StratusOCT, the Fast Macular Thickness Map protocol was used. The retinal map
thickness analysis protocol reconstructed a false-color topographic image displayed with
numeric averages of the thickness measurements for each of the 9 map sectors as defined by
the Early Treatment Diabetic Retinopathy Study (ETDRS) (Figure 1).16 The inner and outer
rings, with diameters of 3mm and 6 mm, respectively, were each segmented into 4 quadrants
(superior, inferior, nasal, temporal). For ease of discussion, the superior subfield in the 3mm
ring was labeled S3, while the nasal subfield in the 6mm ring was labeled N6, etc. (Figure 1).

Huang et al. Page 3

Retina. Author manuscript; available in PMC 2010 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Foveal central subfield (FCS) thickness was defined as the average thickness in the central
1mm diameter circle (C1) of the ETDRS grid. Foveal center point (FCP) thickness was defined
as the mean thickness at the point of intersection of the 6 radial scans. The software (Version
4.0) also calculates the total macular volume within the 6mm-diameter scanned area.

The mm6 scan protocol of the RTVue-100, which performs 12 radial line scans of 6 mm each
over a total of 0.27 seconds, was used to obtain data in the same macular region in each patient.
The topographic map also displays retinal thicknesses in each of the 9 ETDRS map sectors,
the FCP thickness, and the macular volume within the 6mm-, 3mm-, and 1mm-diameter
scanned areas.

OCT scans were repeated if any were found to be de-centered or were determined to have
segmentation errors, and such suboptimal scans were excluded from analysis. Additionally,
due to the known differences in segmentation algorithms between the two devices, software
calipers available on the RTVue device were used to manually measure the distance from the
internal limiting membrane to the IS/OS junction at the foveal center point on all RTVue scans
and then compared to analogous measurements from the StratusOCT.

Statistical analysis
SAS version 9.1 (SAS Institute, Cary, NC, USA) programming language was used for all
analyses. For each of the 11 parameters investigated (the 9 ETDRS subfields, the FCP, and the
macular volume within the 6mm circle), the retinal thicknesses and the CVs on the StratusOCT
were compared with those on the RTVue using paired t-tests. For the FCP, automated and
manually-segmented RTVue values were compared with the StratusOCT.

Pairwise comparisons were performed on the central foveal subfield, the inner ring, and outer
ring average thicknesses. Similarly the thicknesses of the four quadrants were compared
pairwise with each other within the inner and outer rings. The relationship between retinal
thickness and age was investigated using Pearson correlation coefficients, while the
relationship between retinal thickness and gender was studied using Spearman correlation
coefficients.

Results
Thirty-two eyes (16 left eyes, 16 right eyes) from 32 normal subjects (all Chinese) were
examined clinically and by the Stratus and RTVue-100 OCTs. The average age was 42.66±9.39
years (range 21 to 55 years old). The average refractive error was −0.13±0.78D (range −3D to
+1.5D). There were 19 men and 13 women.

For nearly all of the 11 parameters (FCP, the 9 ETDRS map sectors, and macular volume), the
RTVue measurements were statistically significantly greater than the corresponding
measurements performed by the StratusOCT (Table 1, Figure 2, Figure 3). The one exception
was the nasal subfield in the 6mm ring (N6).

The average thickness from the internal limiting membrane to the IS/OS junction, as
determined using software calipers manually, was found to be 141.02±12.59 μm at the foveal
center point on the RTVue, which was significantly different from the analogous StratusOCT
measurement of 164.69±25.92 μm (p<0.001).

With both the StratusOCT and the RTVue, the macula was thinnest in the foveal central subfield
(C1), thickest in the inner ring, then gradually thinned toward the outer ring (Table 1). In the
inner 3mm ring, the order of macular thickness was temporal<nasal<inferior<superior on the
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StratusOCT and temporal<inferior<nasal<superior on the RTVue. In the outer 6mm ring, the
order was temporal<inferior<superior<nasal on both devices.

The coefficients of variation (CV) are lower for the RTVue than the StratusOCT in all 11
parameters investigated (Table 2), although the difference was statistically significant in only
three of them (C1, N3, S6). The intraclass correlation coefficients (ICC) are generally higher
in the RTVue (Table 2). Both suggest that RTVue is superior to the StratusOCT in terms of
reproducibility of these measurements.

Age was positively correlated to retinal thickness on some but not all subfields (correlation
coefficient r ranged from 0.05 in the N6 subfield to 0.46 in the C1 subfield on the Stratus, and
from 0.19 in the N6 subfield to 0.54 in the T6 subfield on the RTVue). Men appeared to have
greater retinal thicknesses in almost all subfields than women (r ranged from 0.32 in the N6
subfield to 0.61 in the I3 subfield on the Stratus and from 0.28 in the N6 subfield to 0.67 in the
I3 subfield on the RTVue) on both OCT devices.

Discussion
In this study comparing two generations of OCT, we found that FD OCT, as represented by
the RTVue, yielded data that were more reproducible than the third generation of TD OCT,
represented by the StratusOCT. StratusOCT yielded lower retinal thickness measurements in
nearly all of the ETDRS macular subfields. Both machines revealed similar patterns in terms
of regional differences in the fovea and parafovea. Gender, and perhaps age, appeared to be
determining factors in some macular thickness measurements in this Chinese population.

The StratusOCT defined the outer boundary of the retina to be the hyperreflective band which
corresponds to the junction between the inner and outer segment of the photoreceptors. The
newer FD OCTs purportedly measure the distance from the internal limiting membrane to the
retinal pigment epithelium (RPE).14,15 Comparisons of ultra-high resolution OCT with pig and
monkey retinal histology have been performed to investigate the validity of this approach.17,
18 The change in segmentation algorithm likely explains some of the differences in retinal
thickness measurements. It is unclear why the nasal outer subfield was the only exception in
our study. Other investigators have not found this difference with the Cirrus HD OCT (Carl
Zeiss Meditec, Dublin, CA) or the 3D OCT 1000 (Topcon Inc., Paramus, NJ).19,20 However,
it is clear from our manual measurement sub-analysis using RTVue software calipers that
difference in segmentation algorithm alone cannot entirely explain the discrepancies in
thickness measurements. The distance between the IS/OS junction and the RPE was about 34.7
μm at the foveal center in our study, very similar to what other investigators have found.9

By comparing the StratusOCT and the Cirrus HD OCT (software version 2.0), the differences
in retinal thickness measurements in the 9 macular subfields were found to be between 43.7 to
61.1 μm, which appeared to be much higher than the differences found in the current study.
19 The Topcon 3D OCT-1000 also overestimated the foveal central subfield by 33.9 μm and
the average macular thickness by 21.3 μm compared to the StratusOCT.20 The discrepancy
may be due to differences among the three commercially available FD OCTs, which suggests
that even different FD OCTs have slightly different segmentation capabilities and definitions.
Therefore, macular thickness measurements are not interchangeable among different
machines.

Another reason for the differences in measurements between the FD OCT and StratusOCT
may be that greater resolution images could be obtained in the former. Different generations
of OCTs are known to give variable measurements. For example, the StratusOCT overestimates
retinal thickness measurements by an average of 25 μm compared to OCT1.10 The average
central foveal subfield thickness was 183.5 μm among 166 healthy eyes on the OCT1.21

Huang et al. Page 5

Retina. Author manuscript; available in PMC 2010 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



However, the corresponding measurement was 205.9 μm using the StratusOCT’s Fast Macular
protocol after pupillary dilation.22 The higher axial resolution of StratusOCT allows display
of two different outer hyper-reflective lines, versus only one for the OCT1. The RTVue defines
the outer boundary even more precisely, and more hyper-reflective bands may be evident.

Given the greater image resolution and data acquisition speed, it is not unexpected to see more
reproducible results from the RTVue compared to the StratusOCT. The more than six-fold
decrease in scan time (0.27 seconds vs. 1.92 seconds) reduces motion artifacts and increases
the signal-to-noise ratio. The foveal center point, the thinnest point in the retina, would likely
be the parameter most affected by eye movements because even slightly decentered fixation
would lead to significantly higher measurements. This was evidenced by the higher CV and
lower ICC of the FCP thickness measurement compared to those of the other parameters, even
with the RTVue. Similarly, the foveal central subfield had the next highest CV on both
machines. These results were consistent with previous findings.23

A second reason for the higher reproducibility of RTVue is the greater scanned area (12 vs. 6
radial lines). With the StratusOCT, segmentation errors in any of the six radial scan lines would
be propagated to adjacent interpolated areas. In contrast, the zones of interpolation in RTVue
scans are significantly smaller, minimizing the effect that a segmentation error has on the
overall measurements.

Regional differences in macular thickness measurements of the ETDRS subfields in normal
subjects have been well-documented previously by various generations of OCT. The fact that
the fovea is the thinnest point, while the 3mm inner ring has the highest retinal thickness, is
well-known histologically and tomographically. Due to the arcuate nerve fiber bundles, the
superior and inferior retina is thought to be the thickest.24 However, the superior and nasal
parafoveal regions were thicker than the inferior and temporal regions of myopic eyes, as
measured by the OCT1 (which uses a scan length of 4.5mm).25 With the StratusOCT (scan
length of 6mm), the order of retinal thickness in the inner ring was
nasal<superior<inferior<temporal, but in the outer ring, the order was
nasal<inferior<superior< temporal.22 In another study using StratusOCT, the order in the inner
ring was temporal<superior<inferior<nasal, while the order in the outer ring was
temporal=inferior<superior<nasal.26 On the Cirrus HD OCT, both the inner and outer rings
were ordered temporal<inferior<superior<nasal.19 Among 6-year old children, the temporal
quadrant was thinner in both the inner and outer regions of the macula.27 In the current study
in which pairwise comparisons were performed to analyze subfield differences (data not
shown), there was good agreement between the StratusOCT and the RTVue in terms of regional
differences. However, only some pairwise comparisons were statistically significant.
Therefore, these highly divergent results may be due to random errors or other confounding
factors. Our study is likely to be underpowered to make truly meaningful comparisons.
Nevertheless, it is reassuring that the RTVue and Cirrus results are nearly identical.

The relationship between age and macular thickness in our study was complex, as the
StratusOCT and the RTVue gave inconsistent results in many of the subfields. Because of the
small sample size, it is difficult to draw conclusions with confidence. It is well-known that the
retinal nerve fiber layer thickness decreases with age,21,28 but most previous studies have
revealed no significant correlation between age and macular thickness.3,26,28–31 Guedes et
al showed a consistent decrease of perifoveal thickness with age,21 but in our study, the foveal
central subfield (C1) thickness increased significantly with age on the StratusOCT and showed
a similar trend on the RTVue. The macular volume may offer a broader view of the variation
in retinal thickness, and in our study, increased with age on both the StratusOCT and the
RTVue. Our result was consistent with a study of 170 normal subjects in India, which found
age to be positively correlated with macular thickness and volume parameters (r=0.23, P<0.01).
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32 These seemingly contradictory results may be due to the relatively small sample size of these
studies. Additionally, because the oldest subject in our study was only 55 years old, it would
be inappropriate to extrapolate these findings into an older population.

Some previous studies found no difference in macular thickness between men and women,
21,26 but in our study men had greater retinal thicknesses in 8 out of 11 macular subfield
parameters studied (data not shown). Wong et al33 and Massin et al34 showed that men have
significantly greater central (3mm diameter) retinal thickness than women, but age was not a
determining factor. Chamberlain et al also demonstrated that men have greater foveal
thickness.35 The FCP, FCS, and the inner 3mm diameter ring were thicker in 6-year old boys
than girls.27 Unfortunately, these studies used different instruments to measure retinal
thickness, making cross-comparisons problematic. To our knowledge, this is the first study
that uses the FD OCT to analyze gender and age correlations to macular thickness. The reasons
for these differences are unknown, but clearly these findings require replication in larger
studies.

Ethnic differences may be an important confounding factor. Asians and African-Americans
have thinner maculas compared to Caucasians.21,36 Our study focused exclusively on the
population in southern China. In one study, Chinese subjects had slightly, but not statistically
significantly, lower macular thickness than Westerners.31 Thus, the normative values described
in this study may not be relevant to non-Chinese populations.

In summary, retinal thickness values determined by a time domain OCT and a Fourier domain
OCT were found to be highly correlated in this normal Chinese population. Although the
segmentation algorithms for the two devices are different and partially account for the greater
retinal thicknesses seen in FD OCT, regional variations in thickness across the macula are still
observed with Fourier domain instruments. The data obtained in this study may be useful in
future investigations of retinal disease and for comparison with other OCT devices and future
imaging technologies.

Acknowledgments
Supported in part by: Grant 2007A060305009 from Guangdong Science and Technology Institute, Grants EY 11753
and EY 03040 from the National Eye Institute and the National Center on Minority Health and Health Disparities,
National Institutes of Health, Bethesda, MD, and an unrestricted grant from the Research to Prevent Blindness, New
York, NY.

References
1. Huang D, Swanson EA, Lin CP, et al. Optical coherence tomography. Science 1991;254:1178–1181.

[PubMed: 1957169]
2. Chen TC, Cense B, Miller JW, et al. Histologic correlation of in vivo optical coherence tomography

images of the human retina. Am J Ophthalmol 2006;141:1165–1168. [PubMed: 16765704]
3. Hee MR, Izatt JA, Swanson EA, et al. Optical coherence tomography of the human retina. Arch

Ophthalmol 1995;113:325–332. [PubMed: 7887846]
4. Hee MR, Puliafito CA, Wong C, et al. Quantitative assessment of macular edema with optical coherence

tomography. Arch Ophthalmol 1995;113:1019–1029. [PubMed: 7639652]
5. Puliafito CA, Hee MR, Lin CP, et al. Imaging of macular diseases with optical coherence tomography.

Ophthalmology 1995;102:217–229. [PubMed: 7862410]
6. Schuman JS, Hee MR, Puliafito CA, et al. Quantification of nerve fiber layer thickness in normal and

glaucomatous eyes using optical coherence tomography. Arch Ophthalmol 1995;113:586–596.
[PubMed: 7748128]

7. Liu X, Ling Y, Gao R, et al. Optical coherence tomography’s diagnostic value in evaluating surgical
impact on idiopathic macular hole. Chin Med J (Engl) 2003;116:444–447. [PubMed: 12781056]

Huang et al. Page 7

Retina. Author manuscript; available in PMC 2010 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



8. Drexler W, Sattmann H, Hermann B, et al. Enhanced visualization of macular pathology with the use
of ultrahigh-resolution optical coherence tomography. Arch Ophthalmol 2003;121:695–706.
[PubMed: 12742848]

9. Sadda SR, Joeres S, Wu Z, et al. Error correction and quantitative subanalysis of optical coherence
tomography data using computer-assisted grading. Invest Ophthalmol Vis Sci 2007;48:839–848.
[PubMed: 17251486]

10. Pierre-Kahn V, Tadayoni R, Haouchine B, et al. Comparison of optical coherence tomography models
OCT1 and Stratus OCT for macular retinal thickness measurement. Br J Ophthalmol 2005;89:1581–
1585. [PubMed: 16299134]

11. Fujimoto JG. Optical coherence tomography for ultrahigh resolution in vivo imaging. Nat Biotechnol
2003;21:1361–1367. [PubMed: 14595364]

12. Drexler W, Morgner U, Ghanta RK, et al. Ultrahigh-resolution ophthalmic optical coherence
tomography. Nat Med 2001;7:502–507. [PubMed: 11283681]

13. Ko TH, Fujimoto JG, Schuman JS, et al. Comparison of ultrahigh and standard resolution optical
coherence tomography for imaging of macular pathology. Ophthalmology 2005;112:1922, e1–15.
[PubMed: 16183127]

14. Wojtkowski M, Srinivasan VJ, Fujimoto JG, et al. Three-dimensional retinal imaging with high speed,
ultrahigh-resolution, optical coherence tomography. Ophthalmology 2005;112:1734–1746.
[PubMed: 16140383]

15. Srinivasan VJ, Wojtkowski M, Witkin AJ, et al. High-definition and 3-dimensional imaging of
macular pathologies with high-speed ultrahigh-resolution optical coherence tomography.
Ophthalmology 2006;113:2054, e1–14. [PubMed: 17074565]

16. Early Treatment Diabetic Retinopathy Study Research Group. ETDRS report number 10: Grading
diabetic retinopathy from stereoscopic color fundus photographs--an extension of the modified Airlie
House classification. Ophthalmology 1991;98:786–806. [PubMed: 2062513]

17. Gloesmann M, Hermann B, Schubert C, et al. Histologic correlation of pig retina radial stratification
with ultrahigh-resolution optical coherence tomography. Invest Ophthalmol Vis Sci 2003;44:1696–
1703. [PubMed: 12657611]

18. Anger EM, Unterhuber A, Hermann B, et al. Ultrahigh resolution optical coherence tomography of
the monkey fovea: identification of retinal sublayers by correlation with semithin histology sections.
Exp Eye Res 2004;78:1117–1125. [PubMed: 15109918]

19. Durbin M, Abunto T, Chang M, Lujan B. Retinal measurements: comparison between Cirrus HD-
OCT and StratusOCT. Cirrus HD-OCT product insert.

20. Leung CK, Cheung CY, Weinreb RN, et al. Comparison of Macular Thickness Measurements
between Time Domain and Spectral Domain Optical Coherence Tomography. Invest Ophthalmol
Vis Sci 2008;49:4893–4897. [PubMed: 18450592]

21. Guedes V, Schuman JS, Hertzmark E, et al. Optical coherence tomography measurement of macular
and nerve fiber layer thickness in normal and glaucomatous human eyes. Ophthalmology
2003;110:177–189. [PubMed: 12511364]

22. Paunescu LA, Schuman JS, Price LL, et al. Reproducibility of nerve fiber thickness, macular
thickness, and optic nerve head measurements using StratusOCT. Invest Ophthalmol Vis Sci
2004;45:1716–1724. [PubMed: 15161831]

23. Gürses-Ozden R, Teng C, Vessani R, et al. Macular and retinal nerve fiber layer thickness
measurement reproducibility using optical coherence tomography (OCT-3). J Glaucoma
2004;13:238–244. [PubMed: 15118470]

24. Massin P, Erginay A, Haouchine B, et al. Retinal thickness in healthy and diabetic subjects measured
using optical coherence tomography mapping software. Eur J Ophthalmol 2002;12:102–108.
[PubMed: 12022281]

25. Lim MC, Hoh ST, Foster PJ, et al. Use of optical coherence tomography to assess variations in macular
retinal thickness in myopia. Invest Ophthalmol Vis Sci 2005;46:974–978. [PubMed: 15728555]

26. Chan A, Duker JS, Ko TH, et al. Normal macular thickness measurements in healthy eyes using
Stratus optical coherence tomography. Arch Ophthalmol 2006;124:193–198. [PubMed: 16476888]

Huang et al. Page 8

Retina. Author manuscript; available in PMC 2010 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



27. Huynh SC, Wang XY, Rochtchina E, Mitchell P. Distribution of macular thickness by optical
coherence tomography: findings from a population-based study of 6-year-old children. Invest
Ophthalmol Vis Sci 2006;47:2351–2357. [PubMed: 16723444]

28. Baquero Aranda IM, Morillo Sanchez MJ, Garcia Campos JM. Use of optical coherence tomography
to study variations of normal parameters with age. Arch Soc Esp Oftalmol 2005;80:225–231.
[PubMed: 15852163]

29. Sanchez-Tocino H, Alvarez-Vidal A, Maldolnado MJ, et al. Retinal thickness study with optical
coherence tomography in patients with diabetes. Invest Ophthalmol Vis Sci 2002;43:1588–1594.
[PubMed: 11980878]

30. Ling Y, Liu X, Zheng X. Quantitative macular measurement in normal subjects by optical coherence
tomography. Yan Ke Xue Bao 2000;16:87–90. [PubMed: 12579911](In Chinese)

31. Zou H, Zhang X, Xu X, Yu S. Quantitative in vivo retinal thickness measurement in Chinese healthy
subjects with retinal thickness analyzer. Invest Ophthalmol Vis Sci 2006;47:341–347. [PubMed:
16384983]

32. Tewari HK, Wagh VB, Sony P, et al. Macular thickness evaluation using the optical coherence
tomography in normal Indian eyes. Indian J Ophthalmol 2004;52:199–204. [PubMed: 15510458]

33. Wong AC, Chan CW, Hui SP. Relationship of gender, body mass index, and axial length with central
retinal thickness using optical coherence tomography. Eye 2005;19:292–297. [PubMed: 15258609]

34. Massin P, Vicaut E, Haouchine B, et al. Reproducibility of retinal mapping using optical coherence
tomography. Arch Ophthalmol 2001;119:1135–1142. [PubMed: 11483079]

35. Chamberlain MD, Guymer RH, Dirani M, et al. Heritability of macular thickness determined by
optical coherence tomography. Invest Ophthalmol Vis Sci 2006;47:336–340. [PubMed: 16384982]

36. Asefzadeh B, Cavallerano AA, Fisch BM. Racial differences in macular thickness in healthy eyes.
Optom Vis Sci 2007;84:941–945. [PubMed: 18049358]

Huang et al. Page 9

Retina. Author manuscript; available in PMC 2010 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
The Early Treatment of Diabetic Retinopathy Study (ETDRS) macular map sectors. The four
quadrants of the outer, 6mm diameter ring around the fovea are labeled S6, T6, I6, and N6 to
represent the superior, temporal, inferior, and nasal regions, respectively. The inner, 3mm
diameter ring is labeled analogously. C1 represents the innermost 1mm diameter ring around
the fovea.
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Figure 2.
Boxplot of macular thickness (ETDRS map sectors, see Figure 1). The retinal thicknesses ±
standard deviation, as measured by the StratusOCT and the Fourier-domain OCT for a
particular region, are plotted next to each other for comparison.
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Figure 3.
The Early Treatment of Diabetic Retinopathy Study (ETDRS) macular grid is shown depicting
regional differences in retinal thickness between the RTVue-100 and the StratusOCT. The
RTVue-100 generally yielded thicker (positive percentage) measurements.
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