
comparison of td vs  sd oct final version 2.0 12-2-09.doc       

Diabetic Retinopathy Clinical Research 

Network 

 

 

 
Comparison of Time Domain OCT and 

Spectral Domain OCT Retinal Thickness 

Measurement in Diabetic Macular Edema 
 

 
 
 

 
Version 2.0 

 

 

December 2, 2009 



comparison of td vs  sd oct final version 2.0 12-2-09.doc       

Table of Contents 

 

CHAPTER 1. INTRODUCTION _______________________________________________ 1-1 

1.1 Background Information .................................................................................................. 1-1 

1.1.1 Time Domain OCT ....................................................................................................... 1-1 

1.1.2 Spectral Domain OCT................................................................................................... 1-2 

1.2 Protocol Rationale ............................................................................................................ 1-3 

1.3 Study Objective ................................................................................................................ 1-4 

1.4 Study Design and Synopsis of Protocol ........................................................................... 1-4 

1.5 General Considerations .................................................................................................... 1-5 

CHAPTER 2. STUDY PROTOCOL_____________________________________________ 2-1 

2.1 Identifying Eligible Subjects and Obtaining Informed Consent ...................................... 2-1 

2.2 Subject Eligibility and Exclusion Criteria ....................................................................... 2-1 

2.2.1 Eligibility Criteria ......................................................................................................... 2-1 

2.3 OCT Procedures ............................................................................................................... 2-1 

2.4 Other Procedures .............................................................................................................. 2-2 

2.5 Risks and Benefits............................................................................................................ 2-2 

2.6 Subject Reimbursement ................................................................................................... 2-2 

CHAPTER 3. STATISTICAL CONSIDERATIONS _______________________________ 3-1 

3.1 Sample Size Estimation ................................................................................................... 3-1 

3.2 Analysis Plan ................................................................................................................... 3-2 

3.2.1 SD vs. TD Conversion Factor ....................................................................................... 3-2 

3.2.2 Reproducibility ............................................................................................................. 3-2 

CHAPTER 4. REFERENCES ____________________________________________________ 1 

 

 



comparison of td vs  sd oct final version 2.0 12-2-09.doc    1-1   

 1 

CHAPTER 1. INTRODUCTION 2 

 3 
1.1 Background Information 4 
Optical Coherence Tomography (OCT) is a noninvasive retinal imaging technique that allows both 5 
the quantitative measurement of retinal thickness and the characterization of retinal and vitreoretinal 6 
interface morphologic characteristics such as epiretinal membranes, intraretinal cystoid 7 
abnormalities, retinal thickening, and subretinal fluid.  OCT has become a standard tool in the 8 
management of patients with diabetic macular edema (DME).  OCT findings are a widely accepted 9 
outcome in clinical trials in relation to DME studies, although they are not a replacement for visual 10 
acuity and are not an accepted FDA endpoint for registration.   11 
 12 

1.1.1 Time Domain OCT 13 
Since the first descriptions of ophthalmic OCT imaging in the 1990’s,1 OCT technology has gained 14 
widespread acceptance as a primary tool for understanding central retinal thickness and morphology 15 
and changes in these two characteristics over time.  Multiple studies have described both normative 16 
data for macular thickness measurements in non-diabetic and diabetic patients 2-5 as well as 17 
quantitative response of the central retinal thickness to treatments for DME including laser 18 
photocoagulation and intravitreal injections with anti-vascular endothelial growth factor (VEGF) 19 
agents and steroids.6, 7  20 
 21 
Time domain (TD) OCT is the method incorporated into the first few generations of commercially 22 
available OCT equipment and uses low-coherence interferometry to produce cross-sectional 23 
tomograms of the posterior segment eye structures.  An 850 nm light source emits a probe beam of 24 
infrared light, which is split between the eye and a reference mirror at a known spatial location 25 
therefore producing two beams.  Both beams are reflected back to a photo detector, the time of 26 
flight delay of light back scattered from different layers in the retina is determined, and thickness 27 
data are thus obtained.  The OCTs internal computer acquires and processes the data to produce 28 
enhanced images.  Retinal thickness is determined using many individual A-scans which are then 29 
combined in series to generate lateral B-scans.  A computer algorithm determines the inner and 30 
outer retinal boundaries for each scan.   31 
 32 
At this time, the Zeiss Stratus has a virtual monopoly on commercially available time domain OCT. 33 
It is the OCT in most widespread use for both research and clinical practice, and is currently in its 34 
third version.  The Zeiss Stratus OCT collects 400 axial measurements per second with an axial 35 
resolution of approximately 10 µm.  Although this scan rate and resolution are generally adequate to 36 
obtain useful data regarding the center of the macula despite eye movement and other artifacts, it is 37 
important to recognize the limits of the current time domain technology.  In particular, the speed of 38 
scan acquisition with the Stratus OCT is limited by its requirements for a movable reference mirror 39 
as well as its light source’s temporal coherence properties, limiting the amount of data which can be 40 
obtained outside of the center of the macula.8   41 
 42 
Because it has been the primary OCT equipment commercially available to date, the Stratus OCT 43 
has been the standard machine used in all past Diabetic Retinopathy Clinical Research Network 44 
(DRCR.net) protocols.  The Network has published numerous manuscripts using Stratus OCT 45 
measurements on topics ranging from the diurnal variation in retinal thickness in diabetic subjects 46 
to response of central retinal thickness to treatment with intravitreal triamcinolone acetonide and 47 
bevacizumab 6, 7, 9  Collaboration between Carl Zeiss Meditec and the Network (within the 48 
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Network’s Industry Collaboration Guidelines) have been fruitful and have allowed previously 49 
unprecedented software revisions which transmit the Stratus OCT data via the internet to the 50 
Coordinating Center to be processed for data analysis, and, as needed, transmitted to a reading 51 
center. 52 
 53 

1.1.2 Spectral Domain OCT 54 
An alternative to TD OCT first became commercially available in 2008 with the advent of spectral 55 
domain (SD) OCT imaging.  Although the different SD OCT machines vary in specifics, they 56 
generally differ from TD OCT in utilizing a stationary reference mirror and a spectrometer to detect 57 
the interferometer-generated light spectrum.  The light spectrum data then undergo Fourier 58 
transformation to generate the retinal thickness measurements reported by the machine.10  This 59 
technology allows three major advantages over TD OCT in terms of much improved speed, 60 
resolution, and the ability to register images.  The improved speed enables an operator to obtain 61 
more information beyond just the center point or central subfield of the macula, and with algorithms 62 
which average signal to noise ratio and hardware which allows tracking of eye movements, images 63 
can be obtained with far less noise. 64 
 65 
The most widely distributed SD OCT machines in current use include the Topcon 3D OCT, the 66 
Zeiss Cirrus, the Heidelberg Spectralis, and the Optovue RTVue.  Each machine offers different 67 
parameters for scan speed and resolution. The Topcon 3D OCT has a 5 µm axial resolution and 68 
acquires A scans at rates of up to 18,000 scans per second. 10  The Cirrus HS-OCT can also achieve 69 
a 5 µm axial resolution and has a scan rate of 27,000 A scans per second.  In comparison, the 70 
Spectralis HRA+OCT has axial resolution of 7 µm optical and 3.5 µm digital and scans at a speed 71 
of up to 40,000 A scans per second with hardware which allows tracking of eye movements to 72 
minimize artifacts from these movements.11  Overall, faster SD OCT scan speeds allow more data to 73 
be acquired within the same time frame as compared with the older TD OCT technology.  In the 74 
same brief time (before eye motion impacts the image) that 6 radial lines are obtained with a TD 75 
OCT to provide detail on the center point of the macula, the SD OCT can obtain 256 raster scans of 76 
the central macula and provide similar or greater detail of the entire central macular region.  The 77 
Heidelberg Spectralis includes eye-tracking mechanisms to decrease noise from eye movements to 78 
improve resolution.  Furthermore, each of the machines provides software which average signal to 79 
noise ratios in a manner designed to improve resolution even further.  Analysis of this data can 80 
provide more detailed structural information beyond the center point of the macula, including 81 
reconstruction of retinal morphology in three dimensions, and also avoids interpolation of data 82 
between scans as is done with TD OCT.  The acquisition of more data also allows substantially 83 
higher resolution with SD OCT than that previously achievable with TD OCT.  A final advantage of 84 
SD OCT is that it allows registration, or point-to-point correlation of images in a fast, efficient 85 
manner that had not been possible previously with TD OCT.  Thus, multiple retinal images taken 86 
from the same eye at different time points can be compared and potentially accurately assessed for 87 
degree of change over time, not only of the center point, but throughout the central macula.  These 88 
features potentially would allow these machines to increase the ability of clinical trial designs to 89 
determine the effectiveness of treatments, not only of the central subfield, but throughout the 90 
macula.  This ability could provide a more sensitive way of determining potential effectiveness of 91 
treatments with fewer subjects or at an earlier stage of macular edema before the center of the 92 
macula, often accompanied by vision loss, has occurred. 93 
 94 
Additional features of some but not all SD OCT machines include the ability to integrate OCT 95 
images with other imaging modalities including fundus photographs, fluorescein angiography, 96 
indocyanine green angiography, autofluorescence, and red-free or infrared imaging.  As mentioned 97 
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above, the Spectralis also incorporates a “Tru-Track” mechanism which theoretically reduces 98 
overlap of data while acquiring images.  Unsurprisingly, given the wide variation in additional 99 
features, resolution, and scan speed rates, cost can vary considerably between instruments, with 100 
differences of over $60,000 in list price between the lowest and highest cost equipment. 101 
 102 
Preliminary normative data is already available in the literature comparing retinal thickness 103 
measurements between TD and SD OCT in non-diabetic populations. 10, 12-14 Early reports have also 104 
been published characterizing retinal pathology with SD OCT in both diabetes 8, 15 and age-related 105 
macular degeneration. 8, 16  However, this data has been obtained in a limited manner utilizing only 106 
select SD OCT machines in small sample size cohorts, particularly with regard to diabetic macular 107 
edema. Published studies thus far only report on subjects with DME comparing Zeiss Stratus, Zeiss 108 
Cirrus, and Heidelberg Spectralis machines.  Forooghian et. al. demonstrated that for 33 eyes with 109 
DME, the Zeiss Stratus OCT 3 and Zeiss Cirrus HD-OCT were similarly reproducible but that the 110 
Cirrus thickness values were significantly greater on average.15  Similarly, Han and Jaffe 111 
demonstrated that for 28 eyes with DME, thickness measurements obtained with Cirrus and 112 
Spectralis were greater than measurements obtained with Stratus. 8 113 
 114 
1.2 Protocol Rationale 115 
Until recently, all OCT measurements in the literature were obtained using TD technology.  116 
Although the Network has a history of successfully implementing and publishing multiple clinical 117 
trials using TD OCT, there is a strong rationale for assessing in a definitive manner how SD OCT 118 
can be used in protocols.  Because of substantially faster scan speeds, higher resolution, and precise 119 
ability to overlay retinal images from the same eye acquired at different times, SD OCT machines 120 
likely will replace TD Stratus OCT over the next 5 to 10 years.  Given the variety of SD machines 121 
commercially available and the diverse characteristics of sites enrolled with the DRCR Network, it 122 
will be vital to assess and compare the reproducibility of the most commonly available SD OCTs in 123 
order to adequately deal with future OCT data from a potential multitude of sources.  Since OCT-124 
derived measurements of retinal thickness are commonly used as critical determinants of eligibility, 125 
treatment criteria, and outcome measures in DME studies determining if a conversion factor can be 126 
derived to adequately allow some comparisons of data obtained by TD OCT to data obtained by SD 127 
OCT is critical.   128 
 129 
It is therefore imperative for the Network to have accurate, definitive data on how these 130 
measurements are affected by scan modality and to analyze the algorithms created among various 131 
devices.  In addition, the DRCR Network must determine if certain SD OCTs are not adequate for 132 
clinical trial quality data.  The reproducibility evaluation will also allow the Network to perform 133 
sample size and power calculations for future studies that incorporate estimates of variability 134 
between OCT measurements.  Thus, even if multiple types of SD OCTs are obtained by different 135 
sites, protocols can be designed that take into account expected variances in study data given a prior 136 
knowledge of the machines in use at each site.  Furthermore, if results of this study promote the use 137 
of multiple types of machines in clinical trials, competition through the industry could drive 138 
innovation leading to greater and faster improvements in imaging 139 
 140 
It is anticipated that on average the SD machines will generate higher retinal thickness values than 141 
the TD OCT machines since the SD segmentation algorithms measure retinal thickness from the 142 
retinal pigment epithelium to the internal limiting membrane (ILM) as compared with TD 143 
algorithms that measure retinal thickness from the junction of the inner and outer segments of the 144 
photoreptors to the ILM. 8, 14, 15  However, precise conversion factors must be determined 145 
independently for each SD machine in order to allow subsequent comparisons to have the greatest 146 
degree of accuracy possible.  In this study, conversion factors will be generated not only relating 147 
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each SD OCT to the Stratus TD OCT, but also for each SD OCT to the other SD OCTs.  This will 148 
enable accurate and rapid comparison between measurements from different SD machines in the 149 
future and may allow the Network to utilize OCT measurements from different sites with different 150 
equipment.  It will also allow generalizability of results across DME studies reporting retinal 151 
thickness measurements from different SD machines. 152 
 153 
A second primary aim of this study is to assess reproducibility of measurements from the most 154 
commonly available SD OCTs: the Zeiss Cirrus, Heidelberg Spectralis, Topcon 3D-OCT, and 155 
Optovue RTVue machines.  Previous work from DRCR.net determined that for the Stratus OCT, 156 
92% of central subfield thickness measurements are within 10% of a replicate measurement and 157 
50% of replicate measurements of the central subfield were within 7 microns of each other. 17  This 158 
study will now assess whether any of these SD OCT machines have at least a similar reproducibility 159 
level and if any differs significantly from the others.   160 
 161 
Han and Jaffe observed that foveal thickness differences in eyes with diabetic retinopathy were 162 
significantly smaller than in eyes without retinal pathology, possibly because of outer segment 163 
thinning in patients with diabetes.  They found further evidence that retinal thickness measurement 164 
differences between machines may vary with the type of posterior segment disease.8  Given 165 
differences in OCT scan variability between non-diabetic and diabetic patients as well as eyes with 166 
diabetic versus other retinal pathology, it is essential to perform studies assessing measurement 167 
differences between TD and SD OCT in a comprehensive fashion in a patient population with 168 
diabetes for the purposes of generalizing to future cohorts with DME.  Since the reproducibility (in 169 
microns) of the Stratus OCT machine varies by thickness level 17 it will also be important to enroll a 170 
sufficient number of subjects across different thickness categories.   171 
 172 
This study will answer key questions regarding the comparison of automated central retinal 173 
thickness measurements from SD and TD OCTs as well as OCT reproducibility among SD OCT 174 
machines themselves.  The results are likely to have wide ranging influence on future clinical trial 175 
protocols developed for subjects with DME.   176 
 177 
1.3 Study Objective 178 
The primary objectives for the study are as follows: 179 

1. Compare thickness measurements between Zeiss TD Stratus OCT and selected SD OCT 180 
machines (Zeiss Cirrus, Heidelberg Spectralis, and Topcon 3D-OCT, Optovue RTVue), 181 
estimating a conversion factor between TD OCT and SD OCT. 182 
 183 

2. Assess and compare the reproducibility of the selected SD OCT machines utilizing their 184 
respective software analysis algorithms. 185 
 186 

1.4 Study Design and Synopsis of Protocol 187 
A. Study Design 188 

• Observational, multi-center study 189 
 190 

B. Major Eligibility Criteria 191 

• Age >=18 years. 192 

• Type 1 or type 2 diabetes 193 

• Media clarity adequate for obtaining OCT images  194 
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• Presence of DME in at least one eye (as defined by central subfield thickness on Stratus 195 
OCT of 250 microns or greater) 196 

 197 
C. Sample Size 198 
The study will enroll approximately 800 subjects with DME in at least one eye at participating sites.  199 
Subjects will be selected so that there will be a minimum 75 eyes each in the range of < 250 200 
microns (measured from the center subfield of the Stratus OCT3 retina map), 250 to 300 microns, 201 
301 to 450 microns, >450 microns on each SD machine. Throughout the study, the distribution of 202 
thickness levels for each machine will be evaluated and eligibility may be tailored to add balance 203 
between the strata and the machines.     204 
 205 
D. Protocol Summary 206 
Each subject will have two OCT measurements made on each eye using the TD Stratus OCT3 207 
machine and two measurements using each of any of the following SD OCTs available at the site: 208 
Zeiss Cirrus, Heidelberg Spectralis, Topcon 3D-OCT, Optovue RTVue.  Not all subjects will have 209 
measurements on all SD OCT machines.  All measurements will be completed by the same operator 210 
and obtained within 2 hours of the initial measurement.  The Zeiss Stratus OCT should be obtained 211 
first.  The order of the spectral domain OCT machines will be based on convenience of availability.  212 
If more than 2 hours transpire between the initial Zeiss Stratus OCT measurement and the final 213 
spectral domain OCT measurement, one repeat Zeiss Stratus OCT measurement should be obtained 214 
to assess for diurnal variation.  The images will be sent to the DRCR.net Coordinating Center 215 
(uploaded through the website as available) and may be sent to a reading center for further 216 
evaluation.  217 
 218 
1.5 General Considerations 219 
The study is being conducted in compliance with the policies described in the DRCR.net Policies 220 
document, with the ethical principles that have their origin in the Declaration of Helsinki, with the 221 
protocol described herein, and with the standards of Good Clinical Practice. 222 
 223 
The DRCR.net Procedures Manuals (OCT Testing Procedures Manual) provide details of the 224 
examination procedure.   225 
 226 
Data will be directly collected in electronic case report forms, which will be considered the source 227 
data. 228 
 229 
There is no restriction on the number of subjects to be enrolled by a site. 230 
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 231 

CHAPTER 2. STUDY PROTOCOL 232 

 233 
2.1 Identifying Eligible Subjects and Obtaining Informed Consent 234 
A maximum of 800 subjects are expected to be enrolled.  Subjects will be selected so that there will 235 
be at least 75 eyes each in the range of < 250 microns (measured from the center subfield of the 236 
Stratus OCT3 retina map), 250 to 300 microns, 301 to 450 microns, >450 microns with each of the 237 
selected SD OCT machines.  Throughout the study, the distribution of thickness levels for each 238 
machine will be evaluated and eligibility may be tailored to add balance between the strata and the 239 
machines.       240 
 241 
Potential eligibility will be assessed as part of a routine-care examination.  For subjects who are 242 
eligible for the study, the study protocol will be discussed with the patient by a study investigator 243 
and clinic coordinator.  Prior to completing any procedures or collecting any data that are not part of 244 
usual care, verbal informed consent will be obtained (if an Institutional Review Board does not 245 
allow for verbal consent, written consent will be obtained).   246 
 247 
 248 
2.2 Subject Eligibility and Exclusion Criteria 249 

2.2.1 Eligibility Criteria 250 
 251 
1. Age >= 18 years  252 

• Potential participants <18 years old are not being included because DME is so rare in this 253 
age group that the diagnosis of DME may be questionable.  254 

2. Diagnosis of diabetes mellitus (type 1 or type 2).  255 

•••• Any one of the following will be considered sufficient evidence that diabetes is present:  256 

� Current regular use of insulin for the treatment of diabetes 257 

� Current regular use of oral antihyperglycemia agents for the treatment of diabetes 258 

� Documented diabetes by ADA and/or WHO criteria (see Site Coordinator Manual) 259 

3. In at least one eye:  260 
a. Pupil dilates to 5 mm or larger. 261 

b. Media clarity adequate for obtaining OCT images  262 

c. Presence of DME (as defined by central subfield thickness on Stratus OCT of 250 263 
microns or greater) 264 

d. Primary macular pathology diabetic macular edema in the judgment of the enrolling 265 
investigator. 266 

4. No history of chronic renal failure requiring dialysis or kidney transplant. 267 

 268 
2.3 OCT Procedures 269 
The DRCR.net OCT Procedures Manual details the procedures involved in obtaining the OCT and 270 
submitting the images to the DRCR.net Coordinating Center.  The pupils will be dilated about 30 271 
minutes prior to the initial OCT with the drops routinely used by the site.  Pupil dilation should be 272 
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checked prior to each OCT scan and if pupil is not dilated to at least 5 mm, reapplication of dilating 273 
drops should be considered.   274 
 275 
All subjects will receive replicate scans on the Stratus OCT3 and receive replicate scans on the 276 
Zeiss Cirrus, Heidelberg Spectralis, Topcon 3D-OCT, and Optovue RTVue as available at the site.   277 
 278 
For each OCT machine, two OCT measurements will be made on each eye.  The right eye is 279 
scanned first, and then the left eye is scanned.  Each scan must be evaluated to be of adequate 280 
quality for submission, according to the study procedures.  If scan quality is judged substandard by 281 
the operator, then the scan will be repeated until a good quality scan is obtained.  The patient will be 282 
asked to stand up briefly, and then the second scans will be performed on each eye (with repetition 283 
to achieve good quality as needed). 284 
 285 
The Zeiss Stratus OCT replicate measurements should be obtained first.  The order of the spectral 286 
domain OCT machines will be based on convenience of availability.     287 
 288 
All measurements for the subject should be completed within 2 hours of the initial OCT scan since 289 
there is the potential that the subject’s thickness will decrease throughout the day. 9  If more than 2 290 
hours transpire between the initial Zeiss Stratus OCT measurement and the final spectral domain 291 
OCT measurement, one repeat Zeiss Stratus OCT measurement should be obtained to assess for 292 
diurnal variation.   293 
 294 
The OCT images will be obtained by a DRCR.net certified operator using the same OCT machine 295 
for the replicate scans.  Ideally, the same operator should be used for the entire study.  The images 296 
will be sent to the DRCR.net Coordinating Center (uploaded through the website as available) and 297 
may be sent to a reading center for further evaluation.   298 
 299 
2.4 Other Procedures 300 
Historical information will be collected, including demographics, prior treatment for diabetic 301 
retinopathy, standard office visual acuity, and medications.   302 
 303 
2.5 Risks and Benefits 304 
The procedures in this study are part of daily ophthalmologic practice in the United States and pose 305 
no additional known risks.  Dilating eye drops will be used as part of the exam.  There is a small 306 
risk of inducing a narrow-angle glaucoma attack from the pupil dilation.  However, all subjects will 307 
have had prior pupil dilation usually on multiple occasions and therefore the risk is extremely small.  308 
OCT carries no known risk.   309 
 310 
The subject is not expected to receive benefit from study participation. 311 
 312 
2.6 Subject Reimbursement 313 
Subjects will receive a $50 gas card for participating. 314 
 315 
 316 
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 317 

CHAPTER 3. STATISTICAL CONSIDERATIONS 318 

 319 
The approach to sample size estimation and the general statistical analysis plan are summarized 320 
below and will be detailed in a separate Statistical Analysis Plan. 321 
 322 
3.1 Sample Size Estimation 323 
The primary objective of this study is to estimate a regression line to translate a value from one 324 
machine to the equivalent value from a different machine.  There will be two sources of error with 325 
this process: error in estimating the regression equation and measurement error from each scan.  326 
Only the first source of error can be affected by the sample size.  The measurement error is an 327 
inherent property of the machine. 328 
 329 
The impact of different sample sizes will be assessed by estimating the confidence interval for the 330 
predicted Stratus OCT measurement thickness given the thickness from one of the spectral domain 331 
OCT machines. 332 
 333 
Unpublished data obtained from DRCR.net protocol, A Randomized Trial Comparing Intravitreal 334 
Triamcinolone Acetonide and Laser Photocoagulation for Diabetic Macular Edema, where 1363 335 
replicate pairs of OCT images were obtained at baseline can be used to estimate the effect on 336 
margin of error for varying sample sizes.  Based on this data the margin of error for the model fit is 337 
negligible even for a small N.  The fit of the regression line is the only component of error that will 338 
vary based on the sample.  Sample size will not have an impact on the error associated with the 339 
variability of the machine.     340 
     341 
Since the overall impact of increasing sample size on margin of error is small, sample size will 342 
primarily be based on the second objective for this study, which is to assess the reproducibility of 343 
each machine.  As described below, reproducibility will be assessed based on the estimated margin 344 
of error, standard error of measurement (SEM) between two measurements on the same eye and 345 
will be reported as sqrt(2)*1.96*(Estimated standard deviation).  The square of the ratio of the true 346 
to estimated value of this quantity is based on a chi-square distribution with degrees of freedom 347 
equal to the number of paired tests.  The following table represents the magnitude of the ratio 348 
between the true margin of error and the estimated margin of error. 349 
 350 
 351 

Confidence Interval for Relative Error 
 352 

 353 

 Sample Size 

N = 75 N = 100 N = 200 N = 300 N = 500 

Half-width of 95% Confidence 

Interval on SEM 

±19% ±16% ±11% ±9% ±7% 

 354 
 355 
Based on the above, sample size is selected to be approximately 75 eyes since a margin of error of 356 
±19% is deemed acceptable.  Since a goal is to evaluate each machine within thickness subgroups, 357 
75 eyes will be recruited in the range of < 250 (measured from the center subfield of the OCT3 358 
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retina map), 250 to 300 microns, 301 to 450 microns, >450 microns with each SD OCT for a total 359 
of 300 eyes per machine.   360 
 361 
If the observed value for the SEM is 40 microns, for example, then a sample size of 75 eyes gives a 362 
margin of error of ±19% of the observed value, approximately ±8 microns.  For the overall analysis 363 
with 300 eyes per machine, the margin of error will be ±9% of the observed value.   364 
 365 
3.2 Analysis Plan 366 

3.2.1 SD vs. TD Conversion Factor 367 
Summary statistics will be presented for the differences between SD and TD OCT thicknesses. 368 
 369 
Since it is anticipated that on average the SD machines will have higher retinal thickness values 370 
than the TD OCT machines, it is important to determine if a conversion factor can be estimated for 371 
each SD with the TD OCT both for clinical trials for eligibility, retreatment, and outcome 372 
information and in clinical practice for patient care.  A repeated measures linear regression model 373 
will be fit with the first TD OCT measure as the outcome and the first SD OCT measure as the 374 
predictor.  Thickness values will be transformed to a log scale for analysis assuming this does not 375 
violate regression diagnostics.  All linear model assumptions will be verified including linearity, 376 
normality of residuals, and homosckedasticity.  95% confidence intervals for observed thickness 377 
values will be assessed. 378 
 379 

3.2.2 Reproducibility 380 
Multiple OCT measurements are being obtained on each eye to assess reproducibility.  The primary 381 
aim of the reproducibility analysis is to estimate the variance (or standard deviation) for each 382 
machine of an observed OCT measurement. This will be used to determine the magnitude of 383 
observed change in OCT measurements required to have reasonable certainty that the change is real 384 
and not due to the variability of the measurements.  Since there is not expected to be significant 385 
number of replicate images obtained by different personnel, repeat measurements obtained by 386 
different operators will be included in the analysis.  A sensitivity analysis will include only those 387 
replicate measurements obtained by the same operator.     388 
 389 
The reproducibility analysis will determine the margin of error (ME) for a 95% confidence interval 390 
on a single OCT measurement and for the change in OCT measurements both on a micron scale and 391 
for the percent change in thickness.  Analysis will be done separately on each type of OCT machine.    392 
 393 
The root mean square will be calculated by taking the square root of the ratio of the sum of the 394 
squared differences to the number of differences (pairs from the same OCT machine).  The margin 395 
of error for measurement will be calculated by multiplying the root mean square by the square root 396 
of 2.  The margin of error for change will be calculated by multiplying the root mean square (RMS) 397 
by 2   398 

 399 
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 401 
 402 
Based on reproducibility data obtained from Zeiss OCT3, 17 it is expected that the variance of the 403 
OCT measurements will depend on the thickness of the retina.  Therefore, reproducibility analysis 404 
will be conducted overall and for each retinal thickness subgroup: (<250 microns, 250 to 300 405 
microns, 301 to 450 microns, and >450 microns).  If any paired values have an absolute difference 406 
>3 times the initial SEM value, they will be truncated at this value and the SEM will be re-407 
calculated.  The model will account for correlated data from subjects with two study eyes.  If the 408 
distribution of residuals is highly skewed then a transformation or non-parametric analysis will be 409 
used. 410 
 411 
The overall difference between the two measurements will be calculated to assess if a trend exists 412 
for a fatigue factor.  The frequency of measurements with difference in repeat testing of 10% or 413 
more, 25 or more microns, and 50 or more microns will be calculated.    414 
 415 
Bland-Altman plots graphing the differences in measurements against the measurement means will 416 
also be presented.  417 
 418 
Additional analysis will estimate the intra-class correlation between the two measurements from the 419 
same machine. The coefficient of variation will be calculated as the RMS divided by the mean of 420 
the thickness measurements.     421 
 422 
Tabulations on the distribution of the amount of difference will also be presented.    423 
 424 
 425 
 426 
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