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Abstract 

Purpose: The RTVue-100 is a new instrument for measuring retinal blood flow (RBF), but 

image quality needs to be optimized in order for valid blood flow results. The primary aim of 

this thesis was to assess the presence of learning effects with novice and experienced 

operators. Methods: Twelve upper-year optometric students from the University of 

Waterloo, School of Optometry and Vision Science, were trained in operating RTVue-100. 

Nine healthy participants, with a mean age (± SD) of 25.7 ± 3.8 years, underwent OCT 

imaging. Using the Doppler OCT of Retinal Circulation (DOCTORC) software, images were 

assessed by computer for various image quality parameters. Results: Paired samples t-tests 

showed significant statistical differences between the novice and experienced operators for 

the following image acquisition parameters: total acquisition time (TAT), number of attempts 

to complete total scan protocol, and number of valid images. Mean values for TAT and the 

number of attempts decreased, whereas the mean number of valid images increased from 

novice to experienced level. Conclusions: The results confirm that there are learning effects 

observed within the image acquisition process using the RTVue-100 SD-OCT. 
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Chapter 1 

Literature Review: Learning Effect, OCT, and Retinal Blood Flow 
 

1.1 Introduction 

 

A “Learning Effect” is a quantified unit of performance measured over a given number of 

repetitions. Learning effect differs from learning in general which is the ability to acquire new, 

or modify and reinforce, existing knowledge and skills. The theory of a learning effect can be 

found in various fields of study. Specific areas of interest include surgical training, clinician 

trials, imaging techniques, and perceptual learning. Investigating the influence of learning effects 

is important to our understanding of how extraneous factors can affect scientific results. Learning 

effects could affect results in Optical Coherence Tomography (OCT) imaging and data analysis 

as previous literature suggests that through training operators are able to produce more accurate 

blood flow results. In recent years, the RTVue-100, a commercial OCT has been used to image 

ocular tissue. Although it is often relatively simple to operate a commercial OCT instrument, the 

operator might need to have some knowledge of the anatomy and physiology of the retina in 

order to capture accurate images and analyze these images properly. 

The theory of a learning effect was first experimentally shown by the nineteenth century German 

psychologist Hermann Ebbinghaus. The theory of learning effect states that the more times a 

procedure has been completed, there will be more improvement in performance per subsequent 

iteration. Ramsay et al
(81)

 suggest that many health technologies exhibit some form of learning 

effect, and this represents a challenge to rigorous assessment. The functioning of health 

technologies changes with time, more so earlier
(76)

 as operators become more experienced and 

confident. 

The assessment of learning curves has been conducted in numerous branches of medicine, 

including surgery. For example, Kiani et al
(68)

 stated “endoscopic vein harvesting (EVH) by 
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novice harvesters resulted in a greater number of discrete graft injuries and greater expression of 

tissue-injury genes than EVH done by experienced”. The results from another study, conducted 

by Bali et al
(65)

, demonstrated that surgeons who had prior experience with the use of 

femtosecond lasers in refractive surgery initially compared to non-refractive surgeons were more 

comfortable using this technology. The average number of docking attempts progressively 

decreased as the surgeons’ experience increased. Carotid artery stenting, a procedure used in 

vascular surgery, requires vigorous operator training because improved performance is closely 

tied with a decrease in complication rates
(70)

. Learning curve assessments via virtual reality (VR) 

simulation have become an integral part of training for medical residents. Results from VR 

assessment studies generally indicate a shift of learning from the simulation laboratory to the 

clinic
 (94)

. This form of training may be a potential means to avoid possible risks of novice 

laparoscopic surgery
(60)

. Also, simulation training has been found to improve the accuracy in 

performing both ultrasound-guided regional anesthesia (UGRA) in novice anesthesia residents
(69)

 

and cataract surgery in surgical residents
(63)

. Overall, medical training via simulation has become 

effective in enhancing the quality of care offered by physicians
(95)

. 

1.1.1 Assessment of Learning Effects in Clinical Studies 

 

There have also been clinical studies observing learning effects within clinician-patient 

interactions. For instance, with minor training many physical therapists can achieve more 

accurate results when applying Tinetti’s Balance Performance Oriented Mobility Assessment 

(BPOMA) in an elderly population
(66)

. Bonilha et al
(64)

 found that in modified barium swallow 

studies (MBSS) by novice clinicians had longer radiation exposure times when compared to 

those of experienced clinicians. A longitudinal qualitative study, conducted by Frankel et al
(93)

, 

concluded “effective use of computers in the outpatient exam room may be dependent upon 
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clinicians’ baseline skills that are carried forward and are amplified, positively or negatively, in 

their effects on clinician-patient communication”. More studies are needed on the impact of 

novel technologies on the clinician-patient interaction as studies up until now have utilized older 

techniques.  

1.1.2 Assessment of Learning Effects in Imaging Techniques 

 

The assessment of learning effects has offered an understanding of the training of operators in 

the use of imaging instruments. A combination of unique scan patterns and exclusive deviation 

analysis makes the RTVue a powerful early glaucoma detection and management learning tool. 

Filipucci et al
(61)

 state “a novice operator can obtain acceptable sonographic images in 24 non-

consecutive hours of active scanning after an intensive self-teaching programme”. Fathi et al
(67)

 

found that the incorporation of myocardial tissue Doppler velocity in the identification of heart 

disease increased the reliability of inexperienced and experienced echocardiographic imaging, 

but no improvements were observed in expert echocardiographers. A similar study
(83)

, 

investigating learning in myocardial perfusion imaging (MPI), revealed that novice operators can 

produce similar results as experts after adequate training and quality assurance was provided. 

More studies are needed on the impact of training of operators in the use of novel imaging 

instruments as studies up until now have utilized older techniques.  

1.2 Assessment of Learning Effects in Psychophysical Studies 

 

Practice can improve performance on a variety of visual tasks, including perceptual learning in 

foveal and peripheral vision. A review on psychophysical studies
(110)

 comparing learning effects 

across different tasks indicates that a variety of factors affect learning, including the number of 

perceptual dimensions relevant to the task, external noise, familiarity, and task complexity. For 

instance, more complex tasks that required discriminations along more than one perceptual 
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dimension showed more learning, whereas tasks involving simple stimuli and judgements along 

a single perceptual dimension tended to show only small amounts of learning. Significant 

learning can occur for both vernier and resolution acuity in majority of individuals, with 

significant individual differences in the degree and time-course of learning
(111)

. McKee and 

Westheimer
(112)

 showed that in the fovea the ability to judge whether or not two lines are 

perfectly aligned improves by 40% after 2000-2500 trails of practice. Studying perceptual 

learning is important to our understanding of the limitations of peripheral vision in relation to 

reading. In macular diseases where central vision is lost, such as age-related macular 

degeneration, people must rely on their peripheral vision to read. It has been shown that practice 

in identifying letters can lead to an improvement in peripheral reading speed
(113)

.  

It is important to note that although training can improve performance levels, the process of 

repetition can also induce learning effects. Chung et al
(113) 

showed that through repetitive testing 

on observers who did not receive training, this repetition can effectively provide these 

individuals with sufficient training to approach the improved performance levels of trained 

observers. This study also indicated that even after the training ceases, observers who received 

training retain most of their improvements for at least three months. The time course of learning 

a visual skill has also been investigated. Karni and Sagi
(114)

 suggest that observers learning a 

visual task showed little or no improvement until up to 8 hours after training, but large 

improvements occurred thereafter. There was almost no forgetting in observers learning this 

visual task and improvements that were gained were retained for at least 2-3 years. 
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1.3 Optical Coherence Tomography 

 

1.3.1 Principle of OCT 

 

Optical coherence tomography (OCT) uses interferometry to image ocular tissue
(101)

. Time-

domain (TD-OCT) typically images with infrared light, that passes a partially reflective mirror 

anterior to the eye that splits light into two beams: One beam enters to the eye (sample arm), and 

the other beam is directed towards a moving reference mirror (reference arm)
(102)

. A reflectivity 

profile is generated by quickly moving the reference arm mirror and simultaneously capturing 

the fringe pattern output. This profile is measured when the reference arm and reflective path 

distances are equal through the ocular tissue. Cross-sectional images are then produced from the 

series of separate profiles gathered by shifting the reference mirror while moving the beam over 

the eye. In contrast, spectral domain OCT (SD OCT) uses a stationary reference mirror, which, 

all other things being equal, provides better resolution
(56)

 and either separates the interference 

into spectral components or uses a spectrally swept source. In spectral imaging, spectral 

(frequency) information, such as the Doppler shift, is collected at every location in an image 

plane. SD-OCT is able to extract spectral information by distributing different optical 

frequencies onto a detector. Fourier domain refers to the analysis of signals with respect to 

frequency, rather than time. In Fourier domain OCT, two configurations exist: Spectral domain 

OCT (SD-OCT), which utilizes a spectrometer; or swept-source OCT (SS-OCT), which uses a 

laser source
(103)

. In SD-OCT, the spectrum is dispersed onto an array detector after travelling 

through a diffraction grating. In SS-OCT, a narrow band laser is swept across a broad spectrum, 

encoding the spectrum as a function of time. The swept source is superior to the spectral domain 

as it does not lose sensitivity at greater imaging depths. Therefore, SS-OCT is preferred choice if 

greater imaging depths are desired. With OCT, axial resolutions of a few microns can be 
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attained
(32, 33, 37, 41, 47, 51)

. OCT is now commonly used in ophthalmology, where images of ocular 

tissue of patients with disease can be acquired with higher resolutions
(42,48)

. Wojtkowski et al
(54) 

showed the first in vivo retinal spectral domain OCT images. Wojtkowski et al
(54)

 state 

“ultrahigh-resolution OCT in ophthalmic imaging has yielded axial resolutions of 3 µm in the 

retina compared to 10 µm for standard resolution OCT”. In addition, Doppler technologies have 

now been shown to have the ability to image ocular blood flow
(44,45)

.  

1.3.2 Comparison of Commercial OCT Devices 

 

A comparison of commercial OCT devices is shown in Table 1.1. Multiple considerations must 

be made when choosing the right OCT device for a clinical setting
(57)

. In optometric clinics 

where there are perhaps no trained operators in using OCT, acquiring images when technology is 

first introduced becomes difficult. For instance, the addition of a mouse instead of the 

conventional joystick may be more appropriate for people who are familiar with mouse control 

through the use of a personal computer. Moreover, the clinician might sometimes weigh cost 

considerations over quality of images attainable. In smaller clinics, the size of the device might 

also be an important concern. For example, Cirrus HD-OCT is a relatively portable and space-

efficient device while the Spectralis offers many ancillary devices/attachments. OCTs have 

different displays for scan results and this may also influence a clinician’s decision about what 

OCT is appropriate for their clinic. Lastly, the analysis software available is also an important 

factor. For example, the RTVue-100 allows for volumetric analysis to be performed.  

OCT devices use different segmentation software and this could be an important factor for 

clinicians who are focusing their studies on specific diseases. Optometrists must also pay 

attention to updates in their retinal blood flow analysis software. By keeping up to date with the 
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newest advancements in OCT software, clinics may be required to change training protocol for 

their optometrists in order to improve the accuracy of retinal measurements.  

 

Table 1.1 Comparison of Commercial OCT Devices.  

Reprinted from Review of Ophthalmology, OCT Units: Which One is Right for Me?;16(9):62, 

Copyright (2009), with permission from Jobson Medical Information LLC. 

1.3.3 RTVue-100 Spectral Domain Optical Coherence Tomography 

 

Several noninvasive techniques have been developed to quantify retinal blood flow (RBF) in 

humans. Previous techniques for measuring RBF have numerous limitations, such as being 

invasive, or are subjective, or are incapable of calculating blood flow since a surrogate parameter 

of flow is truly measured.  The Canon Laser Blood Flowmeter, or CLBF, is the only device that 
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truly measures volumetric retinal blood flow, but is limited to relatively large vessels and a 

single measurement site.  To overcome these limitations, a new instrument has been developed, 

known as RTVue-100 SD-OCT. 

RTVue-100 SD-OCT employs 840nm infrared light as its light source.  A double circular scan 

pattern with concentric radii is used for the estimation of RBFand is positioned at the optic nerve 

head
(58)

. With this scan, the angle of incidence can be obtained and this can provide blood flow 

velocity in absolute terms. The Doppler shift produced by the reflected light from the moving 

blood cells is quantified by a photodetector and translated by calculation to quantify the RBF by 

combining blood velocity values and the morphological measurement of retinal vessel calibre 

size
(59)

. Doppler SD-OCT provides a more comprehensive assessment of RBF because it permits 

better imaging of fine arterioles; it measures both blood velocity and vessel diameter for all 

retinal vessels simultaneously allowing quantification of total retinal blood flow from 3 

supranasal and 3 infranasal scans; and it measures retinal blood flow several times within a 

cardiac cycle (four measurement per second), which gives total time of measurement at 2 

seconds for totaling the flow value
(58)

. Reichel et al
(57)

 state “the RTVue-100 acquires images in 

real time, which is particularly useful in patients who are prone to inattention, fixation losses or 

blinking during scans”. The RTVue-100 also has a wide number of available scan protocols and 

thus allows for multiple methods of viewing and analyzing the retinal layers and optic nerve.  

1.4 Anatomy of Retinal Blood Circulation 

 

The transport of retinal substances is facilitated by the inner retina and choroidal circulatory 

system. A diagram of the anatomy of the ophthalmic artery with various branches of the 

external carotid artery has been shown in Figure 1.1.  
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Figure 1.1 Diagram of anatomy of the ophthalmic artery.  

Reprinted by permission from Macmillan Publishers Ltd: [EYE] (Hayreh SS. Orbital vascular 

anatomy), copyright (2006). 

 

1.4.1 The Retinal Microvasculature 

 

The retinal tissue is supplied by oxygen and nutrients by the inner and outer retinal vascular 

beds. The ophthalmic artery (OA) is the first branch of the internal carotid artery distal to the 

cavernous sinus
(1)

. The OA eventually forms the central retinal artery (CRA) and is positioned 

underneath the globe. The inner and outer retina is supplied by the CRA and the 

choriocapillaris, respectively
(2, 3)

. In comparison to other arteries in vertebrates, arteriole 

branches of the CRA contain less smooth muscle and exhibit less involuntary control. The blood 

supply to the choroid comes from the ophthalmic artery. Posteriorly, these vessels divide into 

long posterior ciliary arteries and short posterior ciliary arteries. Choroidal blood supply 

circulates through the choriocapillaries and larger vessels of the choroid to drain into vortex 

veins. The vortex veins emerge posterior to the equator in quadrants. The superotemporal and 
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superonasal vortex veins drain into the superior ophthalmic vein. The inferonasal and 

inferotemporal vortex veins drain into the inferior ophthalmic vein. These vessels will 

eventually exit via the cavernous sinus.  

1.4.2 Blood-Retinal Barrier 

 

The blood-retinal barrier consists of the retinal vasculature and the retinal pigment epithelium 

(RPE). This barrier functions to ensure that specific substances do not enter the retina.  A 

significant feature of the barrier is the presence of tight junctions
(6)

. These tight junctions are 

closely associated areas between two cells which aid in blocking the leakage of fluid. Within the 

outer retina, the RPE and Bruch’s membrane (BM) create the outer blood retinal barrier 

(oBRB). The RPE limits retinal exposure to excessive light. The Bruch’s membrane is a thin, 

acellular, five-layered extracellular matrix which assists in transfer between the retina and the 

choroid. There is supportive evidence that suggests that disruptions to the BM can lead to 

various eye-associated pathologies. Thus, characteristics of the BM are different in every 

individual and can distinctly affect the development of the visual environment. 

1.5 Retinal Blood Flow Regulation 

 

Blood flow through the retinal circulation is controlled by either the central nervous system 

(CNS) or by changes in the local environment
(100)

. The retina has a mechanism that allows it to 

have approximately constant blood flow even in conditions of varying perfusion pressure
(14)

. 

This mechanism is known as Autoregulation. While most organs of the body exhibit some 

degree of autoregulation, it is not as evident in the ocular system, as opposed to the kidney, heart, 

or brain. Autoregulation in the retina can be caused by either a vascular response to a myogenic 

stimulus, metabolic changes, or in the presence of arterial gases.  
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1.5.1 Mechanisms of Autoregulation 

 

Three mechanisms of retinal autoregulation exist, which include myogenic autoregulation, 

metabolic autoregulation, and autoregulation from arterial gases. 

First, a myogenic response mechanism of pericyte cells in the retina exists which becomes 

activated during periods of high blood pressure
(13)

. Elevated blood flow can cause an increased 

level of blood pressure, which leads to involuntary vessel constriction. These vascular changes 

eventually allow for a stable blood flow to occur. Riva et al have assessed the efficacy of 

autoregulation to changes in blood pressure
(97)

. 

Second, metabolic autoregulation is another mechanism that alters blood flow to stabilize 

metabolic requirements of the organ
(100)

. Retinal autoregulation is assisted by endothelium-

derived factors
(4, 11)

. The vascular tone of the vessel may be altered by the release of certain 

metabolic substances. These endothelial specific derived relaxing factors (EDRF) are released by 

the endothelial cells and initiate a vasodilatory response within the vessel,
(16)

 and endothelial 

derived constricting factors (EDCF) provide a vasoconstricting response. Various studies have 

indicated that an important EDRF within the inner retinal vessels is nitric oxide (NO)
(17-19) 

and an 

important EDCF is endothelin-1 (ET-1)
(4)

.  

Third, vascular change due to the presence of arterial gases can also elicit an autoregulatory 

response. The presence of oxygen (O2) is essential in order for the retina to remain active in its 

functions and determines RBF
(22)

. Ellsworth suggested that red blood cells respond to a low O2 

environment and the metabolic needs of the tissue by being able to augment blood flow and 

oxygen delivery wherever and whenever the need might arise
(23)

. Another arterial gas which has 

an effect on retinal vessel tone is carbon dioxide (CO2).  Vasodilation of the retinal vessels can 

occur when there is an elevation in carbon dioxide arterial tension, also known as hypercapnia. 
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Previous studies that have investigated the normal retinal response to hypercapnia have found 

consistent increases in inner retinal blood flow
(24-26) 

 and a relatively exaggerated effect on the 

cerebral vasculature
(27)

. These studies are of particular interest because they investigate the 

potential use of RBF as an early indicator of stroke.  

1.6 Blood Flow Dynamics  

 

1.6.1 Ohm’s Law 

 

The underlying principles of physics that govern how current runs through a circuit are 

applicable to blood flow within a vessel. Ohm’s law describes the relationship between flow and 

changes in pressure and resistance
(8)

. 

                                                                        Q  
 P

R
                                                           (1.1) 

Flow (Q) is related to pressure change (ΔP) between the lengths of the tube and inversely related 

to the resistance (R). Pressure differences along the vessel segment results in blood moving from 

high pressure to low pressure regions. Resistance is dependent on various factors such as vessel 

size, vessel bed arrangement, physical properties of the blood and vasoactive substances acting 

upon the vasculature
(100)

. As a general rule, Ohm’s law states that higher resistance creates 

decreased blood flow through a vessel. All contemporary measurements for retinal blood flow 

(RBF) calculation assume a circular vessel profile. However, theoretical calculations will rarely 

provide exact values of blood flow as there will always be slight differences to practical values. 

Furthermore, due to the elasticity of each individual vessel, vessel profiles may not be circular 

and could assume other geometrical configurations, such as oval-shaped. As a consequence of 

this correction factor, an underestimation or overestimation of RBF could result. 
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1.6.2 Poiseuille’s Law  

 

Poiseuille’s Law combines the study of liquid movement with the properties of a tube. This 

relationship is expressed as:  

                                                                     

                                                                    Q   
 P  r 

  η L
   

    
                                                         (1.2) 

          

where the pressure gradient ( P), flow (Q), radius (r), visocity (η) and dimensions (L) of the tube 

are associated. Laminar flow is the normal condition for blood flow throughout the circulatory 

system. It is characterized by concentric layers of blood moving in parallel down the length of a 

blood vessel
(96)

. The result of this movement is that higher velocities occur in the middle, while 

lower velocities occur along the outer boundary. This law assumes that fluid behaves in a 

Newtonian manner, and flows freely without resistance. However, blood in the human 

cardiovascular system does not flow in a Newtonian fashion, as vessels are able to change size 

and contractions from the heart cause pulsatile blood flow.  

1.6.3 Arterial Blood pressure  

 

The pressure changes created throughout the cardiovascular system allows blood circulation to 

transport nutrients to and from cells in the body. A healthy range of maximum pressures during 

systole (ventricular contraction) and diastole (ventricular relaxation) is 120mmHg and 80mmHg, 

respectively
(104)

. Blood pressure (BP) can be determined by the expression:  

                                               

                                                 BP
mean

  BP 
dias 

  
 

 
(BP

sys 
– BP

dias
)
 
                                           (1.3) 

 

where BP
sys 

is pressure measured during systole and BP
dias 

is pressure measured during diastole.  

 

1.6.4 Inner and outer pressures of the eye  

 

Aqueous humor is a fluid created by the ciliary body. It can follow either of two outflow 

pathways: 1) into the Schlemm canal known as the conventional pathway or 2) into the regions 
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between the sclera and choroid called the uveoscleral pathway
(104)

. The resulting pressure from 

this transfer of aqueous humor is called the intraocular pressure (IOP). In goldmann applanation 

tonometry, the IOP is inferred from the force required to flatten a constant area of the cornea. In 

normal healthy individuals, IOP is in the range of 10-21 mmHg
(104)

. The buildup of aqueous 

humor can cause an elevated IOP, and this can lead to optic neuropathy often clinically observed 

in the ocular disease known as glaucoma. The pressure of blood entering the eye, or ocular 

perfusion pressure (OPP), is influenced by BP and IOP in the formula:  

                                    

                                 OPP   
 

 
 BP

mean
– IOP                                                                          (1.4) 

 

where BP
mean 

is the average blood pressure
(9)

. 

 

1.7 Conclusion 

 

Learning effects have been studied in the areas of surgical training, clinician trials, imaging 

techniques, and psychophysical testing. It has been shown that with training, operators are able 

to produce more accurate results. However, further studies are required to validate these results 

on newer technologies. One such example of a novel technology which requires validation is the 

RTVue-100 OCT. An understanding of the systemic and ocular blood pressures is important in 

order for the operator to accurately assess the patient’s overall health status. The level of 

knowledge an operator has of the anatomical and physiological aspects of the retina could 

ultimately affect the overall assessment of learning effects associated with acquiring images with 

OCT.  
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Chapter 2 

Rationale 
 

2.1 Introduction 

 

The role of an operator is demanding both in time and effort. High quality images can only be 

achieved through experience as OCT imaging using the RTVue-100 is highly sensitive and 

requires precise positioning and focus for accuracy. What represents a high quality image is in 

part a subjective evaluation and this evaluation may change over time. Operators may improve in 

their ability to acquire images as they become more familiar with SD-OCT technology. This 

improvement can be attributed to learning effects observed in both technology (i.e. joystick 

control) and the operator being able to allocate attention to specific task details such as looking 

for qualities that constitute a good image.  

Although there are numerous studies published comparing the RTVue Doppler SD-OCT system 

to other optical instrumentations, there are no studies comparing the learning effects associated 

with acquiring Doppler SD-OCT images using this instrument. The reproducibility of ocular 

morphological measurements has been assessed, such as central corneal thickness (CCT),
(71-74)

 

retinal nerve fiber layer (RNFL) thickness,
(77, 79, 80)

 and optic disc measurements
(75)

. However, 

there is insufficient information within the literature on whether operator experience impacts the 

outcome of the retinal blood flow measurements using Doppler SD-OCT. 

2.2 Aims 

 

The primary aim was to determine the presence of any learning effects with novice and 

experienced image acquisition. Image acquisition is a crucial stage in the validation of the 

RTVue-100 as extraneous factors at the image acquisition stage may influence the outcome of 

the RBF assessment. A comparison of the following parameters pertaining to image acquisition 



 16 

was made: Total Acquisition Time (TAT), number of attempts to complete total scan protocol, 

and number of valid images. 

2.3 Hypotheses 

 

The hypotheses of this thesis were that total acquisition time (TAT) and number of attempts to 

complete total scan protocol will decrease, whereas the number of valid images of blood vessels 

will increase from novice to experienced sessions. 

2.4 Conclusion 

Overall, the aim of this thesis is to evaluate if there are improvements in the ability of operators 

to acquire ocular images through training. Understanding the influence of the level of experience 

on Doppler SD-OCT image acquisition is very valuable to determine if any apparent deviation of 

retinal blood flow (RBF) is truly significant or actually the product of extraneous influences such 

as learning effects. The image acquisition measurements will demonstrate significant differences 

between a novice and experienced operator. 
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Chapter 3 

Materials and Methods 
 

3.1 Introduction 

 

The term “operator” has been used in this thesis to describe individuals who are being trained to 

operate OCT (i.e. OD students). The term “participant” has been used to describe individuals 

who are having their eye imaged. Operators and participants were not the same in this study.   

The sample size for participants and operators was calculated. Sample size determination is 

important in order to make inferences about a population from a sample. Inclusion and exclusion 

criteria were set up to select the participants and operators. Image acquisition and training 

protocol was kept the same for each operator in order to have an accurate comparison. Image 

acquisition parameters, including Total Acquisition Time (TAT), the number of attempts, and the 

number of valid scans, were measured and statistically analyzed to show significant differences 

between experience levels. 

3.2 Sample Size determination 

 

Using a pilot study (appendix), the average deviation in total acquisition time from novice to 

experienced level using Doppler SD-OCT on nine healthy participants was determined to be 6.92 

± 6.06 minutes. The standardized effect size (= 6.92/6.06) was computed to be 1.14 and the 

sample size (assuming α = 0.05; power = 0.95) was 12 per group. Therefore, 12 operators were 

recruited for this study (   “novice” operators transitioning to “experienced”). 

3.3 Number of Participants estimation 

 

Using G*Power statistical software
(115)

, I determined that nine participants will be used for the 

current study. Using an effect size of  .   and α error probability of 0.05, a power of 85 results 

with a total sample size of 9. This is to ensure that I achieve high statistical power and taking into 
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account for subject dropout considerations. A single eye of the participant will be chosen for the 

study.  

3.4 Justification for the recruitment of Doctor of Optometry (OD) students  

 

Fourth-year optometric students were chosen as test subjects for this study because they have 

been exposed to ocular health and disease, optics and visual sciences. Having also been exposed 

to numerous imaging modalities, such as fundus photography, these individuals also have the 

advantage of knowing what constitutes a good image. By year 4, these students have been 

exposed to techniques and behaviour training required for clinical practice. Furthermore, they 

have been exposed to patient contact and thus are quite comfortable when working with patients. 

3.5 Definition of a novice and experienced operator 

 

“novice” operator: An operator who has been newly trained by an “experienced” operator in 

image acquisition and has not acquired images on any participants using the RTVue SD-OCT. 

“experienced” operator: An operator who has been newly trained by an “experienced” operator 

and has acquired images from at least 29 participants using the RTVue SD-OCT. With advice 

from Optovue Inc., it was suggested that completing 20 cases constitutes minimal experienced 

level.  

3.6 Inclusion criteria for novice and experienced operator 

 

Selected operators were from the University of Waterloo, School of Optometry and Vision 

Science. “Experienced” operators were selected from the pool of “Novice” operators.  

Inclusion criteria for “novice” operator: A 4
th

 year professional OD student with no previous 

experience using the RTVue SD-OCT.  

Inclusion criteria for “experienced” operator: A 4
th

 year professional OD student who has 

acquired images from at least 29 participants using the RTVue SD-OCT.  
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3.7 Imaged Participants 

 

Selected participants were those who are healthy and free from systemic or ocular diseases. 

These participants were taken from a young population (age range: 20-30 years). Below are the 

criteria used to select participants in this study: 

Inclusion criteria:  

All volunteers passed a screening exam, which was conducted by a single optometrist. Each 

participant had a visual acuity of 6/6 or better. Participants had a refractive error within ±6.00 

Dioptres sphere (DS) and ±2.00 Dioptres cylinder (DC). Corneal pachymetry was used to ensure 

participants have a central corneal thickness greater than 500µm. Goldmann tonometry was used 

to ensure participants have an IOP of less than 21 mmHg as an IOP greater than this range 

indicates glaucoma. 

Exclusion criteria: 

Participant exclusions were made if the eye had significant media opacities likely to impair SD-

OCT imaging. Participants were excluded if they had ocular surgery. The existence of any 

serious retinal or systemic disease that may affect RBF (i.e. diabetes, thyroid disorders, 

hypertension, etc.) also resulted in the exclusion of the participant. Smokers were excluded from 

the study. 

The room temperature during the examination was maintained at 22 - 24
º 
C. Participants were 

asked to not drink caffeine products or consume red meat at minimum 4-12 hours before testing.  

3.8 Procedures  

 

3.8.1 Visits 

 

Each operator was instructed to participate in two visits. At the initial visit, all operators acquired 

images from 9 participants using the RTVue SD-OCT. After the first visit, the novice operators 
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then acquired at least 20 additional cases to transition to “experienced” operator status. After 

gaining experience, these operators repeated image acquisition on the initial participants for the 

second visit. 

3.8.2 Image Acquisition Protocol 

The procedures for this study have been outlined in Figure 3.1. Assessment of best corrected 

logMAR visual acuity, blood pressure at rest, and intraocular pressure (IOP) were all done before 

dilating the eye with Tropicamide 0.5% (Alcon, Canada). IOP was assessed by a Goldmann 

applanation tonometer before and after readings were taken with the OCT. 

 
Figure 3.1 The detailed procedures for session.  
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Six repeats (for the new scan protocol; 3 repeat scans at each of 2 pupil positions) were acquired 

using the OCT at each visit. The operator first acquired 3 images at the supranasal pupil position 

and then acquired 3 images at the infranasal pupil position. These positions were chosen to 

provide variation in the imaging task and these are the positions most often used in total RBF 

assessment. A random eye of the participant was selected. The working distance between 

patients and the OCT was 22mm. The participant was instructed to put their chin on the slit-lamp 

and look at the blue target projected into the Doppler SD-OCT optical system (Figure 3.2). For 

the left eye, the fixation target was towards the right and for the right eye; the fixation target was 

towards the left to ensure a nasal position. The exposure power at pupil was 750µW. This low 

value guaranteed no damage to imaged eyes being below the maximum permissible exposure 

dictated by the American National Standards Institute (ANSI) at this wavelength. Fundus 

photography was utilized to provide a documented confirmation of normality (Nidek Non-

Mydriatic Auto Fundus Camera, Model AFC-230, 20 MP, Gamagori, Japan). Measurements 

were made while focused on the optic nerve head (ONH). The same image acquisition protocol 

was utilized for each visit. 
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Figure 3.2 RTVue Participant Fixation Chart. 

The RTVue-100 OCT provides an image-quality quantification known as the Signal Strength 

Index (SSI). Wang et al
(99)

 define SSI as “a measure of the average signal strength across the 

scan; the higher the number, the better the quality”. Low SSI can result in poor image resolution, 

lack of retinal detail, and segmentation errors. The SSI can range from 0 (no signal) to 100 (very 

strong signal). The general guidelines from the manufacturer (Optovue) are as follows: SSI of 

<30 is a very poor quality scan that cannot be analyzed, SSI of 30-40 is a poor quality scan that 

can be analyzed but should be retaken to improve if possible, SSI of 40-50 is an adequate quality 

scan that can be analyzed but should be retaken to improve if possible, SSI of 50-60 is a good 

quality scan, SSI of >60 is a very good quality scan. SSI can be observed on the image quality 

check report after a scan is acquired (Figure 3.3). When a SSI of <30 is attained, the RTVue-100 

OCT automatically commands the operator to re-take the respective poor-quality scan. However, 

if a SSI >30 is achieved, the image is accepted and the operator is instructed to continue to 

acquire the next scan.  
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Figure 3.3 Image Quality Check. This report shows that the scan may have weak Doppler signal 

strength. In this scenario, the operator should move the beam to the edge of the pupil.  

Reprinted by permission from Advanced Imaging for Glaucoma Study. AIGS Manual of 

Procedures 8.1. 

3.8.3 Training Protocol 

 

Operators were first shown two instructional videos (“How to take a scan?” and “How to take a 

3D disk scan?”) produced by Optovue Inc. These videos taught operators on how to align 

participants and overviewed the scanning process with specific reference to focusing images. 

After the videos, the training personnel (C.U.) then taught the operators about the start-up 

features, such as how to open the program, how to input participant information, and how to set 

up a scan protocol. I also taught the basic functionalities associated with the RTVue system, such 

as joystick maneuvering and the switches to move the instrument and chin rest (Figure 3.4). 
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Figure 3.4 Operating controls for the RTVue-100. 

The peak position of the curve pattern was shown to be adjusted by twisting the joystick (Figure 

3.5). In order to acquire an image at the supranasal position, the operator twisted the joystick 

counter clockwise to move the curve’s peak to the left. For the infranasal position, the operator 

twisted the joystick clockwise to move the curve’s peak to the right. Once the height of the peak 

of the curve is positioned in the appropriate quadrant (upper-left for supranasal; upper-right for 

infranasal), this indicates that the beam is at the edge of the pupil and is in the correct location. 

 
Figure 3.5 Supranasal Doppler Scan Position (upper). Infranasal Doppler Scan Position (lower).  

Reprinted by permission from Advanced Imaging for Glaucoma Study. AIGS Manual of 

Procedures 8.1, Copyright (2012). 
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The training personnel (C.U.) then instructed each operator to follow and complete the RTVue 

training checklist (Figure 3.6). 

 
Figure 3.6 RTVue Training Checklist. Training personnel protocol has been included on the 

right side. 

3.8.4 Quantitative Assessment of Image Acquisition Parameters 

 

The total acquisition time (TAT) was measured by an electronic stopwatch (“start time” was 

when the training personnel (C.U.) instructed the operator to begin image acquisition and “end 

time” was when all images were successfully acquired).  
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While the operator was acquiring images, the training personnel (C.U.) recorded the number of 

attempts to complete total scan protocol (Note: An “attempt” was defined as when an operator 

had clicked to acquire an image). 

The RTVue-100 software contains an algorithm that assesses if the scan acquired is “acceptable” 

or “unacceptable” based on numerous criteria, including image focus, resolution and signal 

strength. The Doppler OCT of Retinal Circulation (DOCTORC-Quality Check) software further 

evaluates the images acquired, paying specific attention to structural details, to check if the 

images can be analyzed for blood flow. Using the DOCTORC software on a separate computer, 

the number of valid scans was evaluated. This computer program was calibrated by Optovue Inc. 

prior to image quality assessment to ensure accurate results. 

3.8.5 Statistical Analysis 

 

After having established normality using Kolmogorov-Smirnov test, a paired samples t-test was 

performed to compare the effect of experience level on total acquisition time (TAT), the number 

of attempts, and the number of valid images. Within the study design, inter-operator relationships 

was evaluated (Figure 3.7). Analyses were completed with computer software (Statistica version 

6; StatSoft, Tulsa, Oklahoma, USA). 
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Figure 3.7 Study Design. 

3.9 Conclusion 

The sample size included twelve operators and nine participants. Doctor of Optometry (OD) 

students were selected for this study so a fair assessment of learning effects could be compared 

as each operator would have the same experience level at 2 visits. Inclusion and exclusion 

criteria were set up for participants in order to recruit individuals who were young and healthy. 

Inclusion and exclusion criteria were set up for operators in order to recruit individuals who were 

either “novice” or “experienced”. 
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Chapter 4 

Results 
 

4.1 Introduction 

 

Participant characteristics were assessed to confirm healthy ranges of ocular and systemic 

parameters. The Kolmogorov-Smirnov test, or K-S test, was used to determine if the sampled 

data were from a normally distributed population. Image acquisition parameters, including Total 

Acquisition Time (TAT), the number of attempts, and the number of valid scans, were evaluated. 

Paired samples t-tests were used to show statistically significant differences between group 

means. Results were graphically presented by line graphs, box plots, scatter plots, and frequency 

distribution histograms. 

4.2 Imaged participant characteristics 

 

Imaged participants’ characteristics are shown in Table 4.1. The mean age of the 9 subjects was 

25.7 ± 3.8 years (mean ± standard deviation; ranging from 23 to 30 years). All patients were 

emmetropic. Patient refractive error (RE) would affect RNFL thickness profile measured by 

RTVue OCT
(108)

. While inputting patient information, there is an input which requests for RE 

and this can allow the OCT device to adjust for the axial length. Overall, imaged participants 

exhibited ocular and systemic parameters within normal ranges.  
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4.3 Tests for Normality of Data 

Figure 4.1 shows a frequency distribution histogram of the difference in total acquisition times 

from novice to experienced session. Although visually this graph does not appear to indicate 

normal distribution, the Kolmogorov-Smirnov (K-S) test for normality provided a K-S statistic 

D= 0.83; p=0.62. Since the p-value is greater than the chosen alpha level (0.05), I can accept the 

null hypothesis that the data come from a normally distributed population. Hence, I can use 

paired samples t-test, which assumes normal distribution, to test my particular predictions. 

 

 
Figure 4.1 Histogram of Difference in Total Acquisition Time with Normal Distribution Curve. 

4.4 Image Acquisition Parameters 

 

4.4.1 Total Acquisition Time (TAT) 

 

The group mean TAT, or the average TAT value from the 12 operators, was found to be 13.00 ± 

6.3 minutes for the novice session, and for the experienced session it was 6.08 ± 1.93 minutes. 

The difference in the TAT for the novice operators and experienced operators was statistically 

significant (t(107)=11.87, p<0.001). Figure 4.2 displays a line graph of the average total 

acquisition time (TAT) as a function of visit for each operator. A decline trend in the mean TAT 
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values can be observed from novice to experienced level. Figure 4.3 exhibits a box plot of the 

TAT as a function of visit. There was a greater median TAT value when the operators were 

novice (Median = 10.57 minutes) as compared to when the operators were experienced (Median 

= 5.89 minutes). Greater variability in TAT values can be observed in the novice session in 

comparison to the experienced session based on box size. The median line on the lower end of 

the box in the novice session indicates positively skewed data, whereby majority of the novice 

operators are achieving higher TAT values. However, the novice operators TAT values seem to 

become normalized relative to the experienced session. The scatter plot of the difference in TAT 

and the TAT at the novice session (Figure 4.4) shows a relatively strong correlation where the 

estimated R
2
 was found to be 0.92. The strong experience effect observed in TAT suggests that 

those operators who had higher TAT values in the novice session tended to have the greatest 

reduction in TAT values in the experienced session. In contrast, operators who had lower TAT 

values in the novice session tended to have less reduction in TAT values in the experienced 

session. Figure 4.5 shows a frequency distribution histogram for TAT by the novice and 

experienced operators. It can be observed that no experienced operator took greater than 15 

minutes to complete the entire scan protocol, whereas novice operators can be seen taking up to 

30 minutes to complete this task. Figure 4.6 shows a frequency distribution histogram for the 

difference in TAT by the novice and experienced operators. An exponential decline trend, with 

relatively strong correlation (R
2
=0.93), in the frequency can be observed with increasing 

difference in TAT. The majority of the difference in TAT was in 0-3 minutes, and the differences 

seem to plateau after this range. Overall, these results indicate that for more operators the 

changes in TAT were less.  
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Figure 4.2 Line graph of the average Total Acquisition Time for each individual operator as a 

function of visit, where visits 1 and 2 represent the novice and experienced sessions, 

respectively.  

 

  
Figure 4.3 Box plot of Total Acquisition Time for each individual operator as a function of visit, 

where visits 1 and 2 represent the novice and experienced sessions, respectively.  
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Figure 4.4 Scatter plot (with linear trend line) of the difference in Total Acquisition Time as a 

function of the Total Acquisition Time (Novice). The difference between two values was 

calculated as Novice minus Experienced value. 

 

 
Figure 4.5 Frequency distribution histogram for Total Acquisition Time. 
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Figure 4.6 Frequency distribution histogram (fitted using exponential trend line) for the 

difference in Total Acquisition Time. The difference between two values was calculated as 

Novice minus Experienced value. 

4.4.2 Number of Attempts 

 

The group mean number of attempts, or the average number of attempts value from the 12 

operators, required to acquire 6 scans was found to be 7.56 ± 1.87 attempts, and for the 

experienced session it was 6.19 ± 0.52 attempts. The difference in the total number of attempts 

required to acquire 6 scans for the novice operators and experienced operators was statistically 

significant (t(107)=7.77, p<0.001). Figure 4.7 displays a line graph of the average number of 

attempts as a function of visit for each operator. A decline trend in the mean number of attempts 

can be observed from novice to experienced level. The scatter plot of the change in the number 

of attempts and the number of attempts at the novice session (Figure 4.8) shows a relatively 

strong correlation where the estimated R
2
 was found to be 0.93. The strong experience effect 

observed in the number of attempts suggests that those operators who had higher number of 

attempts in the novice session tended to have the greatest decline in the number of attempts in 

the experienced session. In comparison, operators who had lower number of attempts in the 
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novice session tended to have less reduction in the number of attempts in the experienced 

session. Figure 4.9 shows a frequency distribution histogram for number of attempts by the 

novice and experienced operators. It can be observed that no experienced operator took greater 

than 9 attempts to complete the entire scan protocol, whereas novice operators can be seen taking 

up to 15 attempts to complete this task. Figure 4.10 shows a frequency distribution histogram for 

the difference in number of attempts by the novice and experienced operators. The majority of 

the difference in number of attempts was in 0-2 attempts, and the differences seem to plateau 

after this range. Overall, these results indicate that for more operators the changes in TAT were 

less.  

 
Figure 4.7 Line graph of the average number of attempts for each individual operator as a 

function of visit, where visits 1 and 2 represent the novice and experienced sessions, 

respectively.   



 35 

 
Figure 4.8 Scatter plot (with linear trend line) of the difference in Number of Attempts as a 

function of the Number of Attempts (Novice). The difference between two values was calculated 

as Novice minus Experienced value. 

 

 
Figure 4.9 Frequency distribution histogram for Number of Attempts. 
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Figure 4.10 Frequency distribution histogram (fitted using logarithmic trend line) for the 

difference in Number of Attempts. The difference between two values was calculated as Novice 

minus Experienced value. 

4.4.3 Number of Valid Images 

 

Out of a total of 648 images, 354 (54.63%) and 453 (69.91%) were determined to be valid using 

the DOCTORC software (Centre for Ophthalmic Optics and Lasers, CA, USA) for the novice 

and experienced sessions, respectively. The group mean number of valid images, or the average 

number of valid images value from the 12 operators, was found to be 3.28 ± 1.94 images for the 

novice session, and for the experienced session it was 4.19 ± 1.62 images. The difference in the 

number of valid images for the novice operators and experienced operators was statistically 

significant (t(107)=-4.14; p<0.001). Figure 4.11 displays a line graph of the average number of 

valid images as a function of visit for each operator. Although an upwards trend in the mean 

number of valid images can be observed from novice to experienced level for most operators, 

there were three operators who had collected lower quality images. Figure 4.12 shows a 

frequency distribution histogram for the number of valid images by the novice and experienced 

operators. It can be observed that majority of the experienced operators were achieving 5-6 valid 
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images, whereas there is a whole spectrum of range from 0-6 valid images for the novice 

operators. Figure 4.13 shows a frequency distribution histogram for the difference in number of 

valid images by the novice and experienced operators. It can be observed that majority of the 

operators either gained or lost a single valid image when going from novice to experienced level. 

Overall, more operators gained rather than lost in their difference in number of valid images. 

 
Figure 4.11 Line graph of the average number of valid images for each individual operator as a 

function of visit, where visits 1 and 2 represent the novice and experienced sessions, 

respectively.   
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Figure 4.12 Frequency distribution histogram for Number of Valid Images. 

 

 
Figure 4.13 Frequency distribution histogram for the difference in Number of Valid Images. The 

difference between two values was calculated as Experienced minus Novice value. 
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TAT and number of attempts for the novice operators and experienced operators was statistically 

significant (t(107)=9.97; p<0.001). The degrees of freedom have been calculated based on 12 

operators imaging 9 participants [(12 x 9) – 1 = 107]. The relationship between TAT and the 

number of attempts resulted in a downwards trend (Figure 4.14), which could suggest that the 

experienced operators were indeed getting faster per image. It is important to note that these 

results reflect operators who have no prior experience using OCT. An individual who is 

experienced in OCT, regardless of having ever used RTVue-100, would be at an advantage and 

might be expected to show less of a learning effect with faster image acquisition within the early 

training process. 

 
Figure 4.14 Line graph of the ratio of Total Acquisition Time and Number of Attempts as a 

function of visit, where visits 1 and 2 represent the novice and experienced sessions, 

respectively. 
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Based on Wang et al (2009), the amount of time it takes to acquire 6 scans (i.e. time from 

clicking the button to capturing the image) using the RTVue-100 can be estimated to be 3 

seconds or 0.05 minutes. Hence, it takes approximately 0.5 seconds per scan or 0.0083 minutes. 

Assuming that operators took an equal amount of time per acquisition (TAT/6 – 0.0083minutes), 

the group mean time to align a subject and focus a single image was found to be 2.16 ± 1.06 

minutes for the novice session, and for the experienced session it was 1.00 ± 0.32 minutes. The 

group mean time to align a subject and focus a single image for the novice operators and 

experienced operators was statistically significant (t(107)=11.85; p<0.001). Hence, a decrease in 

the average time to align a subject and focus a single image was observed from the novice to 

experienced session (Figure 4.15). Less variability around this mean for the experienced group 

was also observed.  

 
Figure 4.15 Line graph of the average time (with error bars) to align a subject and focus a single 

image as a function of visit, where visits 1 and 2 represent the novice and experienced sessions, 

respectively. 
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4.5 Conclusion 

 

Table 4.2 outlines the differences in image acquisition parameters by experience level. For all 

parameters, there were significant differences (p<0.001) in the means and standard deviations 

when comparing novice and experienced operators. Mean values for total acquisition time (TAT) 

and the number of attempts decreased, whereas the mean number of valid images increased from 

novice to experienced level. For each parameter, there was less variability around the 

experienced mean value compared to the novice mean value.  

 

 Experience Level 

Image Acquisition Parameter Novice Experienced 

Total Acquisition Time (min) 

Mean 

±SD 

 

13.00 

±6.30 

 

6.08 

±1.93 

p-value p<0.001 

Number of Attempts 

Mean 

±SD 

 

7.56 

±1.87 

 

6.19 

±0.52 

p-value p<0.001 

Number of Valid Images (DOCTORC) 

Mean 

±SD 

 

3.28 

±1.94 

 

4.19 

±1.62 

p-value p<0.001 

Table 4.2. Differences in Image Acquisition Parameters by Experience Level. Group mean ± SD 

values for the image acquisition parameters at novice and experienced sessions.  
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Chapter 5 

General Discussion 
 

The findings from this study confirm that there are learning effects observed within the image 

acquisition process using the RTVue-100. These results propose that the experience level of the 

operator has a statistically significant effect on the total acquisition time (TAT), number of 

attempts, and number of valid images. The effect of experience level on the image acquisition 

parameters suggests that through training operators can acquire images in significantly less time, 

with less number of attempts to complete the entire scan protocol, and with greater number of 

valid images.  

Although all operators had significant differences in their image acquisition parameter values 

when moving from novice to experienced level, the majority of these differences were small. 

With respect to the number of valid images, there were three operators who had collected lower 

quality images (Figure 4.11), which may suggest that the learning curve is different in each 

operator and that some may require more training than others in order to improve in their number 

of valid images. One study
(112)

 states that there may be a limit to the amount of improvement 

achieved through practice. It is possible that if an operator does not show training effects, 

perhaps their thresholds are already as low as they can be for that individual. Confounding 

variables involved in the image acquisition process were not measured. For example, an operator 

who is bored or careless would have an overall poor performance. The signal strength index 

(SSI) was also not measured as there is uncertainty about the accuracy of this parameter. SSI 

values of 0-30 cannot be used because these poorer (more noisy) images would not be of 

diagnostic value. There are no studies investigating the relationship between SSI and examiner’s 

experience in RTVue-100. One study indicated significantly larger macular and optic nerve head 

OCT measurements were obtained with increasing SSI measurements, although differences were 
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small and were of questionable clinical importance
(105)

. Comparing the Cirrus and Stratus OCTs, 

Moreno-Montanes
(62)

 state “signal strength is independent of the examiner’s experience in Cirrus 

but not in Stratus. RNFL measurements obtained by both examiners were more reproducible 

with Cirrus than with Stratus OCT”. Mesiwala et al (2012) propose that determining the location 

of the disc margin by automatic and manual methods is in high correlation, and thus automatic 

software should replace manually conducted techniques in clinics as it can make OCT imaging 

more proficient. Another study
(92)

 using Stratus OCT, indicated a high agreement of ONH 

measurements between automatic and manual assessment. The influence of learning effects on 

image acquisition may suggest the need for automatic software on the RTVue-100 to correct the 

variability among novice operators. 

Along with the decline in TAT and the number of attempts, a decrease is observed in the average 

time to align a subject and focus a single image. Thus, operators were improving in their time 

values for completing all aspects of the image acquisition process. Intuitively, one would 

speculate that if an operator had greater number of attempts that this would lead to that 

individual having a higher Total Acquisition Time (TAT). However, looking at the ratio of TAT 

and number of attempts as a function of visit (Figure 4.14), the Number of Attempts has a slight 

impact on TAT as the graph follows a steeper decline trend from novice to experienced session 

than that observed when TAT was plotted as a function of visit (Figure 4.2). These findings 

could have significant clinical implications, because it infers that with adequate training 

inexperienced operators are able to reproduce higher quality RTVue-100 SD-OCT 

measurements. These results could be crucial to RBF assessment in ocular diseases that cause 

vision loss. There is a close link between reduced retinal blood flow and visual field loss in 

glaucoma that is largely independent of structural loss
(106)

. Moreno-Montanes
(62)

 et al state 
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“Good reproducibility and low variability are required in the RNFL thickness measurements 

using OCTs to evaluate glaucoma progression. Some factors are involved in this variability such 

as the collaboration of the patients, the experience of the examiner, the pupil dilation, and 

variations in the signal strength”. When using RTVue-100, patient experience and age does not 

impact reproducibility of peripapillary RNFL thickness
(109)

. However, patient-related factors that 

could potentially influence the instrument’s signal-to-noise ratio include glaucoma severity and 

pupil size
(109)

. The exact association between operator experience and image acquisition using 

SD-OCT is yet to be determined. More understanding of this association is crucial because in a 

practical setting it is difficult to run an entire scan protocol for extended periods of time using a 

single operator
(62)

. To my knowledge, there are no published studies in Medline or ISI index 

comparing novice versus experienced image acquisition using the RTVue-100 SD-OCT. 

However, there is a preliminary study which has indicated that the use of automated machine 

learning classifiers in Stratus OCT image acquisition might be useful for enhancing the utility of 

this technology for detecting glaucomatous abnormality
(107)

.   

This study had certain limitations. The relatively small sample size should be considered when 

interpreting the results. However, the study sample provided 95% power according to the power 

computation. It is also important to note that the sampling in this study was very specific. The 

results cannot be generalized to all groups of students. For example, optometry students from 

another Canadian optometry school could be expected to have similar results. However, if 

students were sampled from a different discipline, such as social sciences, there may be less of 

an improvement as these students would have to first learn the basics of ocular anatomy in 

addition to how to operate an OCT. It is possible to train any individual to acquire images using 

OCT, however the amount of training required to achieve high quality images will vary among 
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different groups of individuals. One topic that remains to be explored is to determine whether 

image acquisition parameters influence RBF values using SD-OCT. 

In summary, through experience operators can acquire higher quality images with the RTVue-

100 SD-OCT in less time. Appropriate training programs should be developed to train clinicians 

in the use of the RTVue-100 to ensure efficient OCT image acquisition. 
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