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Chapter 1. Introduction to RTVue for Glaucoma Diagnosis 

David Huang, MD, PhD & Ou Tan, PhD 
 
  

1 Fourier-Domain and Time-Domain Optical Coherence Tomography  

The newer generation Fourier-domain optical coherence tomography (FD-OCT) technology 
offers tremendous advances over the traditional time-domain (TD) technology in terms of speed 
and resolution.  Traditional TD-OCT, when first introduced, was capable of capturing 100 axial 
scans per second. By 2002, TD-OCT was capable of capturing 400 axial scans per second.  In 
2006, the first FD-OCT retinal scanner, the RTVue, was introduced.  The RTVue is capable of 
capturing 26,000 axial scans per second (Figure 1), a 65-fold improvement. The RTVue also 
offers a 2-fold advance in resolution to 5 micron.  
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Figure 1.  The evolution of OCT.  The x axis is depth resolution and the y-axis is scan speed.  
The first commercial OCT device was launched in 1996 with a depth resolution of 16 microns 
and a scan speed of 100 A-scans per second.  The Stratus had improved resolution to 10 microns 
and a speed of 400 A-scans per second.  With Fourier-Domain OCT the RTVue has a depth 
resolution of 5 microns and a scan speed of 26,000 A-scans per second.   



  4

To explain the difference between Fourier-domain and time-domain technologies, we 
need to go back to the first principles.  Both OCT technologies are based on measuring the depth 
of tissue structures based on the time delays of light returning from various depths in the sample 
(e.g. the eye).  Because light travels very fast, it is not possible to electronically time the time-of-
flight of light with micron resolution.  Instead, OCT uses interferometry to measure optical 
delay.  A light source with a wide band of wavelengths is used because wide bandwidth 
corresponds to a short coherence length and high depth resolution.  Typically, a near-infrared 
superluminescent diode is used. The classic OCT system employs a fiber-optic Michelson 
interferometer.  Light is launched into an optical fiber.  A coupler splits the light into the sample 
and reference arms.  Reflections from the 2 arms are recombined and the interference is detected 
and digitized for computer analysis.  The reference mirror is rapidly scanned.  Interference is 
detected only when a sample reflection is delay-matched with the reference.  Each cycle of 
reference mirror movement produces an axial scan, or a-scan (Figure 2). 
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Figure 2.  A schematic of time-domain OCT.  A super luminescent diode provides the light 
source which is split into two paths by a beam splitter (2x2 coupler).  One arm goes to a moving 
reference mirror (reference path), and the second is directed into the eye (sample path).  Light is 
reflected from the mirror and the eye and the interference pattern created by combining them is 
detected by a detector.  As the reference mirror is moved closer and farther from the light source, 
a single A scan is created providing structural information in depth at a single location.  A mirror 
then moves the scan location in the eye and another A scan is generated.  Many A scans are 
captured and combined to create a B-scan.   
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To understand why Fourier-domain OCT is so much faster, we must analyze the 
limitations of the classic time-domain OCT.  In time-domain OCT, a mirror in the reference arm 
of the interferometer is moved to match the delay in various layers of the sample.  The resulting 
interference signal is processed to give the axial scan (a-scan) data.  The reference mirror must 
move one cycle for each axial scan.  The need for mechanical movement limits the speed of 
image acquisition. 

In Fourier-domain OCT, the reference mirror is kept stationary.  The interference 
between the sample and reference reflections is split into a spectrum and captured by a line 
camera.  The spectral interferogram is Fourier transformed to provide an A-scan.  The absence of 
moving parts allows the image to be acquired very rapidly (Figure 3).   
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Figure 3.  A schematic of Fourier-domain OCT.  As with time-domain OCT, a super 
luminescent diode provides the light source which is split into two paths by a beam splitter (2x2 
coupler).  One arm goes to a stationary reference mirror (reference path), and the second is 
directed into the eye (sample path).  Light is reflected from the mirror and the eye creating an 
interference pattern.  The signal is then split by a grating into various wavelength components.  
A Fourier transform is then applied and an entire A-scan is created.  Because the reference 
mirror is not moving, the process is much faster than with time-domain OCT.   

Reference Mirror 
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2 Optic Nerve Head and Nerve Fiber Layer Imaging 

2.1 Optic Nerve Head Scan Pattern  

Retinal nerve fiber layer (RNFL) thickness was the earliest but also the most powerful parameter 
for glaucoma diagnosis on TD-OCT.3-6 Optic nerve head (ONH) shape parameters were also 
found to be useful. Combination of RNFL thickness and ONH shape increased the diagnostic 
power of OCT than single parameter6. The ONH scan is a combination of circular scans for 
RNFL thickness analysis and radial scans for ONH shape analysis. Combining circular scans and 
radial scans into one single pattern ensures that the RNFL scan and ONH scan naturally share 
same center. The scan time is only 0.5 seconds to help minimize any effect of eye movement. 

Figure 4 shows the detail of ONH scan pattern. First, 13 circle lines, with diameters of 
1.3-4.9 mm, are scanned and used to create peripapillary nerve fiber thickness (ppNFL) map. 
The ONH scan also includes 12 radial lines with 3.7 mm length, which are used to calculate the 
disc margin and ONH shape parameters. All B-scans (lines) are centered at the optic disc.  

 

 

Figure 4.  The ONH scan pattern.  The white circles and radial lines are the location of the B-
scans that make up this scan pattern.  The 13 circular B scans range in diameter from 1.3 mm to 
4.9 mm.  The 12 radial B-scans are 3.7 mm in length.   
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2.2 Three Dimensional Disc Scan Pattern 

The three dimensional (3D) disc scan provides high definition OCT image both at horizontal and 
vertical direction for ONH. The 3D disc scan covers a default 5mm x 5mm square region and is 
adjustable. It contains 101 horizontal lines. The 3D disc scan contains a total of 51,813 A-scans 
and takes 2.2 seconds. The analysis includes B-scan fly through, 3D display, and en face 
summation of intensity in a retinal sub-layer or band. The 3D scan also creates a high definition 
OCT SLO projection as a baseline for registration of the ONH scan between multiple visits.  

 

Figure 5.  The 3-D Disc scan results.   The top left image is a reflectance image based on the 
intensity of the reflected light.  It is a summation of the entire A scan at each pixel and displayed 
as a top-down or enface view.  Below and to the right are individual B scans from the 3-D 
dataset.  The location of these B scans can be changed by the user and the location corresponds 
with the green horizontal and red vertical lines shown in the top left image.  The bottom right is 
the 3-D view which can be rotated and manipulated by the user.    
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2.3 Image Processing and Registration 

2.3.1 Boundary Detection 

The main purpose of image processing for the ONH scan is to measure the RNFL thickness and 
optic disc rim and cup. Three boundaries are important: optic disc surface contour, disc margin, 
and the NFL boundaries. On OCT images, the first wide bright band is considered as NFL. The 
RTVue use the optic disc surface contour as the inner NFL boundary. Below the NFL there may 
be two narrow and weaker  bands (less bright), the Inner plexiform layer (IPL) and the outer 
plexiform layer (OPL). Below them, the photoreceptor’s inner segment and outer segment 
(IS/OS) junction and retinal pigment epithelium (RPE) are the bright double layer at the bottom 
of the retina (Figure 6). On images from circle scans with smaller diameters or the middle of 
radial lines, the bright bands merge and the RPE disappears. The software can automatically 
locate this endpoint which is used to identify the center of the optic disc.  Sometimes an 
epiretinal membrane may be detected as the inner NFL boundary. In such case, a manual 
revision of the inner NFL may be necessary for comparing to NFL from normative database. 

 

 

Figure 6a and b. A circular B scan on top around the optic disc showing the location of the 
inner NFL boundary, the outer NFL boundary, and the photoreceptor inner segment outer 
segment (IS/OS) border.  Below is a radial line B scan passing through the optic disc showing 
the same three layers as they approach the disc.  Notice the IS/OS junction terminates as it 
touches the optic disc margin.    
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2.3.2 Optical Nerve Head Registration and Disc Margin 

Most OCT measurements are sensitive to the scan position, especially for retinas with significant 
asymmetry. It is necessary to compare the exact same location for progression analysis. In order 
to correct the position shift caused by eye movements or poor fixation, the RTVue has a 
registration function to match the scans to a baseline reference based on matching the blood 
vessel patterns.  

From the en face image of 3D disc, which is calculated from the summation of the 3D disc scan 
along the axial direction, there is a clear pattern caused by vessel shadowing. The pattern will not 
change with eye movement or fixation. RTVue also calculates the vessel pattern from the ONH 
scan and implements automatic registration between ONH scan and 3D disc scan (Figure 7).   

 

 

Figure 7. The enface view of the 3-D disc scan with the RNFL thickness map registered to it 
and superimposed in the figure.  Notice the prominent blood vessel pattern on the 3-D scan.  The 
blood vessel patterns are also detected on the ONH scan (not shown), and then registered 
together by matching the two vessel patterns.     

 

A special boundary for ONH measurement is the margin of the optic disc. The RTVue 
implements the detection based on detection of the ends of the RPE and choroid layers. Based on 
the en face image of 3D disc scan, the RTVue provides automatic disc margin detection (Figure 
8). The disc margin drawing and the 3D disc scan are considered as baseline. The ONH scan is 
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registered to the baseline 3D disc scan based on blood vessel alignment, and the disc margin 
drawing from the 3 D scan is applied to the ONH scan in order to calculate optic disc parameters.  
If a 3 D disc scan is not avaliable, an ONH scan is selected as baseline. RTVue can find 
RPE/Bruch’s membrane end tips on the radial image or video images and save them as baseline 
disc margin. The baseline disc margin is registered to the several end tips detected on the current 
ONH scan.  

 

 

Figure 8. The enface view of the 3-D disc scan with the optic disc margin outlined by the orange 
circle.  This disc margin detection is automatic, however the user can make adjustments as 
needed by dragging the points on the circle and moving them.  The same disc margin drawing is 
used in all scans in the progression analysis (not redone each time).   

2.4 Map Displays 

After the image processing, the ppNFL thickness is calculated according to the distance between 
Inner NFL and outer IPL. The ppNFL thickness map is displayed in the middle right in figure 9. 
According to the new center obtained from the disc margin, the ppNFL thickness along a 
recentered circle (the black line on ppNFL thickness map) was extracted as traditional RNFL 
thickness profile on a 3.45mm diameter circle. The RTVue provides a normative reference for 
the RNFL measurement (see chapter 2). Thickness measures with a probability value (p-value) 
based on the comparison to the normative database between 5% and 95% are colored green to 
indicate within normal limits.  Thickness measures with a p-value less than 5% are colored 
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yellow to indicate a borderline result.  Thickness measures with a p-value less than 1% are 
colored red to indicate an outside normal limits result. (bottom right of figure 9). 

 

 

Figure 9. The Optic Nerve Head (ONH) report for a single eye. The RNFL thickness map is 
shown on the bottom right, color coded where thicker RNFL values are brighter colors and 
thinner RNFL values are darker colors.   Inside the optic disc the cup area is shown in light grey, 
and the rim is shown in dark grey.  Surrounding the RNFL map are 16 sectors representing the 
RNFL thickness at each location.  These sectors are color-coded based on the comparison to the 
normative database.  Green represents within normal limits, yellow is a borderline or suspicious 
result, and red represents outside normal limits.  At the bottom right is the TSNIT graph, plotting 
the RNFL thickness profile going around the optic disc starting temporally and moving 
superiorly, nasally, inferiorly, and back to temporal again.  This thickness profile is shown as the 
black line superimposed on the normative database values, with normal being the green shaded 
area and outside normal the red area.  The RNFL and optic disc parameter table is on the left.   
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2.5 Diagnostic Parameters 

The RNFL thickness profile was divided into 16 sectors and the sector averages are displayed 
outside of ppNFL thickness map.  Similarly, significant loss (p<1%) was marked with red, 
border line (p<5%) with yellow, and normal range with green. The color index is consistent with 
the RNFL thickness profile analysis. The overall, hemisphere and quadrant RNFL averages are 
also displayed in parameter window, the left-bottom of the analysis page (Figure 9). 

The optic nerve head shape parameters are displayed in the parameter table on the left. 
The RTVue provides areas for disc, cup and rim; volumes for nerve head, cup and rim; cup/disc 
area ratio, cup/disc horizontal and vertical ratio. 

3 Mapping of Macular Ganglion Cell Complex 

3.1 GCC Scan Pattern 

Glaucoma damages the ganglion cells in the macula, causing retinal thinning.  This was first 
hypothesized and demonstrated by Ran Zeimer using the slit scanning retinal thickness 
analyzer9.  OCT macular thickness mapping in glaucoma was studied by several investigators 
and found to have less diagnostic power than measurement of circumpapillary nerve fiber layer 
thickness4-6.  

 

The diagnosis of glaucoma was improved by concentrating on the ganglion cell complex rather 
than the entire retinal thickness. It has been shown that glaucoma predominantly causes thinning 
of the nerve fiber, ganglion cell and inner plexiform layers, moderately affecting the inner 
nuclear layer and does not affect the outer layers10, 11.  In order to cover the peripheral areas most 
affected by glaucoma, the GCC scan pattern was specifically designed for glaucoma diagnosis 
(Figure 10). The GCC scan consists of 15 vertical line scans covering a 7mm square region. The 
GCC scan centers at 1mm temporal to fovea center for better coverage of the temporal region. 
The GCC scan also includes a horizontal line scan at the middle for registration of vertical scans 
and fovea center searching. In total, the GCC scan captures 15,000 data points within 0.6 
Seconds.  The OCT scans are processed automatically to provide a thickness map of the ganglion 
cell complex.  
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Figure 10. The GCC scan pattern superimposed on the video image.  The white lines represent 
the location of the B-scans in the scan pattern.  The fovea is marked with a blue dot.  

3.2  Image Processing  

3.2.1 Detection Three Layers for Ganglion Cell Complex 

Ganglion cell complex thickness is defined by the distance from internal limiting membrane 
(ILM) to outer inner plexiform layer IPL, which composes the inner 3 layers of the retina (NFL, 
ganglion cell layer (GCL) and inner plexiform layer). Each of these three layers is affected in 
glaucoma (Figure 11).  As the ganglion cell dies, the GCL becomes thinner.  The axon in the 
NFL that is part of that cell, also is lost causing thinning of the NFL.  The cell dendrites are 
located in the inner plexiform layer and when the cell dies the dendrites are lost and the IPL also 
thins.  The GCC scan quantifies the thickness in all 3 retina layers affected by glaucoma.  
Another advantage of the GCC scan analysis is that the macula contains 50% of all ganglion 
cells in the retina, however the NFL is very thin in the macula and is not present in the foveola 
because the cells are displaced to create the fovea pit.  In the perifoveal region the NFL is still 
very thin but the ganglion cell layer and IPL are thicker.  In this region the ganglion cells may be 
stacked 6 cells high.  The GCC scan allows ganglion cell integrity to be assessed in this region 
with the highest concentration of ganglion cells.  The NFL alone cannot be assessed in the 
perifoveal region because it is too thin.   
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Figure 11. The ganglion cell complex in a normal eye (top) and a glaucomatous eye (bottom).  
The white segmentation lines provide the ganglion cell complex inner and outer boundaries.  
Notice on the left side there is distinct thinning of the ganglion cell complex layer in the 
glaucoma eye.   

 

3.2.2 Interpolation of Map 

As the GCC scan only has 15 vertical lines evenly distributed over a 7mm region, some 
interpolation is required in the GCC thickness map.  For normal and glaucomatous eyes, usually 
both the ILM and outer IPL are smooth. Thus the interpolated map is still precise.  As the gaps 
between lines are equal for the whole macula, the precision is also equivalent at all locations.  

3.2.3 Map Recentration and Crop 

Although a fixation target is presented to the patient to help ensure proper placement of the scan 
pattern on the eye, some patients can have difficulty adequately fixating on all scans.  For low 
vision patients, it is even harder for them to fixate well. As a result, the GCC scan might be 
slightly off-center. In order to accurately compare the GCC scan results with a normative 
database, or to do progression analysis, the RTVue provides a function to automatically recenter 
the whole scan based on the local minima from the foveal pit.  The recentration is done both on 
the vertical direction and the horizontal direction. After the recentration, the RTVue software 
crops the outer 0.5mm to avoid regions with lower signal strength.   Thus only a 6mm GCC 
thickness map is used for calculation of diagnostic parameters.  
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3.3 Map Displays 

In addition to the GCC thickness map, two other maps are also calculated and displayed on the 
analysis page for the GCC scan. A deviation map is calculated based on comparing the thickness 
map to the normative databases (Figure 12). The percent deviation is displayed with a color map 
where dark colors mean loss. Secondly, the GCC thickness map is comparing to the normal 
database at each single point, and a new map is defined by comparing GCC thickness map to the 
normative database.  This map is called the significance map and it is a map of probability 
values.  Any point with thickness under 5% of the normal population is labeled as yellow and 
thickness under 1% is labeled as red. Otherwise it is labeled as green, which means above the 5% 
of normal population.  As with the statistical color coding for the ONH results, green indicates 
within normal limits, yellow is borderline, and red is outside normal. This map is called GCC 
significance map (Figure 13).  

 

Figure 12. The GCC report for a single eye.  The GCC thickness map is at the top and the 
deviation map is below.  The deviation map reflects the percent loss from normal (see scale), 
where darker colors represent greater loss.  The GCC parameter table is on the far left side of the 
report.   
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Figure 13. The GCC Significance map.  Green areas represent normal regions, yellow is 
borderline significant loss, and red areas represent significant loss.  The fovea is marked and a 
gray mask covers the area where the ganglion cell complex thickness is too thin to reliably 
evaluate.   

The GCC scan makes a 6mm map, which is corresponding to about 20 degrees on the 
visual field map. Specially, it is 10 degree for superior and inferior direction, 7 degree to nasal 
direction and 13 degree to temporal direction. If we project a GCC map on a visual field test, it 
will look like figure 14.  

 

 

Figure 14. The 24-2 visual field sensitivity values with the area covered by the GCC map circled 
in black.  It can be noticed the visual field mainly tests peripheral points while the GCC scan is a 
more central test.  A 10-2 visual field test would overlap more with the GCC scan and may 
correlate more strongly.   



  17

 

3.4 Diagnostic Parameters 

Based on the GCC thickness map, the RTVue provides overall thickness average, superior and 
inferior hemiretina average, and superior-inferior difference (S-I) for ganglion cell complex 
thickness (Figure 12). Based on the percent deviation map, two special pattern analysis 
parameters are provided. Global loss volume (GLV) is the integration of all negative deviation 
values normalized by the overall map area. Focal loss volume (FLV) is the integration of 
negative deviation values in the areas of significant focal loss12. All parameters are labeled with 
color to indicate if there is significant ganglion cell complex thickness loss (p<1%, red, p<5% 
yellow, p>5%, green) except S-I. All parameters were found to be sensitive for perimetric 
glaucoma diagnosis except S-I12.    

4 Summary 

The RTVue measures all 3 anatomic areas affected by glaucoma. The ppNFL map and 
recentration allows repeatable RNFL measurement for diagnosis and progression analysis of 
glaucoma. Registration of ONH scan and 3D disc scan ensures the comparisons of RNFL or 
ONH shape parameters will be on same location, which is helpful for progression analysis or 
deviation map calculation. The GCC scan provides new parameters for glaucoma diagnosis. The 
recentration of GCC map decreases the map area but increase its repeatability, which is 
important for deviation map calculation and progression analysis. 
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Chapter 2.  The Normative Database for the RTVue 

Software version 4.0 for US 

Rohit Varma, MD & Michael J. Sinai, PhD 

A normative database is useful to aid the clinician in the diagnosis of ocular pathologies.  It is 
a distribution of measured values from a group of normal, healthy individuals.  It is used to serve 
as a standard or comparison against which individual values (results) can be compared.  
Probability values (p-values) are assigned to an individual measure based on this comparison.  
This is done by determining where in the normal distribution an individual value falls, and 
assigning that measure the appropriate p-value (or percentile).  For example, if the patient’s 
measured value is exactly average (equal to the mean of the normal distribution), it would fall in 
the center of the distribution and the p-value associated with this measure would be 50%.  
Exactly half of the normals in the distribution would have values thicker and half would have 
values thinner.  If a given patient’s value was very thin compared to the normal, it may have a p-
value of 10%, which means 90% of normals would have a thicker value, and 10% of normals 
would have a thinner value.  The p-value reflects the relative location of a given measure to the 
normative database (i.e., percentile along the normal distribution).  If the p-value is very low, it 
indicates a higher likelihood of the presence of ocular pathology.  If the p-value is high, it 
indicates a high likelihood of the measured value being normal (no pathology).   

The p-value associated with a given measure is classified by the software as being ‘within 
normal limits’, ‘borderline’, or ‘outside normal limits’.  A given result is color-coded based on 
this classification where green indicates ‘within normal limits’, yellow indicates ‘borderline’, 
and red indicates ‘outside normal limits’.  For glaucoma, the goal is to detect significant thinning 
of the Retinal Nerve Fiber Layer (RNFL) or Ganglion Cell Complex (GCC).  Statistical 
convention is to define the normal cut-off as a p-value of 5%.  Results with a p-value greater 
than 5% are classified as ‘within normal limits’.  Results with a p-value below 5% are classified 
as ‘borderline’.  For a result with a p-value less than 1%, the classification changes to ‘outside 
normal limits’.  A result with a classification ‘outside normal limits’ means that fewer than 1% 
of all normals in the normative database have values that low (thin).  This means the likelihood 
of glaucoma in a patient with these results is higher than if the p-value were normal.  However a 
result of ‘outside normal limits’ does not mean the patient has definitive glaucoma, it is only a 
statistical comparison meant to help guide clinical decisions along with all other clinical 
information.     

  In many instances, the various measured values may be affected by certain variables such 
as age.  For example, it is known that as we age we lose retinal ganglion cells at a rate of about 
5,000 ganglion cells per year.  This caused the RNFL thickness to become thinner as part of the 
normal aging process.  Because many eye diseases are age related, it can be very helpful in the 
statistical comparison with the Normative database to know the relationship of a given variable 
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to the normal aging effects.  If this relationship can be known and quantified, comparisons to the 
normative database can be adjusted to account for the effects of aging using a simple linear 
regression equation.  This can be true for other variables as well such as ethnicity, signal 
strength, and optic disc size.  The effects of multiple variables can be taken into account 
simultaneously using a multi-variate linear regression equation.   

 The RTVue provides three scan patterns where the results are compared to a normative 
database.  For glaucoma there are two scan types, the Optic Nerve Head (ONH) scan, and the 
GCC scan.  The ONH scan provides RNFL thickness parameters including average RNFL 
thickness, and 16 sectors around the optic disc reflecting local RNFL thickness values at each 
sector.  There is also a TSNIT graph provided with the RNFL thickness profile from a fixed 
circle centered on the optic disc.  The TSNIT graph is superimposed on color shaded areas based 
on the normal range from the normative database.   The ONH scan also provides several optic 
disc parameters such as cup area, rim area, and several C/D ratio parameters.  The GCC scan is 
compared to the normative database and the results are displayed in two maps, the Deviation 
Map and the Significance Map.  These maps provide a pixel by pixel comparison of the 
measured result to the database.  The Significance Map gives the p-value classification at each 
data point (normal, borderline, or outside normal), and the Deviation Map gives the percent loss 
from normal at each location.  For retina pathology, there is a third scan pattern that utilizes the 
normative database called the EMM5.  This scan type also provides a pixel by pixel Significance 
Map as well as 9 parameters from a circular grid based on the ETDRS study (9-zone grid 
parameters).       

The RTVue Normative Database clinical data was collected at 10 clinical sites 
worldwide.  These sites were selected based on their expertise and experience in OCT imaging.   
There were a total of 555 eyes enrolled in the study with a mean age of 49.4 years and a range of 
18-82 years of age.  Ethnicities of the participants included Asian, Hispanic, Caucasian, and 
African American.  Strict enrollment criteria were followed to ensure all participants had healthy 
eyes based on a comprehensive clinical exam and testing.  The RTVue scans collected included 
the Optic Nerve Head (ONH) scan, the GCC scan, and the Enhanced Macula Map 5 (EMM5) 
scan.  A multi-variate linear regression model was used to describe the relationship between each 
parameter and possible covariates, including age, ethnicity, disc area and signal strength.  The 
model included all significant covariates and was used to adjust cut-off points based on 
probability values for labeling a given measure for a patient.   

The protocol outlined a rigorous procedure for data collection including stringent 
inclusion and exclusion criteria.  In brief, participants were eligible if they were over 18 years, 
free from known ocular pathology, had IOP below 22 mm Hg, and had a normal visual field test 
based on the Humphrey 24-2 white on white test.  The appearance of the optic disc was not used 
as an exclusion criterion because it could introduce bias in the database (potentially creating a so 
called ‘super-normal’ database).  The results were correlated with age and optic disc size for the 
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RNFL measures and because of the significant associations found for both, all measurements 
were corrected for the normal age and optic disc size effects.    

Results 

Table 1 provides the patient demographics including number of eyes enrolled, 
participant mean age and standard deviation and age range by ethnicity.  Four ethnic 
groups are included in the normative database: African American, Asian, Caucasian, and 
Hispanic.  Ethnicity was defined by self report. 

Ethnicity 
All 
Combined 

African 
Am. Caucasian Hispanic Asian 

n 555 103 204 99 149 

Mean 
Age 49.42 49.86 54.52 38.28 55.03 

sd 13.80 10.97 15.41 14.07 14.73 

Min Age 18 21 22 18 22 

Max Age 82 71 82 71 78 

Table 1.  Participant Demographics including ethnicity, age, and age range. 

RNFL Results 

 

Figure 1.  Average RNFL Thickness by Ethnicity 
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Ethnicity All Combined African Am. Caucasian Hispanic Asian 

Avg 106.95 106.80 102.69 112.64 105.66 

Sd 9.43 9.66 9.26 10.02 8.77 

Min 79.88 84.75 79.88 83.72 88.94 

Max 133.04 133.04 129.49 132.20 124.73 

Table 2.  Average RNFL Thickness by Ethnicity including standard deviation (sd), and range. 

 

Optic Disc Results 

 

Figure 4.  Optic Disc Size by Ethnicity 
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Ethnicity 
All 
Combined 

African 
Am. Caucasian Hispanic Asian 

Mean 1.99 2.15 1.82 2.06 1.92 

sd 0.37 0.39 0.38 0.34 0.36 

Min 1.1 1.45 1.1 1.15 1.33 

Max 3.66 3.11 3.66 2.98 2.83 

Table 4.  Optic Disc Size by Ethnicity including standard deviation (sd), and range. 

 

GCC Results 

Ethnicity All Combined African Am. Caucasian Hispanic Asian 

n 545 104 204 95 142 

Mean Age 49.63 50.00 54.70 38.60 55.20 

sd 13.90 11.10 15.50 14.30 14.70 

Min Age 18 21 22 18 22 

Max Age 82 71 82 71 78 

Table 5.  Participant demographics for the GCC Analysis. 
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 Figure 6.  Average GCC thickness by Ethnicity  

 

Ethnicity All Combined African Am. Caucasian Hispanic Asian 

avg 96.93 95.90 95.20 100.30 96.30 

sd 7.15 7.20 7.10 7.20 7.10 

min 77.40 82.90 77.40 83.80 80.00 

max 115.40 113.80 115.30 115.30 115.40 

Table 6.  GCC thickness by Ethnicity including standard deviation (sd), and range. 

 

Variability Assessment 

Between Subject Variability 

The coefficient of variation (COV) was evaluated for the major parameters in order to 
determine the magnitude of the variability in relation to the average values.  The coefficient of 
variation represents the ratio of the standard deviation to the mean, and it is a useful statistic for 
comparing the degree of variation from one data series to another, even if the means are 
drastically different from each other.  The COV is a standard method to compare variability 
across parameters with different mean values.  It is calculated by taking the standard deviation 
for a given measure divided by the mean.  In the imaging literature, Cov values less than 15% are 
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generally considered good.  Table 22 below provides the COV values for several key ONH, 
GCC, and retinal thickness parameters.  This is a measure of variability between individuals. 

  

COV 
All 
Combined 

African 
Am. Caucasian Hispanic Asian 

Avg 
RNFL 8.81 9.04 9.02 8.89 8.30 

Superior 
RNFL 11.68 11.03 12.10 11.77 11.84 

Inferior 
RNFL 10.49 10.80 10.86 10.71 9.58 

Temporal 
RNFL 12.73 13.19 13.24 11.88 12.66 

Nasal 
RNFL 14.77 15.79 14.97 14.60 13.66 

Avg GCC 7.38 7.51 7.46 7.18 7.37 

Superior 
GCC 7.63 7.83 7.48 7.61 7.62 

Inferior 
GCC 7.56 7.70 7.75 7.14 7.65 

Central 
retina 7.97 9.10 7.15 7.91 7.80 

Table 22.  Coefficient of variation for the major RTVue parameters.  Most values are 
under 10%, indicating excellent variability of these parameters in the database. 

Within Subject Variability 

 Another important question of variability is the amount of variability that can be 
expected on repeat scans on the same patients.  This is especially useful when a user is 
interested in the expected amount of variability on repeat scans.  This information can 
then be used when evaluating changes over time.  If the observed change is greater than 
the expected degree of variability, then it is possible the measured change is due to some 
disease process.  In order to estimate the expected variability on repeat scans, 44 eyes 
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from 22 subjects were tested.  For the EMM5 scan, the full retinal thickness values from 
the 9 zone grid were analyzed and for the ONH scan the 16 local RNFL thickness values 
around the optic disc were compared.  The standard deviation values at each location 
were calculated for each subject based on 3 repeat scans.  Then the standard deviation 
values were then averaged across subjects and the average sd values are shown in the 
tables below. 

 

EMM5 Center 
Para 
T 

Para 
S 

Para 
N 

Para 
I 

Peri 
T 

Peri 
S 

Peri 
N 

Peri 
I avg 

 3.17 1.96 2.31 1.82 1.40 2.78 2.83 2.39 1.82 2.27
 
The above table shows the average sd values at each location of the 9 zone grid.   
 

ONH TU1 TU2 ST2 ST1 SN1 SN2 NU2 NU1 NL1 NL2 IN2 IN1 IT1 IT2 TL2 TL1 avg
reg. 
on 5.8 4.7 5.5 6.6 5.6 5.3 7.0 4.3 2.9 6.0 6.2 4.6 4.8 4.6 2.9 3.9 5.0

 
   
 The above table shows the average sd values at each location of the 16 sector RNFL 
thickness values from the ONH scan.   
 
We can provide some clinical guidance to the user based on these repeatability 
measurements from the above tables.  A conservative expectation of repeat values can be 
based on the sd values calculated above.  If we assume the repeatability data follows a 
normal curve, then we can expect 95% of the repeat values to be within2 times the sd 
value at each location.  Below are tables showing 2 times the sd values at each location 
for both scan types.  This information will be provided to the user in the manual and 
brochures to help guide their clinical decisions. 
 

95% repeatability 
estimates        

EMM5 Center Para T Para S Para N Para I Peri T Peri S 
Peri 
N Peri I 

  6.345 3.9121 4.6186 3.6347 2.795 5.568 5.669 4.772 3.63
 
 

95% repeatability estimates             
ONH TU1 TU2 ST2 ST1 SN1 SN2 NU2 NU1 NL1 NL2 IN2 IN1 IT1 IT2 TL2 TL1
  11.6 9.44 10.9 13 11.1 11 14 8.63 5.7 12 12 9.2 9.6 9.3 5.7 7.8

 
If a measured change is greater than the 95% expected value of repeatability, then it is 

possible the change is biological in origin rather than due to normal variability.  We 
recommend taking a second follow-up as well to confirm the change is still present 
before making clinical decisions on progression.  Also, other factors can affect 
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variability.  The biggest factor that may increase variability is poor quality scans.  The 
SSI number should be above 45 to be considered adequate quality.  Lower values may 
result in worse repeatability.  Other factors that should be considered are the accuracy of 
the optic disc margin drawing and placement of the RPE/Choroid tips.  Both of these are 
automated in the 4.0 software, however if they are not accurate they can affect the results.  
Users should check the accuracy of both of these if there are large changes or suspicious 
results.    

 

Correlation with Covariates 

 

 

Figure 23.  Scatterplot of the correlation between age and average RNFL thickness.  A 
significant correlation was found (p < .05). 

 

 



  28

 

Figure 25.  Scatterplot of the correlation between optic disc area and average RNFL 
thickness.  The correlation was statistically significant (p < .05). 

 

 

 

Figure 26.  Scatterplot of the correlation between signal strength index (SSI) and average 
RNFL thickness.  The correlation was not statistically significant. 
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r value Superior Inferior Nasal Temporal

Age 0.19 0.23 0.17 0.15 

Disc 
Area 0.24 0.23 0.20 0.03 

Table 23.  The Pearson Product correlation coefficients (r values) for RNFL thickness by 
quadrant and age and disc area.  Significant correlations were found for age and inferior 

RNFL thickness and disc area and superior, inferior, and nasal RNFL thickness ( p < .05). 

 

 

 

Figure 27.  Scatterplot of the correlation between age and average GCC thickness.  The 
correlation was statistically significant (p < .05). 
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Figure 28.  Scatterplot of the correlation between age and central retinal thickness.  The 
correlation was not statistically significant. 

Statistical Model 

A multiple linear regression model was used to determine the relationship between each 
parameter and statistically significant covariates, including age, ethnicity, disc area (for ONH 
scans) and signal strength.  The model used a backwards significant elimination method to 
determine all significant covariants that contributed.  The significant variables in the final model 
included ethnicity, age, disc area (for ONH scans only), and signal strength.  The total variability 
accounted for by the model was 24.8% (R square value of model was 0.248).  The R square 
value of each contributing significant variable was: ethnicity had R square of 0.157, disc area 
had R square of 0.034, age had R square value of 0.036, signal strength had R square value of 
0.016, and the interaction term of ethnicity by signal strength had R square value of 0.005.  The 
final linear model was used to adjust cut-off points based on probability values.  The probability 
values are then used for labeling a given measure for a patient based on the normative database 
and the covariate adjustments.  If the probability value for any given measure was above 5%, the 
value was color-coded green and labeled as ‘Within Normal Limits’ (according to the 
comparison to the normative database).  If the probability value fell below 5%, the value was 
color-coded yellow and labeled as ‘Borderline’.  If the probability value fell below 1%, the value 
was color-coded red and labeled as ‘Outside Normal Limits’.   

Clinical Validation 

There have been many clinical studies on the RTVue that also demonstrate the diagnostic 
accuracy of the RTVue.  Grewal et al. (2008) showed that the RTVue RNFL thickness values 
could detect damage not only in the hemifield where the patient had glaucomatous visual field 
loss but also in the hemifield that still had no visual field loss.  This suggests that the RTVue 
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RNFL loss may be detecting structural damage before functional loss can be detected by 
standard automated visual fields.  Tan et al. (2009) found that RNFL thickness values were 
found to be more reproducible and more accurate at detecting glaucoma than Stratus RNFL 
values.  Chen, Sun, and Wang (2009) found that the average thicknesses of the ganglion cell 
complex and NFL were statistically significantly different comparing N and either GS or OAG 
eyes (P < 0.001). The ganglion cell complex thickness correlated well with NFL thickness 
[correlation coefficients for all eyes, N, GS and OAG eyes are 0.7646 (P<0.0001), 0.3968 
(P=0.0012), 0.8217 (P<0.0001) and 0.8141 (P<0.0001)]. Area under receiver operating curve 
(AROC) of GCC and NFL are 0.9982 (P< 0.0001) and 0.9770 (P< 0.0001).  Vizzeri et al. 2009 
found the RTVue could detect localized glaucomatous RNFL loss.   

In addition to RNFL validation studies, there are numerous studies on the GCC scan.  Takagi, 
Nose, Kita, and Tomita (2008) showed the GCC analysis significantly detected thinning in eyes 
with visual field defects in one hemisphere and significantly correlated with the severity of visual 
field loss.  Mori, Hangai, et al, (2008) showed the GCC analysis significantly differentiated 
normal from glaucoma and had an Area under the ROC of 0.91.  The GCC analysis also 
significantly correlated with visual field damage. Hirose et al. (2008) showed the GCC analysis 
significantly correlated with electrophysiology results in glaucoma patients.  This suggests the 
GCC thickness values accurately reflect the severity of structural damage in glaucoma patients.  
Schulze et al. (2009) found glaucoma patients had a statistically significant thinner GCC 
thickness compared to OHT and normal patients.  Takamatsu et al. (2009) also found the GCC 
was significantly thinner in G (78.90±14.88 μm) than the N (93.48±8.45 μm) eyes (p<0.001).  
Same for Seong et al. (2009) Average MIRL, RNFL1 and RNFL2 were significantly different 
between healthy and glaucomatous eyes (p<0.001, p<0.001, p<0.001). 

Gonzalez-Garcia et al. (2009) found that reproducibility of RTVue RNFL and optic disc 
measurements was excellent in both healthy eyes and glaucomatous eyes.  For average RNFL 
thickness, the intraclass correlation coefficients in healthy eyes and patient eyes were 0.97 
whereas for rim area they were 0.97 and 0.96, respectively.  Aliveva et al. (2008) This study 
found the RTVue RNFL and optic disc parameters are highly reproducible and comparable to the 
HRT in general.  Berisha et al. (2009) results show that RNFL thickness measurements obtained 
with the RTVue are highly reproducible.  Same for Bertuzzi et al. (2009).   

     Hoffmann et al. (2008) found that the RTVue RNFL values were more accurate at 
detecting glaucoma than the best HRT 3 parameter.  Bagnis et al. (2009) found a significant 
correlation (p < 0.01) was found between RGL thickness and functional parameters in both 
global and sectorial analysis; a significant correlation (p < 0.01) was also found between RGL 
thickness and the most part of HRT sterometric parameters in both global and sectorial analysis.  
Bowd et al. (2009) found PERG amplitude was most strongly associated with GCC thickness (R2 
= 0.23, p < 0.001) followed by RNFL thickness (R2 = 0.21, p < 0.001) and macular thickness (R2 
= 0.11, p = 0.007).  Kourkoutas et al. (2009) found A significant correlation was found between 
Flicker perimetry indices, HRT3 ONH measurements and RTVue parameters.  RTVue 
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parameters for both RNFL and GCC scans were significantly correlated with standard automated 
perimetry (Vajaranant et al. 2009). Gonzalez-Garcia et al. (2009) found the correlation between 
RTVue and Stratus measurements generally was good, especially for average RNFL thickness 
(healthy eyes and patient eyes, r(2) = 0.82 and 0.86, respectively) and rim volume (healthy eyes 
and patient eyes, r(2) = 0.78 and 0.76, respectively). 

 

Summary 

 The RTVue Fourier Domain OCT has new, expanded ethnic specific databases in 
software version 4.0.  Included in this software are 8 distinct databases to choose from including 
African Descended, Asian, Caucasian, Chinese, Hispanic, Indian, Japanese, and a combination of 
all ethnicities.  In total, 861 eyes are included in these databases.  Significant correlations were 
found for age and optic disc size as well as ethnicity.  Each database automatically adjusts the 
normative range and cut-offs to account for both age effects and optic disc size effects.  
Significant differences were found for the various ethnicities, even after accounting for the 
effects of age and optic disc size.  The normal range (variability) of the ethnic specific databases 
are smaller than the combined database with all individuals.  This suggests using the appropriate 
ethnic specific database will increase the diagnostic accuracy of the results.  At the time of 
publication, this new database is the largest of any OCT device. 
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Appendix A.  Data Collection Sites 

Ten clinical sites worldwide participated in the data collection, all following the approved 
protocol.  These sites were: 

US sites 

University of Alabama Birmingham, Birmingham Alabama 

University of Pittsburgh Medical School, Pittsburgh Pennsylvania 

University of Southern California, Los Angeles California 

New York Eye and Ear Infirmary, New York City, New York 

New York VA Hospital, St. Alban’s, St. Albans, New York 

Bascom Palmer Eye Institute, Palm Beach Gardens, Florida 

International sites 

Moorfields Eye hospital, London England 

Tokyo University, Tokyo Japan 

Osaka University, Osaka Japan 

Toho University, Tokyo Japan 
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Appendix B.  Detailed Parameter Results 

 

 

Figure 2.  RNFL Thickness by Quadrant and ethnicity 

  All Combined African Am. Caucasian Hispanic Asian 

Temporal 78.93 +/-10.05 74.21 +/- 9.79 
77.91 +/- 

10.32 80.33 +/- 9.54 
83.27 +/- 

10.54 

Superior 
131.27 +/-

15.33 
133.42 +/- 

14.72 
123.84 +/- 

14.99 
138.37 +/- 

16.29 
129.44 +/- 

15.32 

Nasal 78.69 +/-11.62 79.56 +/- 12.56 
76.50 +/- 

11.46 
84.81 +/- 

12.38 
73.90 +/- 

10.10 

Inferior 
138.90 +/-

14.57 
140.02 +/- 

15.12 
132.52 +/- 

14.39 
147.05 +/- 

15.75 
136.02 +/- 

13.04 
Table 3.  Average RNFL Thickness by quadrant with +/- standard deviations.   
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Figure 3.  RNFL Profile graph around the optic disc, beginning temporally, then superior, 
nasal, inferior, and temporal again.  RNFL profiles are plotted for each ethnicity.   

 

Figure 5.  Optic Disc parameters by Ethnicity 
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Figure 7.  GCC Parameters GLV and FLV by Ethnicity 

 

 

 

  
All 
Combined 

African 
Am. Caucasian Hispanic Asian 

GLV 
4.14 +/- 

3.61 
4.07 +/- 

3.47 
4.04 +/- 

3.79 
3.92 +/- 

3.72 
4.52 +/- 

3.43 

FLV 
0.66 +/- 

0.75 
0.64 +/- 

0.63 
0.71 +/- 

0.84 
0.49 +/- 

0.72 
0.82 +/- 

0.79 
 

Table 7.  GCC parameters by Ethnicity including mean +/- standard deviation 
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Macula Map Results 

 

Ethnicity All Combined African Am. Caucasian Hispanic Asian 

n 567 104 213 103 147 

Mean Age 49.78 50.30 54.50 39.10 55.20 

sd 14.00 11.20 15.60 14.50 14.70 

Min Age 18 21 22 18 22 

Max Age 82 71 82 71 78 

 

Table 19.  Participant demographics for the MM5 Analysis. 

 

 

 

Figure 22.  Central retinal thickness by Ethnicity 
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Central Retinal Thickness     

Ethnicity All Combined 
African 

Am. Caucasian Hispanic Asian 

avg 254.4 246.2 264.5 247.8 259.0 

sd 20.3 22.4 18.9 19.6 20.2 

min 201.4 201.4 217.4 206.4 206.9 

max 330.0 285.0 330.0 302.5 309.5 

 

Table 20.  Central Retinal Thickness by Ethnicity including standard deviation (sd), and range. 

 

Full 
retina 
thickness          

 Central Parafovea       Perifovea       

  Fovea Temp Sup Nas Inf Temp Sup Nas Inf 

All  253.12 310.52 323.85 326.10 319.77 283.74 291.88 307.54 281.94

Asian 259.00 317.76 328.19 332.72 324.70 287.72 292.20 311.16 285.93

Caucasian 264.51 312.71 324.05 327.47 320.89 280.12 288.46 302.78 279.30

Afr. Am. 246.20 305.44 317.56 319.54 312.91 279.38 284.53 300.00 277.85

Hispanic 247.76 309.42 322.67 324.68 320.37 285.08 298.35 310.39 282.83

 

Table 21.  Retinal Thickness values by location in 9 Zone ETDRS grid for each ethnicity 
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 Chapter 3.  The RTVue in Glaucomatous Eyes 

 

David S. Greenfield, MD  

& 
Jeffrey M. Liebmann, MD 

 

   

Glaucoma diagnosis is based on the assessment of structure and function of the optic nerve.  
Assessment of the optic nerve head (ONH) is performed clinically with biomicroscopy and/or 
ophthalmoscopy, and also using color photography, often with stereoscopic photographs.  These 
methods are useful for detecting cupping, rim thinning, disc hemorrhages, cup-disc asymmetry, 
and other indicators of possible glaucomatous optic neuropathy.  However this assessment is 
subjective and requires clinical expertise, and because of the wide range of normal anatomical 
variability, these indicators may not be accurate in detecting glaucoma.  Retinal nerve fiber layer 
(RNFL) assessment can also be performed with fundus photographs, particularly red-free 
photography, however there are limitations to this method as well including the subjective nature 
of the interpretation.  Visual field testing is also subjective and requires a response from the 
patient.  Furthermore, there is evidence suggesting that, in some patients, by the time there is a 
visual field defect on standard automated perimetry (ie, white-on-white), the disease is already in 
the moderate to advanced stage2-8.   Another important limitation of visual field testing is the 
large variability of the results.  For example, the Ocular Hypertensive Treatment Study found 
that 86% of glaucomatous defects detected with SAP were not replicated on repeat testing9, and 
66% were not replicated even after 2 consecutive abnormal results10. 

Posterior segment imaging devices can aid in the detection and management of glaucoma by 
providing quantitative and objective information about the integrity of the ONH and RNFL. 
Optical Coherence Tomography (OCT) is based upon the principles of interferometry to create 
retinal cross-sections.  Segmentation algorithms are then applied to the cross-sectional images to 
isolate various retinal layers such as the RNFL.  There are now two main types of OCT 
technologies, one using time domain methodology to create the images and a newer version 
called Fourier Domain (or Spectral Domain).  The main difference is that Fourier Domain OCT 
uses a spectrometer and a Fourier transform on the spectral information to create the cross 
sectional images.  This technique allows scan speed to be increased dramatically, with Fourier 
Domain OCT systems scanning about 65 times faster than the older Time domain systems.  This 
is important because Time Domain systems are very susceptible to eye-movement artifacts and 
the data sampling is very sparse and limited.  Combined with a broader-band light source, 
Fourier Domain OCT has an advantage in both scan acquisition speed and depth resolution.  This 
new high speed, high resolution OCT technology offers the potential for improved clinical utility 
over other technologies. 

 The RTVue is a Fourier Domain OCT device that provides quantitative measurements of 
the RNFL thickness, the ganglion cell complex thickness, and optic disc morphology.  The 
RNFL analysis provides global parameters such as average RNFL thickness, superior RNFL 
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thickness, and inferior RNFL thickness, as well as 16 local sector analyses around the optic disc 
in the parapapillary region.  These 16 sectors provide a more local assessment of the RNFL 
integrity.  The GCC scan provides assessment of the ganglion cell complex information in the 
macula region.  The GCC scan is an assessment of the three retinal layers associated with 
ganglion cells: namely the RNFL (made up of ganglion cell axons), the ganglion cell layer (made 
up of the ganglion cell bodies), and the inner-plexiform layer (made up of ganglion cell 
dendrites).  These three layers all are affected as the cell dies due to glaucomatous optic 
neuropathy.  This comprehensive assessment of the major structures affected by glaucoma has 
great potential for improving clinical care for glaucoma.  The following case studies illustrate 
how the RTVue provides clinically relevant information to help guide the clinician in the ability 
to detect glaucomatous optic neuropathy. 

 Results can be presented for both eyes on the same report.  The RNFL and optic disc 
report is shown in Figure 1 below.  The top of the report provides the patient’s demographic 
information including age, gender, race, clinic ID, and software version.  Below this is the RNFL 
thickness maps, color coded for thickness where hotter colors (reds and yellows) indicate 
relatively thicker regions and cooler colors (green and blue) represent relatively thinner regions.  
The color legend scale is shown beside the thickness map.  Surrounding the RNFL thickness map 
are 16 sectors with the average RNFL thickness at each sector displayed and color coded based 
on the comparison to the normative database.  The color coding of these sectors reflects the 
probability that the sector falls within or outside the normal range determined by the normative 
database.  All comparisons are adjusted for known effects of age, optic disc size, and ethnicity.  
If the sector value falls within the normal range (probability value is within 5% - 95%), it is 
colored green to indicate the classification, “Within Normal Limits”.  If the sector value falls 
below the normal range (probability value is less than 5% but greater than 1%), it is colored 
yellow to indicate the classification, “Borderline”.  If the sector value falls outside the normal 
range (probability value is less than 1%), it is colored red to reflect the classification, “Outside 
Normal Limits”.  Below the RNFL thickness map is the exam date and SSI number.  The SSI 
number reflects the scan’s quality, the higher the number the better quality.  SSI numbers should 
be 50 or higher to indicate good quality scans.  Scans with SSI numbers well below 50 should be 
retaken.  In the middle of the report are the summary parameter tables for both the RNFL and 
Optic Disc.  These summary parameters are color coded based on comparisons to the normative 
database.  The size of the optic disc is also provided.  In this patient all parameters are colored 
green indicating the patient is likely normal.  At the bottom of the report are the TSNIT graphs.  
These show the RNFL thickness profile moving around the optic disc, starting Temporally and 
moving Superiorly, Nasally, Inferiorly, and back Temporally again (TSNIT).  The RNFL 
thickness line is shown in black superimposed on the shaded color areas from the normative 
database where green represent the normal range (p-value 5%-95%), yellow is borderline (p-
value < 5%), and red is outside normal (p-value < 1%).  The middle TSNIT graph shows the 
results from both eyes plotted together.  Any statistically significant asymmetry between the two 
eyes is shown in color between the two lines on the plots.   
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Figure 1.  The Symmetry report for the Optic Nerve Head (ONH) scan pattern.  See text for a 
description. 

 

 The GCC scan report for both eyes is shown in Figure 2.  As with the ONH OU report, 
the top of the GCC OU report contains the patient’s demographic information.  At the top of the 
report is the GCC Thickness map.  This map is color coded where hotter colors (yellow and red) 
reflect thicker regions and cooler colors (green and blue) represent thinner regions.  In the fovea 
there are no ganglion cells as they are displaced laterally and so this area is black indicating no 
GCC thickness at this location.  Notice the fovea location is not in the center of the scan pattern, 
the center of the scan is actually 1 mm temporal to the foveal center.  This is done intentionally 
in order to assess the temporal retina preferentially in order to best correlate with visual field 
results where the most commonly affected visual field location of glaucomatous damage is in the 
nasal field (temporal retina location corresponds with nasal visual field).  In the middle of the 
GCC report is the Deviation Map.  This map represents the percent GCC loss from normal 
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according to comparing the thickness map to the normative database.  The values thus reflect 
deviation from normal in percentage values.  If there is no deviation from normal, the value 
would be 0% and the pixel would be colored green according to the deviation scale in the center 
of the report (green for Deviation Map is 0% GCC loss).  Blue and black colors on the Deviation 
Map reflect substantial GCC loss of 20-50%.  Because there are no ganglion cells in the fovea, 
the fovea is masked out in gray (1.5 mm mask).  The Significance Map is at the bottom of the 
report.  This is a probability-based map where the pixels are color-coded based on the thickness 
comparisons to the normative database.  Green indicates the GCC thickness at that location is 
normal (p-value greater than 5%), yellow indicates the GCC thickness at that location is 
borderline (p-value less than 5% but greater than 1%), and red indicates the GCC thickness at 
that location is outside normal limits (p-value is less than 1%).  There is also a summary 
parameter table in the bottom center of the report.  These parameters are color-coded based on 
the comparison to the normative database also and in this case they are all red indicating 
‘Outside Normal Limits’.   

 

Figure 2.  The Symmetry report for the GCC scan pattern.  See text for a description. 
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Case 1. Advanced glaucoma 

 

Patient Background 

 

• 73 year-old white male  
• POAG S/P Trabeculectomy with MMC OD 
• No family history of glaucoma 
• Treatment: Travoprost QD OU  
• VA 20/20 OU 
• IOP 11 mmHg OU 
• CCT 448OD, 465 OS 

 

Optic Disc Photos 

 

 

 

Figure 3.  Optic disc photos of the right eye (left) and left eye (right).  Notice the rim thinning 
superiorly and inferiorly in both eyes.  There is also peripapillary atrophy (PPA) in the right eye.   

 

 

 



  46

Visual Fields 

 

 

Figure 4.  Humphrey Field Analyzer (HFA) 24-2 achromatic results.  Both eyes show significant 
field loss, the MD for the right eye is -11.16 and -9.88 for the left eye.  The glaucoma hemifield 
test (GHT) is outside normal limits for both eyes and the GPA shows progression likely in the 
superior hemifield in the right eye and no progression in the left eye.  The damage in the right 
eye covers both superior and inferior hemifields while being mainly restricted to the inferior 
hemifield in the left eye. 
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RTVue OCT results: 3-D Optic Disc scans 

 

 

 

Figure 5.  3-D Optic Disc scans for the right eye (left) and left eye (right).  Notice the rim 
thinning superiorly and inferiorly in both eyes.  There is also some peripapillary atrophy in the 
right eye.  The enface view is on the top left, notice the PPA can clearly be visualized around the 
disc.  The 3-D view is on the bottom right and is interactive within the RTVue software.  The 
cross sectional B scans show the depth and magnitude of cupping. 
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RTVue OCT results: Optic Nerve Head (ONH) scans 

 

 

Figure 6.  The ONH results for both eyes.  In this patient, notice there is substantial significant 
RNFL loss over most sectors in both eyes.  In addition to the significant superior and inferior 
RNFL loss (red sectors at both locations in both eyes), there is also significant temporal RNFL 
loss.  RNFL thickness loss in the papillomacular bundle is generally indicative of advanced 
glaucomatous damage as this area is often spared until late in the disease process.  In the center 
of the RNFL thickness maps is the optic disc with the cup area shown in light gray and the 
neuro-retinal rim shown in dark gray.  In this case there is extensive cupping and very little rim 
tissue left in either eye.  In this patient there is some significant asymmetric damage in the 
inferior temporal region where the right eye is significantly thinner than the left eye. 
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RTVue OCT results: GCC scans 

 

Figure 7.  The GCC scan results for both eyes.  The Deviation Map has large 
areas of black indicating 50% or more loss of ganglion cell complex thickness compared 
to normal.  The Significance Maps are mostly red indicating highly significant ganglion 
cell loss.  The damage is very extensive and advanced.   

 

Case 1 Summary 

This patient is a 73 year old white male with moderate to advanced glaucoma.  The optic 
disc photographs indicate cupping and diffuse neuroretinal rim thinning in both eyes.  
The visual field results show significant vision loss in both eyes.  For the right eye the 
loss covers both hemifields while for the left eye the damage is mainly confined to the 
inferior hemifield.  Optic disc assessment with the RTVue reveals significant cupping in 
both eyes and the optic disc parameters are significantly abnormal in the right eye 
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(parameters colored red), and borderline in the left eye (parameters are yellow).  The 
RNFL thickness values are abnormal in both eyes.  The RNFL thickness map and sector 
analysis reveals significant RNFL loss superiorly, inferiorly, and temporally in both eyes.  
The GCC scan results also show extensive loss in both eyes both superiorly and 
inferiorly.  In conclusion, this patient has advanced structural damage to the optic disc, 
RNFL thickness, and ganglion cell complex thickness.  
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Case 2.  Moderate Glaucoma 

 

Patient Background 

 

• 66 year-old white female 
• CACG S/P LI OU 
• Positive family history of glaucoma 
• Treatment: Fixed-combination timolol-dorzolamide BID OU and bimetaprost qhs 

OU  
• IOP 15 mmHg OU 
• CCT 555 OD 554 OS 
• VA 20/20 OU      

 

Optic Disc Photos 

 

   

 

Figure 8.  Optic disc photos for the right eye (left) and left eye (right).  Notice a vertically 
elongated cup in both eyes and PPA. 
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Visual Field Results 

  

Figure 9.  There is a superior nasal step in the right eye.  The GHT is outside normal limits and 
the MD is -2.70 with a p-value of < 2%.  The left eye has a few inferior test locations that are 
abnormal and the GHT is also outside normal limits and the MD is -0.55.  The damage in both 
eyes is consistent with early glaucomatous visual field loss, with the right eye worse than the left 
eye. 
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RTVue OCT results: 3-D Optic disc results 

 

  

 

Figure 10.  The 3-D Optic Disc scans show slightly tilted discs with the left eye more tilted than 
the right.  There is also a sclera crescent in both eyes, consistent with myopia.  There is moderate 
cupping that can be appreciated on the cross-sectional B scans. 
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RTVue OCT results: ONH Scan Results 

 

 

 

Figure 11.  The ONH results show significant RNFL thinning inferiorly on the right eye (notice 3 
consecutive red sectors) and some borderline results superiorly (yellow sectors).  In the left eye, 
there are some significant superior and inferior sectors (red), although the damage is less 
extensive compared to the right eye.  The degree of cupping (light gray area inside optic disc) is 
worse in the right eye.  The Optic Disc parameters in the table in the middle of the report are all 
outside normal in the right eye (red) and within normal for the left eye (green).  The RNFL 
parameter table shows all summary parameters in red indicating significant damage in both eyes 
based on the global RNFL averages.  The TSNIT plot for the right eye shows a dip into the 
borderline region superiorly and a dip into the outside normal region (red area) inferiorly. There 
is no significant asymmetry between the two eyes. 
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RTVue OCT results: GCC Scan Results 

 

 

 

Figure 12.  The GCC scan results show large areas in both eyes where the Deviation Map is in 
dark blue and black, indicating extensive significant damage where 30-50% of ganglion cell 
complex thickness has been lost compared to normal.  The Significance Maps reveal large areas 
of significant atrophy in both eyes.  The damage is almost completely covering the inferior 
portion in the right eye, and also extends some superiorly.  The left eye Significance Map shows 
large red areas both superiorly and inferiorly.  The summary parameter table shows all 
parameters are in red, indicating significant loss from normal. 
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Case 2 Summary 

This is an early glaucoma patient based on the visual field results.  The visual field in the right 
eye had an MD of -2.7 and damage confined mainly to the superior hemifield.  This damage is in 
agreement with the large inferior RNFL loss in the right eye.  In addition, the GCC Significance 
Map for the right eye also shows a mainly inferior defect, although there is some superior loss as 
well.  For the left eye, the visual field damage is relatively minor with only a few inferior points 
that are detected as abnormal.   In contrast, the RNFL thickness analysis shows a red sector both 
superiorly and inferiorly indicating early RNFL loss.  Furthermore, the GCC scan results for the 
left eye shows a large amount of significant ganglion cell complex thinning both superiorly and 
inferiorly. This case illustrates more extensive structural loss (RNFL and GCC) compared with 
functional loss in the left eye. 
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Case 3.  Early Glaucoma 

• 78 year-old white female 
• No family history of glaucoma 
• Treatment: Latanoprost qhs OU 
• IOP 14 mmHg OU 
• CCT: 530 OD, 543 OS 
• VA: 20/20 OU 

 

Optic Disc Photos 

 

 

 

Figure 13.  Optic disc photos of the right eye (left) and left eye (right).  There is increased 
cupping in the right eye compared with the left eye, and there is superior rim thinning in the right 
eye. 
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Visual Field Results 

 

 

Figure 14.  The visual fields are normal in both eyes.  The GHT is within normal limits OU.  The 
Glaucoma Progression Analysis (GPA) shows a stable result over time.   
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RTVue OCT results: ONH Scan results 

 

 

 

Figure 15.  The RNFL thickness maps show significant RNFL thinning in the superior region of 
both eyes.  Notice the red sectors superiorly in both eyes, and several adjacent borderline sectors 
in the right eye. The RNFL parameter table shows a borderline superior average RNFL thickness 
in the right eye.  For the left eye, the average RNFL thickness parameter is borderline and the 
superior average RNFL thickness is outside normal.  The TSNIT graphs at the bottom show a dip 
in the superior region into the red area in both eyes, with the left eye being worse.  There is no 
substantial asymmetry between the eyes.  This result is consistent with early, focal loss in both 
eyes. 

   

 



  60

RTVue OCT results: GCC Scan Results 

 

 

 

Figure 16.  The Significance Map reveals an area of significant ganglion cell complex thinning 
(red area) in the superior region of both eyes. Significant atrophy larger than the fovea mask (1.5 
mm circle) is generally considered to be relevant.  In this case, the area of damage coincides with 
a superior RNFL defect in both eyes, so there is good concordance in the location of the damage 
detected by the RNFL analysis and the GCC scan analysis.       
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Case 3 Summary 

In this case the optic disc photographs suggest some possible rim thinning in the superior section 
of the right eye.  The visual fields are completely normal.  The RNFL results detected a focal 
superior defect in both eyes.  This was confirmed by the superior defect detected in the GCC 
analysis.  The structural damage detected in the RNFL and GCC scans is strongly suggestive of 
early glaucomatous loss.  The patient was initiated on IOP lowering medication and is being 
closely monitored for progression as a result.    
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Case 4.  Glaucoma Suspect 

• 49 year-old white male 
• Ocular hypertension  
• No family history of glaucoma 
• Treatment: none 
• IOP: 24 mmHg OD 28 mmHg OS 
• CCT: 561 OD 557 OS 
• VA: 20/20 OU 
 

Optic Disc Photos 

 

 

Figure 17.  The optic disc photographs look normal in both eyes.  The neuroretinal rim is normal 
and follows the ISNT rule in both eyes (rim area is thickest inferiorly followed by superiorly, 
nasally and temporally). 
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Visual Field Results 

 

 

Figure 18.  The visual field is completely normal in both eyes.  The GPA analysis shows no 
change over time. 
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RTVue OCT results: 3-D Optic Disc scans 

 

 

 

Figure 19.  The 3-D results show fairly deep cups in both eyes.  Notice the large dip in the cross-
sectional B scans. 
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RTVue OCT results: ONH Scan Results 

 

 

 

Figure 20.  The ONH scans are unremarkable.  On the RNFL thickness map, there is 1 inferior-
temporal sector in both eyes of borderline significance (yellow). The two parameters flagged in 
the left eye as borderline are also suspicious.  The optic disc parameters and the TSNIT graph 
appear normal, although the black line does approach the yellow and red areas on the TSNIT 
graph in the superior and inferior regions of both eyes.  
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RTVue OCT results: GCC Scan Results 

 

 

Figure 21. The Significance Map shows several areas with suspicious or borderline results 
(yellow areas), and several smaller areas that are abnormal (red).  When interpreting the GCC 
Significance Map, you are generally looking for an abnormal defect (red) that is larger than the 
foveal mask (1.5 mm circle).  In this patient, the abnormal areas do not exceed this size, making 
these results borderline or suspicious of possible early damage.   

Case 4. Summary  

This patient is a fairly young ocular hypertensive with no family history of glaucoma.  The 
acuity is good and his central corneal thickness is above average.  This patient is at moderate risk 
for developing glaucoma based upon the elevated IOP, central corneal thickness, and borderline 
changes in RNFL. These results warrant monitoring.  
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Chapter Summary 

The RTVue provides a comprehensive assessment of retinal structures affected by glaucomatous 
damage including the optic disc, RNFL, and GCC.  An RNFL normative database exists that is 
adjusted for age, optic disc size, and ethnicity. It is important to note that clinical decisions 
should not be made based upon the results of a single test or a single parameter. RTVue imaging 
of the optic disc and RNFL facilitates glaucoma diagnosis and monitoring. The clinician who 
successfully integrates imaging in practice complements their clinical evaluation with adjunctive 
diagnostic testing.
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Chapter 4. The RTVue in Normal Tension Glaucoma 

Makoto Araie, MD, PhD and Goji Tomita, MD, PhD,  

 

1. Introduction 
 Normal-tension glaucoma (NTG) is recognized as a subset of primary open-angle glaucoma 
(POAG), in which typical glaucomatous optic nerve head damage and visual field defects occur 
in the apparent absence of abnormally elevated intraocular pressure (IOP). In contrast to high 
pressure glaucoma, NTG patients tend to have recurrent optic disc hemorrhages 1-5, peripapillary 
atrophy is common, as is focal notching of the optic nerve 6,7, and they often appear to progress 
slowly 8.  

 In the Tajimi study conducted in Japan, the prevalence of definitive POAG was as high as 3.9%, 
and 92% of the POAG patients diagnosed had IOP lower than 22 mmHg at the screening. The 
population studied in Tajimi is unique in that the average IOP in POAG patients was around 15 
mmHg and the majority of the patients diagnosed had normal IOP 9. When the risk factors for 
POAG in the study were analyzed, although IOP was still identified as a significant risk factor, 
myopia and age were also significant risk factors for having POAG 10. Thus, at least in Japanese, 
myopia is a significant risk factor for NTG, and detecting normal-pressure myopic eyes with 
glaucoma as early as possible is an urgent subject to be solved. 
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Case 1 (T.Y.). 

Patient history: 
 Age: 40 years old 

 Female 

 Japanese 

 No family history of glaucoma 

 No significant medical history 

 24-h IOP without medication:  

OD: 10 – 16mmHg 

OS: 10 – 14mmHg 

 CCT: 514um OD, 535um OS 

 Best corrected VA: 20/25 OD, 20/25 OS 

 Refractive error (spherical equivalent): - 8.5 diopter OD, - 7.5 diopter OS 

Optic disc appearance:  

  OD: a myopic shaped tilted disc with temporal conus. Inferior rim atrophy and a broad nerve 
fiber layer defect corresponding to the rim atrophy can be seen with cup-to-disc ratio 0.6 
(horizontal) x 0.7 (vertical). 

  OS: a myopic shaped tilted disc with temporal conus. Inferior rim notching and a faint nerve 
fiber bundle defect can be seen with cup-to-disc ratio 0.6 (hor) and 0.6 (vert). 

 

Figure 1.  Fundus photographs for case 1.  Notice the vertically elongated cups in both eyes with 
inferior rim thinning.  Also notice the large inferior-temporal RNFL defect OD, and a smaller 
RNFL defect in the same location OS. 
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Visual field:  

  OD: Humphrey visual filed with program SITA 30-2 revealed an abnormal visual field by GHT 
with MD –12.4 dB and PSD 11.72 dB. 

  OS: Humphrey visual filed with program SITA 30-2 revealed an abnormal visual field by GHT 
with MD –2.71 dB and PSD 2.56 dB. 

 

Figure 2.  Visual Field results for achromatic perimetry (HFA 30-2 test).  For the right eye (top), 
a large superior arcuate defect can be seen.  The GHT was outside normal and the MD was -12.4, 
p < 0.5%.  For the left eye (bottom), a nasal step is present and the GHT was also outside normal 
with an MD of -2.71, p < 5%.   
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ONH RTVue scan:  

  OD: Nerve fiber layer thinning of outside normal limits was detected in the inferior-temporal 
and superior-temporal portions. 

  OS: Nerve fiber layer thinning of outside normal limits was detected in the inferior-temporal 
and superior-temporal portions. 

 

Figure 3.  The RNFL analysis reveals significant loss both in the superior-temporal region and 
the inferior-temporal region.  This is apparent by the red sectors indicating outside normal limits.  
The TSNIT graph at the bottom also shows a dip into the red region both superiorly and 
inferiorly. 
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Figure 4.  The RNFL analysis reveals significant loss both in the superior and the inferior 
regions.  The TSNIT graph at the bottom also shows a dip into the red region both superiorly and 
inferiorly. 
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GCC scan:  

  OD: Abnormal thinning of ganglion cell complex corresponding to visual field defects was 
detected. 

  OS: Abnormal thinning of ganglion cell complex corresponding to visual field defects was 
detected. 

 

Figure 5.  The GCC scan analysis reveals significant loss mainly in the inferior regions.  Notice 
the Deviation Map shows large areas in black in the inferior region.  This means 50% or more of 
the ganglion cell complex thickness has been lost in this area, compared to the normative 
database.  The average inferior ganglion cell complex thickness parameter is in red also 
indicating significant loss in the inferior region. 
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Figure 6.  The GCC scan analysis reveals some significant loss in the inferior region.  The 
Deviation Map shows an area in black in the inferior region.  This means 50% or more of the 
ganglion cell complex thickness has been lost in this area, compared to the normative database.  
The average inferior ganglion cell complex thickness parameter is in red also indicating 
significant loss in the inferior region. 

 

Case Summary: 

 This is a case of glaucoma patient with low IOP (less than 16 mmHg) and high myopia. 
Although the stage of glaucoma in the left eye is very early, RTVue was able to detect the early 
damage accurately.  The correspondence between the damage shown on the fundus photographs, 
the visual field loss, and the structural assessment was very good.  The RTVue picked up inferior 
damage to the RNFL and ganglion cell complex in both eyes corresponding with the superior 
field loss.  There was also RNFL loss and some ganglion cell complex loss in the right eye 
superiorly as well, corresponding with the milder inferior field loss in that eye. 
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Case 2 (M.K.). 

Patient history: 
 Age: 40 years old 

 Female 

 Japanese 

 No family history of glaucoma 

 No significant medical history 

 IOP without medication:  

OD: 12 - 14mmHg 

OS: 14 - 16mmHg 

 CCT: no measurements 

 Best corrected VA: 20/25 OD, 20/25 OS 

 Refractive error (spherical equivalent): - 6.75 diopter OD, - 6.5 dioper OS 

 

Optic disc appearance:  

  OD: a myopic shaped tilted disc with temporal conus. No definite neuroretinal rim thinning, 
nerve fiber layer defects, or enlarged cupping was observed.  

  OS: a myopic shaped tilted disc with temporal conus. Inferior rim atrophy with disc 
hemorrhage and nerve fiber defects can be seen with cup-to-disc ratio 0.6 (hor) and 0.7 (vert). 

 

Figure 7. Fundus photographs for the right eye (left, and left eye (right).  Both have a myopic 
shaped tilted disc with temporal conus. The right eye appears normal (no glaucomatous optic 
neuropathy, while the left eye has some inferior rim atrophy with disc hemorrhage and nerve 
fiber defects can be seen. 
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Visual field:  

  OD: Humphrey visual filed with program SITA 30-2 revealed no definite abnormalities with 
MD +0.87 dB and PSD 1.59 dB. 

  OS: Humphrey visual filed with program SITA 30-2 revealed an abnormal visual field by GHT 
with MD –3.76 dB and PSD 7.76 dB. 

 

Figure 7. The visual field test results with standard automated perimetry.  The right eye (top) is 
normal.  The left eye (bottom) has a large superior hemifield defect and a GHT Outside normal.  
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ONH RTVue scan:  

  OD: A borderline nerve fiber layer thinning was detected in the SN2 area, which does not seem 
to be any significant glaucomatous damage so far. 

  OS: Nerve fiber layer thinning of outside normal limits was detected in the inferior-temporal 
areas. 

 

Figure 8. The ONH scan results for the right eye reveal several sectors in the nasal side that are 
borderline (suspicious), but no significant damage is present.  
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Figure 9.  The ONH scan results for the left eye also show some borderline nasal sectors, 
however there is significant RNFL loss in the inferior-temporal region.  Notice also in the TSNIT 
graph the black line dips into the red region in the inferior RNFL bundle.   
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GCC scan:  

  OD: Abnormal thinning of ganglion cell complex corresponding to visual field defects was 
detected. 

  OS: Abnormal thinning of ganglion cell complex corresponding to visual field defects was 
detected. 

 

Figure 10.  GCC scan analysis for the right eye is normal.  Notice the Deviation Map has no 
areas in black which indicate significant loss.  The GCC scan average thickness parameters are 
green indicating they are within normal limits. 
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Figure 11.  GCC scan analysis for the left eye shows a large inferior defect.  Notice the Deviation 
Map has a large black area inferior to the fovea.  Black on the Deviation Map indicates 50% 
ganglion cell complex loss or greater compared to normal and is indicative of clinically 
significant loss.  The GCC scan inferior average thickness parameter is red indicating it is 
outside normal limits. 

Case Summary: 

 This is a case of glaucoma patient with low IOP (less than 16 mmHg) and high myopia. 
Although, the fundus photograph shows a myopic optic disc with relatively enlarged cupping, no 
glaucomatous changes by the Humphrey visual fields were observed, and RTVue also confirmed 
no definite glaucomatous damages by both ONH and GCC scans in the right eye.  For the left 
eye, there is an RNFL defect and inferior rim thinning in the fundus photograph.  There is also a 
corresponding superior visual field defect.  There is significant RNFL loss inferiorly in the left 
eye and inferior ganglion cell complex loss as well.  Overall, there is good correspondence 
between the inferior damage in the left eye on the photograph, visual field, RNFL scan, and GCC 
scan. 
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Case 3 (K.N.). 

Patient history: 
 Age: 55 years old 

 Male 

 Japanese 

 No family history of glaucoma 

 Systemic hypertension under treatment with a Ca++-blocker. 

 IOP without medication:  

OD: 11 - 12mmHg 

OS: 11 - 12mmHg 

 CCT: no measurements 

 Best corrected VA: 25/20 OD, 25/20 OS 

 Refractive error (spherical equivalent): - 11.5 diopter OD, - 11.0 dioper OS 

 

Optic disc appearance:  

  OD: a high-myopic shaped, hypoplasic tilted disc with temporal conus. There are no definite, 
observable abnormalities in nerve finer layer with cup-to-disc ratio 0.4 (horizontal) x 0.5 
(vertical). 

  OS: a high-myopic shaped, hypoplasic tilted disc with temporal conus. The inferior rim of the 
optic nerve head looks atrophic with deeper cupping (0.4 x 0.5) comparing to the right eye, 
although definite abnormalities in nerve finer layer are not observable. 

 

Figure 12. Fundus photographs for the right eye (left, and left eye (right).  Both have a myopic 
shaped tilted disc with temporal conus. There are no obvious RNFL defects or cupping.   
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Visual field:  

  OD: Humphrey visual filed with program SITA 30-2 showed a normal visual field by GHT 
with MD –0.91 dB and PSD 1.71 dB, although a several abnormal test points were detected. 

  OS: Humphrey visual filed with program SITA 30-2 revealed an abnormal visual field by GHT 
with MD –3.22 dB and PSD 3.43 dB. 

 

Figure 13. The visual field test results with standard automated perimetry.  The right eye (top) is 
normal.  The left eye (bottom) has a nasal step and a GHT Outside normal.  
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ONH RTVue scan:  

  OD: Nerve fiber layer thinning of borderline was detected in an inferior-temporal sector. 

  OS: Nerve fiber layer thinning of outside normal limits was detected in an inferior-temporal 
sector. 

 

Figure 14. The ONH results for the right eye is normal.  There is a single sector in the inferior-
temporal area that is borderline, but it is not significant damage.  
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Figure 15. The ONH results for the left eye reveals a local RNFL defect in the inferior-temporal 
region.  Notice the sector at that location is red, indicating outside normal limits, and the TSNIT 
graph shows a dip into the red area in the inferior-temporal region as well.   
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GCC scan:  

  OD: Normal ganglion cell complex thickness. 

  OS: Borderline thinning of ganglion cell complex corresponding to visual field defects was 
detected. 

 

Figure 16. The GCC scan results for the right eye is normal.  There is some thinning inferiorly, 
but it is not significant yet.   
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Figure 17. The GCC scan results for the left eye show some inferior ganglion cell complex loss.  
The thickness map is much thinner than the right eye, and there is a fairly large area of inferior 
thinning that can be seen on the Deviation Map (black area inferior to fovea).   

 

Case Summary: 

 This is a case of very high-myopic (-11.0 D) glaucoma patient with very low IOP. Due to high-
myopic tigroid fundus and very small disc size, evaluation for cupping and nerve fiber layer is 
not easy. However, RTVue was able to detect a faint change in the nerve fiber layer and ganglion 
cell complex correctly, particularly in the left eye. 
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Chapter Summary 

 Glaucomatous optic nerve damages are not rare in Japanese high myopic eyes with untreated 
IOP less than 15mmHg. It is sometimes not easy to identify nerve fiber layer defects even by red 
free photographs for such high myopic eyes. A new spectral-domain OCT, RTVue, can be a 
useful tool to pick-up peripapillary nerve fiber bundle defects clearly. By combining these results 
with the macular GCC scan, we can confirm such peripapillary nerve fiber layer defects connect 
to the macular area where there is ganglion cell complex loss, which may be reflected in central 
visual field defects. 
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Chapter 5. Fourier Domain OCT in the Primary Care Setting 

 

Murray Fingeret, OD 

 

 Imaging of the optic nerve and retinal nerve fiber layer (RNFL) has become an important 
complement to the ocular examination when glaucoma is present or suspected of being present. 
Examples in which imaging particularly may be valuable include the individual with suspicious 
looking nerves and healthy visual fields in which the diagnosis of glaucoma is not obvious. 
Imaging may reveal narrowing of the neuroretinal rim or thinning of the retinal nerve fiber layer 
when compared to the normative database, alerting the clinician that damage may be present. 
Another use is in the serial analysis as one is followed over time, watching for change that would 
indicate a person is developing glaucoma.  

Case 1.   

 This elderly gentleman presented for a comprehensive eye examination and does not have 
a history (ocular or family) associated with glaucoma. The optic discs have large cups, and the 
ISNT rule is obeyed in each eye.  Significantly, the OCT images reveal the disc area to be large, 
the retinal nerve fiber layer (RNFL) to be intact, the rim to be healthy and the GCC printout to be 
within normal limits. The 24-2 HFA SITA Standard visual fields are full for each eye. In this 
case, the OCT aided the clinician as the nerve was suspicious but the image revealed the disc to 
be large and the RNFL to be intact. 

  

Figure 1.  Optic disc photographs for the right eye (left), and left eye (on right).  The cup/disc 
ratio is large in both eyes, however the ISNT rule is followed indicating the cupping is likely 
physiologic. 
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Figure 2.  The ONH results for the right eye.  Notice the 16 sectors surrounding the RNFL 
thickness map (middle right) are all colored green indicating they are within normal limits.  The 
TSNIT graph at the bottom also is within the green shaded area at all locations indicating a 
normal RNFL thickness. 
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Figure 3.  The ONH results for the left eye.  Notice here also the 16 sectors surrounding the 
RNFL thickness map (middle right) are all colored green indicating they are within normal 
limits.  The TSNIT graph at the bottom also is within the green shaded area at all locations 
indicating a normal RNFL thickness. 
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Figure 4.  The GCC scan results for the right eye.  The Significance Map is entirely in green 
indicating normal ganglion cell complex thickness values at all locations.  The fovea is masked 
out in gray because there are no ganglion cells there and the ganglion cell complex thickness is 
therefore too thin to measure.  All the ganglion cell complex parameters in the table on the left 
are also green indicating they are within normal limits.   
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Figure 5.  The GCC scan results for the left eye.  The Significance Map in this eye is also 
entirely green indicating normal ganglion cell complex  thickness values at all locations.  All the 
ganglion cell complex parameters in the table on the left are also green indicating they are within 
normal limits. 

Case 1 Summary 

 This patient presented with suspicious looking nerves.  The RTVue OCT results helped 
confirm that the patient is indeed normal and the large cup/disc ratio was physiologic.   

  

 

 



  95

Case 2. 

 This 58-year-old white male presents for a comprehensive eye examination. The 
intraocular pressure is elevated (26 mm Hg in each eye) with average corneal thickness. Repeat 
IOP was in the mid 20s. The disc size is average and the ISNT rule appears to be obeyed. The 
Humphrey 24-2 SITA Standard visual fields are relatively full in each eye. The OCT shows 
sectors flagged in each eye superiorly temporally on the RNFL analysis (P < 5% Borderline), and 
there is asymmetry in the RNFL printout. The right RNFL inferior sector is thicker than that 
found in the OS, and the cup/disc ratio is greater in the OS. The rim is narrower in the OS though 
this is not statistically significant. This patient was diagnosed as having ocular hypertension as 
the visual fields, optic nerve and imaging do not reveal definitive damage. Still the images are 
suspicious given the differences between eyes and the sectors flagged at a borderline level. 

 

  

Figure 6.  The Fundus photographs for both eyes appear to be normal.   
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Figure 7.  The visual field results for both eyes are also normal.  The GHT is within normal 
limits in both eyes.   
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Figure 8.  The ONH results for both eyes (symmetry OU report).  The RNFL thickness maps 
reveal a borderline result in the superior-temporal region in both eyes (note yellow sector).  
There is also some significant asymmetry between the two eyes.  Notice the red shaded area in 
the Symmetry analysis of the TSNIT graph (bottom middle of report).  A borderline sector and 
significant asymmetry is suspicious for glaucomatous damage, but not definitive. 

 

Case 2 Summary 

This patient is an ocular hypertensive with suspicious RNFL results and normal white on white 
perimetry.  The fundus photographs do not reveal any obvious defects.  Given these finding the 
patient will be monitored as a glaucoma suspect. 
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Case 3. 

 This 67-year-old black male was diagnosed with ocular hypertension when his IOPs were 
found to be in the mid 30s. He is currently using a topical prostaglandin analogue (PG) and 
topical carbonic anhydrase inhibitor (CAI) and his IOPs are in the low 20s. The optic discs are 
average in size, and have a small cup/disc ratio.  An important question is whether glaucoma is 
present, which would require more aggressive therapy. The HFA SITA Standard visual fields are 
full in each eye while SITA SWAP visual fields show loss in the right eye inferior, and this 
correlates with the OCT image showing greater damage in the right eye. There is a significant 
difference in TSNIT plots, with the right eye being thinner. The RNFL parameters are flagged 
for the right eye with the OCT helpful to understand the clinical picture. The OCT pattern and 
SITA SWAP visual field loss do correlate in this eye with elevated IOP, indicating that glaucoma 
is present with asymmetric damage, greater in the right eye.  

 

  

Figure 9.  The fundus photographs reveal average size optic discs and some minor cupping 
present, worse in the right eye. 
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Figure 10.  Standard achromatic visual field results are normal in both eyes.   
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Figure 11.  The combined ONH and GCC scan report for both eyes.  In the right eye, there is 
extensive damage shown on the GCC Significance Map (note large areas of red and yellow), as 
well as on the RNFL thickness map (note numerous red and yellow sectors).  On the GCC 
significance map the damage is worse inferiorly, however on the RNFL thickness map there is 
similar damage in the superior-temporal region and inferior-temporal region.  All GCC scan and 
RNFL parameters are outside normal limits.  For the left eye, the RNFL thickness map is normal, 
and there are a few small regions on the GCC Significance Map that are suspicious (yellow).  
The TSNIT Asymmetry Graph shows significant asymmetry between the right and left eyes, 
especially in the inferior bundle.   
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Figure 12.  Blue on yellow (SITA-SWAP) visual field results for both eyes.  The right eye shows 
significant field damage in the inferior hemifield.  The GHT is outside normal limits and the MD 
is -5.6, p < 5% for this eye.  The left eye is relatively normal.   

 

Case 3 Summary 

This patient has high IOP and possible narrowing of the neuroretinal rim observed in the fundus 
photographs, but normal standard achromatic visual field results.  The RNFL and GCC results 
show clear significant damage in the right eye and normal results in the left eye.  SWAP results, 
which sometimes are more sensitive than standard white on white, reveal a significant inferior 
defect in the right eye and normal results in the left.  This corresponds very well with the OCT 
results.  This patient has early unilateral glaucoma. 
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Case 4.  

 A 61year old Hispanic female presents with an asymmetry in the cup/disc ratio (left 
greater than right). The size of the optic disc is average and an RNFL defect is seen in the right 
eye at 7 o’clock and at 5 o’clock OS. There is also an epiretinal membrane present OS. The right 
visual field is relatively clean while a superior arcuate scotoma is present in the left eye. The 
OCT shows an average size disc and a larger cup OS. The RNFL and nerve head parameters 
show greater loss OS while the GCC shows greater loss in the OD. Images show an open angle 
with the angle view in both eyes and the central corneal thickness is 554um OD and 544 um OS. 
The macula image reveals an epiretinal membrane with vitreoretinal traction lifting the macula.  

 

  

Figure 13.  Optic disc photographs reveal an elongated vertical cup with inferior rim thinning 
and an inferior-temporal RNFL defect in both eyes.  The inferior rim thinning is worse in the left 
eye with a notch at the location of the RNFL defect. There is also an epiretinal membrane OS. 

 

 

 

 



  103

  

Figure 14.  Standard achromatic visual field results for both eyes.  The right eye is normal and 
the left eye has a superior nasal step and the GHT is outside normal limits and the MD is -2.57, p 
< 5%. 
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Figure 15.  The combined ONH and GCC scan report.  The right eye shows significant ganglion 
cell complex loss, especially inferiorly.  The RNFL thickness map reveals suspicious RNFL 
thinning in the super-temporal region and significant RNFL thinning in the inferior-temporal 
region (2 adjacent red sectors).  For the left eye, the RNFL thickness map shows significant 
thinning in the inferior-temporal region and significant ganglion cell complex thinning in the 
inferior region as well. 
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Figure 16.  Angle scans with the RTVue.   Both eyes have open angles.   

 

 

Figure 17.  Pachymetry scans with the RTVue.   Both eyes have average central cornea thickness 
values (554um OD and 544 um OS). 
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Figure 18.  A high resolution crossline scan through the macula reveals the presence of an epi-
retinal membrane with traction.  Note the large intra-retinal space under the fovea. 
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Figure 19.  The EMM5 scan over the macula shows significant thickening caused by the traction 
of the epiretinal membrane in the fovea.  Note the central retinal thickness in the 9-zone ETDRS 
grid is 348 microns, which is significantly elevated (colored red to indicate outside normal 
limits). 

Case 4 Summary 

 This patient has inferior-temoral RNFL defects in both eyes, larger in OS.  The visual 
field is still normal in the right eye and has an early superior nasal step in the left.  The OCT 
RNFL results show significant thinning inferior-temporal in both eyes corresponding to the 
RNFL defects seen on the photographs.  The GCC scan results also show significant damage, 
mainly inferiorly.  The angles are open as determined by the RTVue angle scans and the cornea 
thickness is average also based on the RTVue pachymetry scan.  A high resolution macula scan 
revealed an epi-retinal membrane..     
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Case 5. 

 A 49 year old Black male has a five-year history of diabetes mellitus and is using 
Glipizide. His visual acuity with correction is 20/20 in each eye. The IOP is 21/19 mm Hg, with 
central corneal thickness values of 537 um in each eye. The optic disc areas are large in each eye 
and the ISNT rule is not obeyed in the OD. There is an RNFL defect at 7 o’clock OD, along with 
a narrow neuroretinal rim. The OS  cup appears to be large and diffuse in shape. There is 
superior visual field loss OD and inferior loss OS.  The OCT shows RNFL loss inferiorly OD 
along with a larger cup/disc ratio. The GCC map is also thinner in the right eye, consistent with 
asymmetric glaucoma.  

  

Figure 20.  The fundus photographs show large optic discs with large cup/disc ratio. In the right 
eye, there is an RNFL defect inferior-temporally and some inferior rim narrowing.  The left 
nerve shows diffuse cupping but still follows the ISNT rule, suggesting that this optic disc is 
normal. 
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Figure 21.  The visual fields show possible early defects in both eyes, however both fields had 
low test reliability.    This was especially apparent in the left eye where the patient had 10 out of 
14 fixation losses.  The eye-tracking shown at the bottom of the printout is consistent with poor 
fixation.    
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Figure 22.  The ONH results for the right eye reveal a significant defect inferior-temporally 
which corresponds with the RNFL defect seen in the photograph.  Notice in the TSNIT graph in 
the inferior bundle the black line dips into the red area indicating significant loss.   
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Figure 22.  The ONH results for the left eye are normal.  The quality of the image is very good . 
All of the 16 sectors surrounding the RNFL map are in green indicating within normal and the 
TSNIT curve is also within the normal range.   
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Figure 23.  The GCC scan results for the right eye shows a small defect on the edge of the scan 
inferiorly.  The defect around the fovea is likely due to an enlarged foveal pit in this patient in is 
not likely indicative of true ganglion cell complex loss.   
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Figure 24.  The GCC scan results for the left eye is normal.  The small red area around the fovea 
is likely to be due to a large foveal pit similar to the right eye.   
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Figure 25.  The pachymetry scans show corneal thickness values, 537 OU.   

 

Case 5 Summary 

 This patient has diabetes and fairly high IOP and slightly reduced corneal thickness 
values.  He has large optic discs and an inferior RNFL defect in the right eye.  Visual fields 
reveal borderline reliability.  The OCT RNFL in the right eye detected a focal inferior defect at 
the same location as the defect in the photograph.  The OCT RNFL results in the left eye were 
normal.  The GCC scan results were also normal in the left eye.  The GCC scan of the right eye 
showed a small defect in the periphery.  This is consistent with the locations tested by the GCC 
scan and the location of the inferior RNFL defect.  The GCC scan tests the central 20 degrees 
while the ganglion cells and RNFL in the inferior bundle come from more peripheral locations.  
Therefore a defect in the inferior bundle at the optic disc may not show up on the GCC scan 
results.   
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Case 6. 

 A 63 year old African American male has optic disc drusen, more apparent and larger in 
the left eye. The optic discs are small, and the drusen are most obvious on the 3-D maps. The 
IOP measurements were low in this individual with average corneal thickness values. The drusen 
are at the superior disc margin in the OD and OS. Visual field loss is found in both eyes, but 
more extensive in OS. The OCT confirms that the cup/disc asymmetry is not due to glaucoma 
but rather due to optic disc drusen that is asymmetric in its presentation. Using the 3-D en-face 
maps allows a segmented view of the surface with the drusen apparent and greater in size in the 
OS. 

  

Figure 26.  The optic disc photographs reveal the presence of optic disc drusen.   
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Figure 27.  The standard visual field results shows loss in both eyes.   
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Figure 28.  The combined ONH and GCC results for both eyes.  The right eye shows significant 
GCC loss superiorly and inferiorly.  The RNFL thickness map in the right eye shows a large 
defect superiorly stretching from the temporal side of the disc to the superior pole.  For the left 
eye, the RNFL map shows a large region of significant thinning superiorly and a smaller 
suspicious area inferiorly.  The GCC map in the left eye also reveals superior and inferior 
damage, worse superiorly.    
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Figure 29.  The 3-D optic disc scan reveals an elevated nerve due to the presence of disc drusen.  
The bottom B scan (bottom left) shows a cross sectional view of the disc drusen.  The location of 
this view corresponds to the horizontal green line in the top down view of the disc above.  The 3-
D view of the entire retina can be seen on the bottom right.   
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Figure 30.  The 3-D optic disc scan can also be viewed en-face (top down) at selected depths.  In 
this way, the desired depth is chosen and the 3-D view can be appreciated for only that layer 
(depth).  In this case, the en-face view is of the retinal surface and the 3-D view of the drusen can 
be seen in the bottom right panel.  The top grayscale panel shows this 3-D view en-face.   

 

Case 6 Summary 

This patient has bilateral visual field loss, RNFL thinning, and ganglion cell complex loss. The 
3-D optic disc scans reveal the presence of optic disc drusen which can account for the functional 
and structural damage detected.  The disc drusen is greater in size OS and corresponds to worse 
structural and functional damage OS.   
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Chapter Summary 

Imaging provides important clues to whether glaucoma is present, and allows the 
glaucomatous eye to be followed over time to analyze for progression or change. When used 
with other examination tools, it occupies an important role in the management of glaucoma.  It is 
especially helpful for suspicious or borderline cases to help confirm either the presence or 
absence of glaucomatous optic neuropathy.  
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