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What is Glaucoma?

Glaucoma is a group of progressive optic neuropathies characterized by degeneration of retinal 
ganglion cells (RGCs) and progressive thinning of the neuroretinal rim and retinal nerve fiber layer 
(RNFL). Glaucomatous RGC loss results in characteristic visual field (VF) defects, which are usually 
arcuate in nature.

While the disease progression is treatable, the visual impairment caused by glaucoma is irreversible. 
Early detection of damage and precise monitoring of progressive RGC loss is essential in assisting 
the clinician to confirm a glaucoma diagnosis and prevent additional glaucomatous vision loss.

OCT can provide detailed information about the anatomical structure of the eye and an objective 
measurement of progressive change. OCT complements the subjective, qualitative eye examination 
with objective, quantitative results.

It is extremely useful to integrate OCT into glaucoma assessment, alongside the clinical 
examination, consideration of the patient’s history and symptoms, visual field results, and arsenal 
of other diagnostic tests.

The SPECTRALIS® Glaucoma Module Premium Edition (GMPE) provides you with a comprehensive 
suite of parameters and the reproducibility for glaucoma diagnosis and monitoring that allows you 
to evaluate glaucoma patients in your own individualized way.

The following images and data were generated using the SPECTRALIS GMPE.
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Anatomic Positioning

The center of the ONH  
is anatomically defined  
as the center of the BMO  
using OCT imaging. 

The range of angles for  
the fovea to the center of  
the BMO axis (BMOC) is  
large across a population  
and could theoretically vary  
by as much as 35° between 
eyes of different individuals  
or between two eyes of the  
same individual.1

In these three examples,  
the fovea is -2.2°, -7.1° and  
-14.9° (top to bottom) below  
the BMOC.

The 6-sector Garway-Heath 
classification, represented 
by the white lines through 
the ONH, is automatically 
positioned according to  
the angle.

Confounding Factors

The SPECTRALIS GMPE Anatomic Positioning System (APS) identifies two fixed landmarks 
– the center of Bruch’s membrane opening (BMO) and the fovea – in order to place and orient 
glaucoma scans according to the correct anatomic location in each individual eye. This unique, 
semi-automated technology increases the precision and accuracy of the results by ensuring that 
all glaucoma scans are anatomically aligned according to the individual configuration of axons 
in each eye. This enhances the accuracy in the comparison to the reference database (RDB). 
The software then ensures that each eye’s results are compared to the RDB while accounting 
for potential anatomical differences. This personalized anatomic alignment provides diagnostic 
images and data that you can rely on. 

The SPECTRALIS GMPE RNFL and neuroretinal rim parameters are compared to an age- and 
BMO- area adjusted RDB, with the results displayed in color-coded graphs that indicate if the 
measurements are within normal limits (green), borderline (yellow), or outside of normal limits (red).

Be aware that this color-coding can be affected by several variables, such as comorbidities and 
segmentation errors. Checking that the retinal layers have been segmented correctly and reviewing 
the OCT images for signs of confounding pathology will help identify and exclude potentially 
misleading variables during your glaucoma analysis.

Color classification may also be affected if the patient’s age, BMO area and refractive error are 
beyond the limits of the RDB. You can find further information about the RDB of SPECTRALIS in 
the GMPE User Manual.

Focal defects may not be sufficiently large enough in magnitude to trigger borderline and/or 
outside of normal limits sectors on the BMO-MRW and RNFL classification charts. It is, therefore, 
advantageous to analyze the classification charts and thickness profiles carefully, as you may 
notice that while a sector is triggered as green in the classification chart, defects can be identified 
on the thickness profile. Interrogation of all the OCT parameters, rather than reliance solely on 
color-coded classifications, will help you to confidently and accurately use the OCT parameters 
as an aid in your diagnosis of glaucoma. 

Example of a segmentation error due to confounding pathology (epiretinal membrane).

Example of a temporal superior focal defect visible on the RNFL profile (black arrow). The corresponding sector (grey arrow) on 
the classification chart is in the 9th percentile, but has not been triggered as outside of normal limits on the classification chart.
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The minimum distance between Bruch’s membrane opening and the internal limiting membrane 
around the optic nerve head – referred to as Bruch’s Membrane Opening – Minimum Rim Width 
(BMO-MRW) – provides you with the true anatomic optic nerve head (ONH) boundary and the 
most geometrically accurate measurement of the neuroretinal rim. 2,3,4

To assess the thickness of the neuroretinal rim, 24 radial OCT scans centered on the BMO are 
captured, as visualized by the green lines in figure 1 (left image). The white arrow in figure 1 
indicates the BMO-MRW, which is the shortest distance between BMO and the ILM (right image). 
The average thickness of the neuroretinal rim is then calculated for each sector of the ONH and 
displayed as a thickness profile (figure 2) and a classification chart (figure 3).

In a healthy eye, the thickness profile of the BMO-MRW should show a slight double hump. 
Tilted and myopic discs may exhibit an altered profile with a single hump.

In this case study, the thickness profile indicates significant loss of neuroretinal rim in the 
temporal inferior sector and focal loss in the nasal superior sector of the right eye (figure 2 – OD 
black and grey arrows). The inferior neuroretinal rim thinning can clearly be seen in the OCT 
image (figure 1 – OD white arrow). The average thickness value in the temporal inferior sector 
in the right eye classification chart is displayed at 158 μm and the percentile value is marked as 
<1% (figure 3 – OD black arrow). This means that 99% of individuals in the age-and BMO-area 
adjusted RDB have a neuroretinal rim measurement that is greater than this value and less than 
1% have a neuroretinal rim measurement that is lower than this value. A percentile value of <1% 
is colored red, <5% is colored yellow, and >5% is colored green. 

Notice that the nasal superior (NS) sector of the classification chart for the right eye is colored 
green (figure 3 – OD grey arrow), despite there being a clear dip in the corresponding area 
of the thickness profile (figure 2 – OD grey arrow). Closer inspection of the NS sector of the 
classification chart reveals a percentile value of just 7% (figure 3 – OD grey arrow). This 
highlights the importance of interrogating all of the available data rather than relying on color-
codings. In the left eye, there is more significant loss of superior and inferior neuroretinal rim 
(figure 2 & 3 – OS black arrows).
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Figure 1 
BMO-MRW 
OCT scan

Figure 2 
BMO-MRW 
thickness 
profiles

Figure 3 
BMO-MRW 
classification 
charts
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A BMO-centered OCT scan of the RNFL is taken in a circular pattern as visualized by the bright 
green circles in figure 4 – left image. This circle is then “unrolled” and displayed as a horizontal 
OCT scan (figure 4 – right image). This allows you to view the condition of the circumpapillary 
RNFL (cpRNFL) in a single shot. This information is displayed in the temporal-superior-nasal- 
inferior-temporal (TSNIT) order (from left to right), generating a TSNIT thickness profile (figure 
4 – right image).

The average thickness of the RNFL is calculated and displayed in the thickness profile (figure 
5) and classification chart (figure 6). In a healthy eye, the thickness profile should present as 
a “double hump” configuration (figure 7 – an example of a healthy eye with two humps that 
are indicated by the black arrows). Bear in mind that the RNFL profile can be impacted by the 
vascular anatomy of the retina (e.g. vessel configuration).

In this case study, there is significant temporal inferior thinning of the RNFL in the right eye 
(figures 5 & 6 – OD black arrow). This corresponds with the temporal inferior neuroretinal rim 
thinning (figure 1 – OD white arrow). The thin RNFL in the right eye is clearly visible in the OCT 
image (figure 4 – OD white arrow). The left eye shows significant loss of the temporal RNFL, 
consistent with severe glaucomatous damage (figures 4, 5 & 6 – OS white/black arrows).

Figure 4 
RNFL OCT 
scans

Figure 5 
RNFL 
thickness 
profiles

Figure 6 
RNFL 
classification 
charts

Figure 7 
RNFL OCT, 
classification 
chart and 
thickness 
profile of a 
healthy eye
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To calculate retinal thickness and asymmetry, a single “posterior pole” volume scan comprised 
of 61 OCT scan lines (B-scans) is taken across the macula and segmented into individual retinal 
layers (figure 8).

The deviation map tab includes a thickness map, thickness deviation map, and classification 
chart (figure 9). The thickness deviation maps of the total retina, RNFL, ganglion cell layer (GCL) 
and inner plexiform layer (IPL) reveal regions and patterns within these retinal layers that have 
significantly thinner or thicker measurement values when compared to eyes included in the 
RDB and highlight areas that are not within normal limits.

Research has shown that the human brain perceives changes in the lightness parameter as 
changes in the data much better than changes in hue. The thickness maps utilize a “perceptually 
uniform” color scale based on the range of values from the reference database (figure 
9 – left images). This color gradient offers the most visually accurate and easily perceived 
representation of the thickness of each retinal layer. These perceptually uniform color-coded 
maps may make structural changes clearer to the human eye in comparison to thickness maps 
with the standard hue color scale (e.g. figure 11). Thicker areas are indicated by white and warm 
red/yellow colors, while thinner areas are indicated by cool blue colors.

The RDB-derived thickness deviation maps color-code the thickness values of a given layer to 
highlight whether they are within normal limits, borderline or outside of normal limits making 
the regions and extent of structural thickening or thinning clearly discernible (figure 9 – middle 
images). Red and yellow areas represent percentile values of <1% and <5% respectively while 
blue and purple areas represent percentile values of >95% and >99% respectively. Note that 
it is common to see blue and purple colors due to the presence of blood vessels. Green areas 
represent a percentile value between 5%-95%.

The 6-sector Garway-Heath grid is anatomically aligned with the RDB using the APS and 
the results are displayed as a classification chart (figure 9 – right images). The grid has been 
optimized for GCL thickness so there is no RNFL color-coded classification chart. This is because 
the macula RNFL is anatomically thin, which limits the reliability of measurements in this 
location and because RNFL defects are typically most prominent beyond the confines of the 
GCL-optimized grid.

Figure 8 
Segmented 
posterior pole 
scan of the 
macula

Figure 9 
Thickness map, thickness deviation map, and classification chart of a healthy eye
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In this case study, a suspicious arcuate (curved) pattern of thinning can be seen in the retina 
thickness map (figure 10 – A, white arrow).

The retina thickness deviation map highlights its arcuate nature, reveals thickness values 
beyond normal limits, and confirms the extent of thinning. The RNFL and GCL thickness maps 
(figure 10 – left images B & C) confirm that this loss of retinal tissue is specific to the retinal 
ganglion cells and representative of glaucomatous damage, while the corresponding thickness 
deviation maps accentuate the region and extent of the pattern of damage (figure 10 – middle 
images B & C).

The GCL and IPL classification charts (figure 10 – right images C & D) reveal the temporal inferior 
region is outside of normal limits. While the temporal inferior sector in the retina thickness 
classification chart is color-coded green (figure 10 – right-hand image A), the percentile value is 
low at 9%, highlighting the benefit of interrogating all of the available data in detail rather than 
reliance on color-coded classifications alone.

The left eye (not pictured) revealed more significant loss across all the maps, consistent with 
severe glaucomatous damage. This pattern confirms the loss that is seen in the BMO-MRW, 
RNFL and posterior pole OCT images.

Figure 10 
Thickness map, thickness deviation map, and classification chart
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Asymmetry is a hallmark of glaucoma. The full retinal thickness asymmetry analysis quantifies 
imbalances between the inferior and superior macula, as well as between the left and the right 
eye, serving as an aid in identifying potential glaucomatous damage.

In the posterior pole asymmetry analysis (derived from the same OCT volume scan as the 
deviation maps), the total thickness of the retina is calculated and displayed in a color-coded 
map (figure 11 – left images). In this glaucoma patient, the superior and inferior hemispheres 
present with asymmetric retinal thinning in both the left and right eye (figure 11). The superior 
hemisphere is overall thicker than the inferior hemisphere in both eyes (indicated by the warm 
red/yellow colours). You will also observe that there are asymmetric thickness values between 
the left and right eye. The left eye is further progressed and there is a larger area of thin retina 
(indicated by blue/purple colors) in comparison to the right eye.

A thickness asymmetry graph between the inferior and superior macula hemisphere of each 
eye (figure 11 – right images), and between the right and left eye (figure 11 – middle images), is 
also available. The darker the square, the larger the difference in thickness between that square 
and the corresponding square in the opposite hemisphere or eye. The hemisphere and OD/
OS asymmetry graphs (figure 11) confirm there is marked asymmetry between the superior 
and inferior hemisphere in both eyes and between OD/OS, with jet black squares indicating a 
difference of >30 μm.

Figure 11
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Ho
od

 G
la

uc
om

a 
Re

po
rt

SP
EC

TR
AL

IS
®

 T
ra

ck
in

g 
La

se
r T

om
og

ra
ph

y

Pa
tie

nt
:

G
la

uc
om

a 
Im

ag
in

g 
At

la
s,

 C
ha

pt
er

 - 
7,

 C
as

e 
 - 

11
DO

B:
01

.D
ez

.1
95

4
Se

x:
F

O
D

Pa
tie

nt
 ID

:
H

oo
d,

 R
itc

h
Ex

am
.:

10
.N

ov
.2

01
5

Di
ag

no
si

s:
---

Co
m

m
en

t:
---

IL
M

IL
M

RN
FL

RN
FL

20
0 

µm
20

0 
µm

O
CT

 A
RT

 (9
8)

 Q
: 2

7 
[H

S]

NS
TI

N

TI
TS

NI
SAN

P
MT

NA
S

NS

RNFL Thickness (3.5 mm) [µm]

30
0

24
0

18
0

12
0

60 0

NS
TI

N

G 89
(1

7%
)

T 63
(2

2%
)

TS 12
1

(3
5%

)

TI 62 <1
%

N 96
(8

9%
)

NS 12
8

(7
7%

)

NI 83
(1

3%
)CC

 7
.7

 (A
PS

)

45
 µ

m
BM

O
C

Cl
as

si
fic

at
io

n 
RN

FL
T

O
ut

si
de

 N
or

m
al

 L
im

its

G 24
3

(8
%

)

T 20
8

(3
5%

)

TS 27
0

(3
0%

)

TI 15
8

<1
%

N 28
4

(1
5%

)

NS 24
8

(7
%

)

NI 26
4

(4
%

)

CC
 7

.7
 (A

PS
)

45
 µ

m
BM

O
C

Cl
as

si
fic

at
io

n 
M

RW

O
ut

si
de

 N
or

m
al

 L
im

its

W
ith

in
 N

or
m

al
 

Li
m

its
 (>

5%
)

Bo
rd

er
lin

e 
(<

5%
)

O
ut

si
de

 N
or

m
al

 
Li

m
its

 (<
1%

)

Re
tin

a 
Vi

ew
Fi

el
d 

Vi
ew

Su
pe

rio
r R

et
in

a

In
fe

rio
r R

et
in

a

In
fe

rio
r R

et
in

a

Su
pe

rio
r R

et
in

a

24
-2

Su
pe

rio
r R

et
in

a

In
fe

rio
r R

et
in

a

In
fe

rio
r R

et
in

a

Su
pe

rio
r R

et
in

a

10
-2

Figure 12 
The Hood 
Glaucoma 
Report



1716

The GMPE Hood Glaucoma Report (figure 12) combines and organizes the most pertinent OCT 
data from the ONH, RNFL and macula for detecting glaucomatous damage and empowers you 
to relate this information to visual field data in a clinically effective manner.

The conventional way to illustrate RNFL thickness data is using a TSNIT RNFL profile (figure 
13). This profile starts at the temporal most point of the disc (figure 14 – dotted line in the 
purple quadrant) and proceeds clockwise from the temporal (T) to superior (S) to nasal (N) 
to inferior (I) and back to temporal (T) quadrants. The RNFL thickness data that is associated 
with the nasal half of the disc is therefore presented in the center of the RNFL profile, while the 
RNFL thickness data associated with the temporal half of the disc is presented on the far right 
and left of the RNFL profile (figure 13). The disadvantage of the TSNIT profile is that making a 
comparison between RNFL damage and a visual field defect is challenging considering that 
most of the retinal ganglion cells are located in the macula.

The GMPE Hood Glaucoma Report (figure 12) presents the RNFL data using an NSTIN RNFL 
profile (figure 15). This profile starts at the nasal most point of the disc (figure 14 – dotted line 
in the blue quadrant) and proceeds counter-clockwise. This rearranges the RNFL profile so that 
the RNFL thickness data associated with the temporal half of the disc is presented in the middle 
(figure 15). The NSTIN plot improves the utility of the RNFL information by optimizing its visual 
presentation in relation to visual field results. In addition, the large, high-quality OCT image on 
the report confirms the details of the structural damage and accuracy of the segmentation.

In order to intuitively compare structure and function, the RNFL and GCL thickness maps are 
rotated and overlaid with the visual field test points. 24-2 locations on the RNFL thickness map 
and 10-2 locations on the GCL thickness maps (figure 12). In this case, the spatial agreement 
between the 10-2 and 24-2 visual field results and OCT thickness maps (figure 16) are excellent, 
especially considering the various factors that can obscure this relationship such as variability 
in anatomy and visual field testing among individuals.5

Figure 13 
TSNIT RNFL 
profile of the 
right eye high-
lighting where 
the temporal, 
nasal, superior 
and inferior 
quadrants are 
located.
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Figure 14 
A diagram of 
the right eye 
showing how 
the TSNIT 
quadrants of 
the ONH relate 
to the OCT 
scans.

Figure 15 
NSTIN RNFL 
profile for the 
right eye high-
lighting where 
the temporal, 
nasal, superior 
and inferior 
quadrants are 
located.

Figure 16 
24-2 SAP (top 
left) and 10-2 
SAP (bottom 
left) visual field 
tests of the 
right eye and 
corresponding 
RNFL (top right) 
and GCL (bottom 
right) thickness 
maps with visual 
field test points 
overlayed.
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Progression

Glaucoma is a progressive disease; therefore, identifying change over time is an important 
step in confirming a diagnosis and monitoring treatment efficacy. Establishing if there is any 
progressive loss of tissue over time is useful supporting evidence (figure 17). Interrogating the 
progression in the temporal superior and temporal inferior sectors may reveal a rate of change 
that is significantly greater than the global average rate of loss (figure 18). It is, therefore, 
important that your OCT device is very accurate during follow-up scanning in order to detect 
very small changes at the earliest opportunity. SPECTRALIS TruTrack Live Eye Tracking enables 
the OCT scan to be automatically repositioned at follow-up in the same anatomic location 
with incredible accuracy and precision6, enabling you to see changes as small as 1 micron for 
confident measurement of disease progression.7 High repeatability combined with careful review 
of the OCT B-scans and validation of the automated segmentation will give you confidence that 
you are looking at real change as opposed to changes induced by operator variability, patient 
positioning, co-existing pathology or segmentation errors. 

Summary

The SPECTRALIS Glaucoma Module Premium Edition provides you with a comprehensive set 
of parameters for the assessment of structural loss that is characteristic of glaucoma. This 
multimodal approach empowers you with a toolkit to evaluate both routine glaucoma patients  
and those who present with a diagnostic conundrum. The result is accurate, objective glaucoma 
care that is personalized to you and your patient.

For a more comprehensive guide to diagnostic imaging for glaucoma assessment, including 
29 case studies, purchase the Glaucoma Imaging Atlas.

You can purchase the Atlas online at www.glaucoma-imaging-atlas.com 

The information in this document is not intended to be exhaustive and does not cover all 
eventualities. It is intended as a useful starting point for anyone who intends to integrate OCT 
information into their clinical diagnostic regimen for the diagnosis and management of glaucoma.
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Figure 18 
Temporal 
inferior RNFL 
thinning of the 
same case as 
in figure 17 
illustrating a 
greater rate  
of change.

Figure 17 
Global RNFL 
thinning 
over time 
(2008 – 2017) 
demonstrated 
by 7 follow-up 
examinations.

          Case study 

used in figures 17 

and 18 is different 

to the case used 

elsewhere in  

this guide.

Case study credit: 

Christian Mardin, 

MD.
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