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Optic nerve imaging
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Glaucoma 1s an optic neuropathy with characteristic optic nerve
appearance and visual field loss for which elevated intraccular pres
sure (IOP) is one of the main risk factors.' This characteristic optic
nerve appearance results from structural glaucomatous changes
which usually precede functional deterioration (visual field loss).>?
Therefore, improvement of the diagnostic methods of structural
abnormality and change can result i earlier diagnosis of the disease.

Scructural evaluations of the optic nerve head (ONH) and ret-
ina are key to the diagnosis and follow-up of glaucoma patients.
[maging tests complement slit-lamp biomicroscopy exam and
stereo photos of OMNHs. Ophthalmoscopy and even sequen-
rial stereo photos are dependent on the expertise and skills of the
observer. High intra-observer and inter-observer variability has
been demonstrated in several studies.*® The goal is to diagnose the
disease or 15 progression as carly as possible, to increase the prob-
ability of preventing visual loss.%”

There are three predominant imaging rechnologies currendy in
use for the diagnosis and evaluation of glaucoma in Europe and the
US.® These devices are: confocal scanning laser ophthalmoscopy
(CSLO) {the most common commercial application is known as
Heidelberg retina tomography (HRT)); optical coherence tomog-
raphy (OCT); and scanning laser polarimetry (SLP). whose com-
metcial application is known as GDX. Scans of the ONH, retinal
nerve fiber layer (RRNFL) and of the macula have been studied for
their relevance to glaucoma. Not all imaging technologics have the
capability of imaging all three intraocular structures. The ONH
can be scanned with HRT and OCT. The nerve fiber layer can be
scanned with GDX and OCT, and the macula can be scanned with
OCT. All these technologies work differently and have their own
steengths and limitations as well as different measures of reliabihty.
Full comprehension of all of these points will allow the clinician
t© accurately interpret the data obtained by each one of the imag-
ing tests, as well as their correlation with one another, The ultimate
goal is to improve the early diagnosis of glaucoma and decection of
glaucomatous progression

CONFOCAL SCANNING LASER
OPHTHALMOSCOPY (CSLO)

HEIDELBERG RETINA TOMOGRAPHY (HRT)

Confocal sconning laser ophthalmoscopy is the imaging technology
and HRT (Heidelberg Engineering, Heidelberg, Germany) is the
majot comenercially available instrument that utilizes this imaging
system to study the eye (Fig. 14-1). Heidelberg retina tomography
has threc generations: HR'T, HRT 11 and HRT 3.

Confocal scanning laser ophthalmoscopy is capable of obtain
ing three-dimensional images of the opric disc by acquiring high-
resolution images, both perpendicular to the optic axis {(v- and p-
axis) and along the optic axis (z-axis) (Fig. 14-2). It is based on
the principle of spot illuminauon and spot detection. Conjugacted
pinholes are placed in front of the light source and light detec-
tor and allow only hight originating from a determined focal plane
to reach the detector. Sequential secuons are obtained by moving
the depth of the focal plane through the whole depth of the tissue
being studied; in this case, the optic nerve. The focal plane depth is
adjusted by shifting the confocal aperture or pinhole (Fig. 14-3).

Heidelberg retina tomography makes use of a 670 micron diode
laser to perform rapid scanning of the fundus. Oscillating mirrors
in the HRT device redirect the laser beam to the x- and y-axis,
along a planc of focus that is perpendicular to the optic axis
(z-axis). A bi-dimensional image (15 X 15degrees) is obtained
at each focal plane. As the device changes the focal plane, other
bi-dimensional images of the optic nerve are obtained. Each one
represents an optical section of the optic nerve. A total of 64 sec.
tions, each done with 1716 mm of depth interval, are obtained and
used to create 2 three-dimensional image of the optic nerve. These
64 sections are equivalent to a depth of 4 mm.

Each optical section 15 composed of 384 X 384 points compose
cach optical section. Each one of these points has an ¥ (horizonual),

Fig. 14-1 Heidelberg retina tomography (HRT} Il scanning taser
ophthalrmoscope.
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¥ (vertical) and =z (depth) value to locate it in space. The amount of
light or ‘reflectance’ along the z-axis is measured at each scanned
point, and the more intense the light is at a given point, the higher
{closer to the surface) this is. In this way, the peak distribution of
the reflected laser light intensity corresponds to the retinal/ONH
surface. The peak intensity along the z-axis is assumed to corre-
spond to the internal limiting membrane that overlies the retina
and optic disc. A matrix of rerinal height measurements 1s then cre-
ated. The result is a topographical map of 384 X 384 height meas-
urements of retinal and optic nerve surface topography. The light
intensity measured at each one of the 384 points and vsed for the
creation of the mean topography map 1s the result of an average of
three scans which are automatically obtained by the newer genera-
tions of HRT. The transverse resolution is 10 microns and the axial
resolution is 300 microns.

Once the image is taken, the operator delineates the optic
nerve contour line over the reflectance or topography 1mage, The

Z-axis

Unacceptable
quality eliminated

Fig. 14-2 Single images are obtained at different depths along the z-axis
and aligned. Poar-quality images are eliminated in the process.

operator places points ac the external edge of the disc border and
the machine draws a ‘best-fit’ ellipse linking these points together
(Fig. 14-4). Heidelberg retina tomography proceeds to define the
reference plane based on the disc contour drawn by the operator.
The reference plane is located 50 microns posterior to the mean
height along a 6° arc of the contour line at the temporal inferior
sector. Structures above the reference plane and within the con-
tour line are considered to be rim. Anything below the reference
plane is considered cup {Fig. 14-5). Computation of stereometric
patameters, classification of the eye and comparison to previous
examinations are then done by the HRT, Classification of the eye
is done with Moorefield’s regression analysis or other discriminat-
ing method in HRT II, or with neural necwork analysis in HRT 3.

The latest software available, HRT3, can provide ONH
stereometric analysis without manual delineation of the disc mar
gin by the operator. After a three-dimensional model of the ONH
Is constructed, five optic nerve parameters are calculated and then

Fig. 14-4 Optic nerve disc delineation by operator.
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Fig. 14-3 Schematic diagram of a
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2005
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analyzed with an artificial intelligence classifier, the relevance vec-
tor machine (RVM). From this analysis, 2 glaucoma probability
score {GPS) is created.

Adjustments are made to the parameters to account for differ
ences in age and disc size by both versions of HRT. However, HRT
3 is equipped with a larger and more diverse normative database
than its predecessor. [t currendy includes large samples of chree
different edchimcities: Cavcasian (22700}, African descent (>200)
and Indian or south-east Asian (> 10{). In comparison, the HRT 11
normative database includes 112 eyes, all from Caucasian subjects.

There are several printout formats currently avalable: initial
report, follow-up report and *OU report, among others. Below, the
different components of the HRT printour are discussed.

fim

sopm yv’

-— \_/cup reference plane

Fig. ¥-5 Reference plane as calculated by HRT is based on disc contour
delineation. The reference plane is defined as 50 microns posterior to the
mean height along 6° of the contour line at the temporal inferior sector.
Structures above the reference plane and within the contour line are
considered as rim, Structures below the reference plane are considered cup.

Components of the HRT report

t. Pafient data: name, sex, date of birth, patent ID, and datwe of
exam are provided here (Figs 14-6 and 14-7).

2. Topagraphy image: located on the left upper corner of the
printout. [e 15 a false-color image. More superficial areas appear
darker and deeper areas appear of a lighter color. Additional colors
are added 1o the map: red indicates the cup {area below the ref
erence plane) and green and blue indicate nevroretinal rim ussuc
(above the reference plane). Blue indicates sloping rim.

3. Reflecrance image: located 1n the right upper corner of the umi-
lateral report or below the topography image on the ‘OU repore.
It is also a false-color image and is similar to a photograph with
the brighter areas representing highest reflectance, like the cup. The
reflectance image is overlaid with Moorficlds analysis.

4. Retinal sugfce height variation graph: this appears once the disc
contour is drawn and accepted. It is the graphical representaton
of the retinal height along the concour line and of the thickness of
the nerve fiber layer. A green line represents the retinal height and
a red line represents the reference plane. The graph depicts, from
left to right: the thicknesses of the temporal (T); temporal-superior
(TS); nasal-superior (INS}; nasal (N); nasal-inferior (NI); temporal-
inferior {T1); and temporal (T) sectors. Because the thickness of
the normal retina is irregular, the contour line will appear as what
is known as the *double-hump’ The hills or *humps’ correspond
to the superior and inferior nerve fiber layer, which are normally
thicker than the rest of the areas.

EHE0BLEErS
=g =g === ]

Patient Information ey
Scan Quality

Ccup

Fig. 14-6 HRT 3 baseline printout. After

patient infarmation, a Quality score is
provided with classification for quick quality

assessment. Scores below 30 represent goed

quality images. The cup section represents

the disc topography. The CUP parameters

shown in this row are cup/disc (C/D) area

ratio and cup shape measure. The RIM

section represents reflectance data with

overlay of mean rim area (MRA} classification.
The middle column shows rim parameters:

o

rim area and rim volume. The last saction

[ eve

contains the RNFL profile graph. It displays

the height values at the optic disc margin
going arcund the optic disc from the temporal

side, to superior, nasal, inferior. and back to

temporal (TSNIT). The green shaded area
gives the normal range for that particular age,
optic disc size. and ethnicity. Height measures
that fall into the yellow zone are horderline,

and those that fall into the red zone indicate

abnormal values.
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Fig. 14-7 HRT |l baseline printout.

5. Vertical and horizowral interactive analysis: these are the opric
nerve retinal surface height horizontal and vertical cross-sections. A
smooth trace as opposed to a ‘jagged’ trace represents a better qual-
ity scan. Observation of the trace can provide information of the
disc steepness, presence of sloping, etc.

6. Stercometric analysis: HRT Il provides a list of 14 nerve param
eters. They are: disc, cup and rim area, cup and rim volume, cup/
disc area ratio, linear cup/dise ratio, mean cup depth, maximum
cup depth, cup shape measure, height variation CONtOUL, mean reti-
nal nerve fiber layer (RINFL) thickness, RNFL cross-sectional area
and reference height. To the right of the stereometric parameters, 3
column specifies * one standard deviation from the mean of the
normative database for each of the parameters, HRT 3 only pro
vides values for 6 stereometric parameters in the ‘OU printout!
These are: cup/disc area ratio, cup shape measure, rim area and
volume, height variation contour 2nd mean RINFL thickness. Each
value is designated as within normal limirs, borderline or outstde
normal limits after comparing to the normative database.

7. Mootfields regression analysis (MRA}: the MRA is based on a
normarive database of 112 Caucasian subjects with refractive error
<6D and disc size within the range of 1.2-2.8mm. A predicted rim
area/disc area line was obtained after plotting the ratio values among
these subjects. Such a predicted line represented the value obtained
n 50% of the normal subjects studied. Furcher classification limits

174

were obtained. In this way, if the rim area of any segment (global
assessment or any of the 6 sectors) is below the 99.99 prediction
interval, the nerve is classified as outside normal limits {red x). In
other words, 99.9 % of ‘normals’ have 2 higher dim area/disc area
value than that of the nerve being classified as ousside normal limiss
(ONIL). If the rim area falls between the 95% and 99.9% prediction
Imnes, it 1s classified as borderline {yellow checkmark). Rim areas cthat
fall above the 95% prediction level are classified as within normal
lmits (green checkmark). The Moorfields analysis graph is shown in
the printout, indicating the predicted intervals on which the nerve
chssification is based. Seven different columns representing all sec-
tors are shown and classified as within normal limics (WINL), border-
linc {BL} or ONL. Green color represents the rim and red represent:
the cup. Moorfields classification is also shown over the reflectance
image a5 a green checkmark, yellow exclamation point, or 2 red ‘x’
The Moorfields classification of the nerve is written at the bottom
of the graph, Moorfields regression analysis classifies discs based on
the worst classified sector.

8. Glaucoma probability score (GPS): new sofeware included in the
HRT 3 generation allows calculation of the GPS, It is based on the
construction of a three-dimensional model of the ONL and peri-
papillary RNFL by using five paramerers: cup size, cup depth, rim
steepness, and horizontal and vertical RNFL. The complete three
dimensional model is then subjected to analysis by an artificial
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intclligence classifier, the relevance vector machine (RVM), thae
compares it to a predetermined normal and glaucoma model and
then derives the probability of glaucoma for the scanned eye:

+ Probability = 28% — within normal limits (WNL}

» Probabilicy > 28% — borderhine (BL)

+ Probability = 64% — outside normal limits (ONL).

Evaluating scan quality
Only data exuacted from a scan of good quality is valuable.
Therefore, it 15 of the utmost imporance to know how to wdentify
a poor quality scan. Good quality indicators are even luminance and
sharp borders of the topography and reflectance images, as well as
good centration of the disc. The standard deviation (SD) is a meas
urement of variability of the same pixel values among three differ-
ent scans. The average light intensity for each point is what is used
for the RNFL heighe measurement. The manufacturer has suggested
not analyzing scans with a SD value greater chan 40 le is importane
w point out that SD should not be the only parameter to use when
assessing quality. A poor quality scan can still have a low SD value if
there is small or ne variability among the three scans.

The manufacturer’s classification of scans by SD values is:

+ <10: excellent
11-20: very good
21-30: good
31-40: acceprable
41--50: poor

+ >50: very poor.

Looking at cross-sections can ako help determine the degree of
noise in the obtained images. The contour cross-sectional trace
should be soft and not ‘jagged’

Strengths and limitations

Heidelberg retina tomography allows for rapid and simple opera-
tion and for threc-dimensional representation of the optic neeve
without the nced for pupil dilation. Heidelberg retina tomography
was used in one of the largest glaucoma clinical trials, the Ocular
Hypertensive Treatment Study {(OHTS), and therefore a large
amount of data is available."™!!

Limitations of the HRT include the use of a reference plane that
depends on the contour line drawn by the operator. Measurements
might be affected by the blood vessels. The nasal border of the
nerve can be difficult to identfy given dhat blood vessels can
appear crowded in this area and obscure the disc’s edge. Confocal
scanning laser ophthalmoscopy is appropriate for scaning the ONM bixs
not the macula or RNFL.

Substantial inter-observer variability exists among HRT param-
eters, depending on the placement of the contour line. The most
dependent parameters were tim volume and disk area and the least
dependent were mean height contour and cup shape in one study.'

Higher rim measurements obtained from HRT optic nerve
analysis compared to planimetric evaluation of disc photos are
thought to be in part a result of blood vessel inclusion as part of the
disc. "% These limitations are secondary to potential errors in the
delineation of che necve done by the operator. The GPS analysis
bypasses this problen1. Early studies regarding the reliabilicy of GPS
analysis and its comparison with conventional HRT-MRA analysis
are available.'> 17

Heidelberg retina tomography’s capabilicy of discrinuna-
tion between normal and glaucomatous patients has been tested
ut the past, and paramecers were compared o search for the best
discriminating parameters. Among the best parameters were cup

shape measure, rim area and cup volume."™'? Nevertheless, com-

bining parameters can render the strongest discrimination berween
groups. Different methods have been designed to analyze the data.
Mikelbergs discriminating analysis and MRA are part of HRT
software. Moorfields regression analysis can discriminate glaucoma-
tous nerves from normals with 84.3% sensitivity and 96.3% spe-
cificity.2%2' Sgill, the HRT will occasionally call a severely damaged
optic nerve normal or a normal optic nerve abnormal.

Heidelberg retina tomography tends to overestimate rim area in
small aptic nerves and to underestimate rim arca in large nerves.
So on cither extreme of disc size range, care should be tken when
analyzing these scans.

New developments

The latest generation is HRT 3. HRT 3 includes the same MRA
classificadon as HRT 11, but it is based on a larger, more diverse
normative database. It also assigns a GPS to the opuic nerve disc.
The GPS 15 based on three optic disc parameters and cwo RINFL
parameters. A three-dimensional optic nerve is constructed and
compared to preconstructed models of normal and glaucomatous
nerves and a GPS 1 assigned to the nerve being cested. This analy-
sis is independent of optic nerve contour delineation.

Testing from the patient’s perspective

The patient’s experience is similar to that of having a slic lamp
exam and definitely more comfortable than having a fundus photo
taken. The luminance of the diode laser is 100 times lower than the
luminance of a digital fundus flash camera, The diode laser used in
HRT is safe to the eye. A typical imaging session can be completed
in less than 7 seconds,

OPTICAL COHERENCE TOMOGRAPHY (0CT)

Optical coherence tomography (Cad Zeiss Meditec, Inc., Jena,
Germany), developed in 1991,°22% is an imaging technology that
performs high-resolunion, cross-seciomal unaging of the ONH,
RNFL and macula, It measures the intensity and echo tme delay
of back-scattered and back-reflected lighs from che scanned ussues
{Fig. 14-8). Optical coherence tomography is analogous to ulra-
sound B-mode imaging, the difference being that the former uses
light and the latter uses sound. It is based on the prnciple of low
coherence mterferometry and the ability to differentiate retina lay-
ers depending on the differenc time delay of their reflections.

A super lwminescent 820 or 850nm diode laser beam is the
light source directed to 2 partially reflecting mirror that splits the
light into two beams: one is dirccted towards a mirror placed at
a known distance (refecence mirror) and the other is directed towards
the eye, from where it will reflect back. This back-reflected lighe
will consist of multiple echoes, with information about che distance
and thickness of the different intraocular tissues. The back-reflected
light from the cye is combined with the back-reflected light from
the reference mirror and coherent light is compared. Interference
is produced when ewo light pulses coincide. The reference mirror
is then moved so that the time delay of the reference hght pulse
can change accordingly and therefore other intraocular structures
can be measured (Figs 14-9 and 14-10). The laser beam 15 panned
throughout the tissue and a series of scans are obtained in the man-
ner exphined above, until a two-dimensional map is created based
on the interference signals detected. The map is color coded in a
way that white and red represent areas with high reflectivity and
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blue and black represent areas with low reflectivity. High reflectivity
layers include the nerve fiber layer, retinal pigment epithelium
(RPE) and choriocapilaris. Low reflectivity layers or tissues include
the photoreceptor layer, choroids and pockets of flnd.

Unlike other machines, OCT has the ability to scan three dis-

— i

and the macula (Fig, 14-11), Optical coherence tomography has
the best axial resolution of all the imaging devices presenred here.
OCT 3 has a resolution of 8-10 microns and the larest Ulcra-high
resolution has an impressive axial resolution of 3-4 microns. On
the other hand, transverse resolution is linuted secondary to the

tinctive ocular structures: the peripapillary RNFL, the optic nerve,  lunited number of sampling points obtained by OCT. Different

r
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Fig. 1410 Thisis a diagragm of the fiber-optic interferameter in the OCT
imaging system. Low-coherence supeflum:nescent diode is coupled into an
optical fiber and directed into an opticat fiber coupler (beam splitter), where
one fiber forms the measurement path and the other the reference path.
The fiber in the measurement path is connected to a clinical imaging device.
such as a fundus camera of 3 slit-lamp biomicroscope

(Adapted from Schuman JS, Putiaito CA, Fujimeto JG: Everyday OCT a
handbeok for clinicians and technicians, NJ, USA. Slack Inc., 2006 ¢

Fig. 14-8 OCT Stratus.
{Courtesy of Zeiss Meditec, Inc., Jena, Germany}

Light source

Reflected
measurement beam

Fig. 14-9 Law-coherence interferometr
splits the light into two beams: one is dir

y system used in OCT, A superluminescent 850 nm dipde
ected towards a mirror placed at a known distance

laser beam 15 directed to a partially reflecting mirror that
{reference mirror) and the other is directed towards the eye, from

intraocular structures be measured.
{Adapted from Schuman IS, Puliafite CA, Fujirnoto JG: Everyday OCT: a handbook for clmcians snd technicians, NJ. USA Slack Inc., 2006.)%
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genemions of OCT exist OCT 1, OCT 2, OCT 3 or Scratus
OCT, and OCT Spectral {Fig. 14-12); Newer technologies include
spectral domiain and fourier domain OCT; these show higher reso-
lution than previous OCT versions.”

DIFFERENT SCANNING MODALITIES

Peripapillary scan

This consists ©f 2 3.4 mm circular scan that is used to measure the
thickness of the RINFL.A RINFL curve is obtained by ‘opening up’
the circular scan. The IUNFL curve stares wich the temperal quad-
rant and continues clockwise in the right eye and counterclock-
wise in the left eye. The RINFL thickness values are provided for
the four quadrants {temporal. superior, nasal, and inferior) and for
12 clock hours. Tested optic nerves are classified as wichin normal
limits, borderline or outside normal limits, after comparing their
ILNEL thickness values to those of che normative database. The
outcomes ace also color coded. Green means within normal himits,
yellow, borderline, and red, ouside normal limits. Clasafication of

RINFL chickness is assigned to all secrors and clock hours of the
nerve but an average RINFL is also established.

Macular scan
This consists of six linear scans in a spoke pattern configuration.
The linear scans arc spaced 30° apart.

The Jength of che linear scans can be 3mm or 6 mm. The longer
6 scan is more commonly used. The *fast macular scan’ utilizes
128 A-scans for cach radial linear scan. It is possible to choose 256
and even 312 A-scans. Variability of measurements might decrcase
by using more sampling points (more A-scans), but the time of the
test mighe increase as well, which could uliimately couse errors 1n
image regiseration by jeopardizing the patient’s ability to maintant
fixatdon. A color-coded (blue represents thinner retina and yellow-
green-red represents thicker retina) macular thickness map and
a map with quantitative measurements in nine sectors is derived
from the macular scan. The map depicted is a cross-sectional map
along one of the six radial scans (3 small map will show which axis
is being analyzed}.

Fig. 14-11 Different OCT scanning modalities. (A) Linear
scan used in macular scan, (B) fast macular scan; {C)
circular scan of RNFL; (D} near scan used in ONH scan.
{Courtesy of Zeiss-Meditec. Inc., Jena, Germany)

Macular Siz ij an

ra ne
Jean scans

Threoe
RNFL 1.73mm
Scan radius circle

scans
Optic Six 4mm
Nerve Head radial line
Scan scans

$Slratus OCT

tA)

Spectral Domaln (UHR) OCT

SRR Ll

&)

Fig. 14-12 (A) Stratus OCT image of macuta area. {B) Spectral domain OCT image of macular area Note higher resolution and clearer delineaton of ret nal

layers compared to Stratus OCT
(Courtesy of Zeiss-Meditec. Inc.. Sena. Germany)

.
Several new devices from different manufaceurers were appearing on the market as this baok gees to press. The superiotiry of these higher resolution devices for

chmeal purposes reniains to be demenstraced.
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Fig. %4-13 OCT RNFL thickness
average analysis report {A) Type of
report. (B) Patient information, (C)
RNFL thickness graph with color-coded
narmative database. (D) Clock-hour
thickness (top) and quadrant thickness
{bottom) (€} Fundus image showing
scan placement (top}and single OCT
scan {bottom}. {F) Signat strength.

(G) Overtay graph of RNFL thickness
for bath eyes. (H) Scans included in
analysis. {I) Measurad parameters,

1
JnEEmn

(J) Percentites for normal distribution
{K} Physician interpretation.

{Adapted from Schuman JS, Puliafito

CA, Fujimoto JG; Everyday OCT. a

Phytecan Pahology Databess 0708 handbosk for clinicians and techricians,
— NJ, USA, Slack Inc., 2006 )%
ONH scan Comparison of three scanning areas has been done. Stracus OCT

The same “star” or *spoke’ pattern scan vsed ro scan the macula is also
used to scan the ONH. Each line measures 4 mm i this lincar scan.
Opticai coherence tomography autonmatically defines the ONH
margin as the endings of the RPE, which are niarked by a blue
cross. A straight line 15 drawn connecting these crosses. A parallel
line is drawn 150 nucrons anterior to this line. This line is analogous
to the reference plane described in HRT. Anything above the line is
considered rim and anything below is considered <up.

Fast scans

These are avatlable with OCT 3, They are time efficient, obtained
in 1.92 seconds. Accuracy of the scan is mproved secondary to
reduction of error caused by the patients movement or loss of fix-
ation. Resolution 1s lower, All three structares (RNFL, macuia, and
ONH]J can be scanned using the ‘fast-scan’ modalicy.
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(OCT 3) demonstrated reproducible measurements of RNFL,
macular and ONH parameters in one study.?® Inn a comparison for
detection of glaucoma damage, OCT ONH and RNFL parameters
proved o be superior than macular parameters in discriminating
normal from glaucoma patiencs, 2

COMPONENTS OF THE OCT REPORT

RNFL thickness average analysis

The printout includes R NFL thickness curves for both eyes. The
RNFL curve 1s drawn as a black line on a graph featuring thickness
in microns and different areas of che peripapillary RINFL: temporat,
superior, masal, and inferior. The RNFL curve 15 drawn over a back-
ground of color-coded (green mcans within normal limits, yellow
means borderline and red means oumside normal lemits) shaded
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A Wm&?m Tabular Oulput Report - 4.0.4 (0673}
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Scan Type:  Fasl Macuier Thicknans Magp
B ScanDste: 1111732005
ScanLengi 6.0 mm
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Fig. 14-14 Retinal thickness tabular
oulput report. (A) Type of report.

(B) Patient and scan information.

{€) Fundus image and single OCT scan.
(D) Diameters used for thickness map.

J [ o0 [ scnsused | 1.2.3.4.5.6

Poscerthe : (E) Thickness and volume parameters.

: (F) Signal strength. (G) Color-caded
thickness map. (H) Thickness map

with normative data. {I) Percentiles for
normal distribution. {J) Scans included in

b;ﬂ&&»m

the analysis. (K) Color-coded thickness

scale. (L} Physician interpretation.

Physician;  STAMPER UCSF {009)

(Adapted from Schuman JS, Putiafite CA,
Fujimoto JG: Everyday OCT: a handbook
for clinicians and technicians. NJ, USA,

Slack Inc.. 20063

areas representing RINFL thickness classification according to the
normative database, A normal RINFL curve will have the charac-
teristic ‘double hump’ appearance with the superior and nferior
RINFL being thicker than the nasal and temporal RINFL.The peri-
papillary RNFL is divided into 12 clock hours and into four quad-
rants. All are classified in a color-coded manner. A photo of the
retina whale the scan was obtained is also shown in the printour.
The circular scan appears in the picture and its centration aver the
ONH can be corrobarated. Centration is important for accurate
thickness measurements of all quadranes. A false color cross-sec-
tional image is shown for both eyes with signal strengths specified
for each image. The average thickness is calculated for both eyes
and i appears at the bottom of the thickness measurement table.
The thickness values are color coded as well. Studies have been
done to assess the reproducibility of these values, Schuman et al.?

tound 2 SD of 10-20 microns tor che average RNFL thickness and
15-30 nucrons for the clock-hour measurements (Fig. 14-13).

Macular analysis

A retinal thickness analysis and a retinal map analysis can be
obtained from the macular scan data. The retinal thickness print-
out provides a cross-sectional image of the retina along a specific
axis of scan {indicated in the printowt), signbl strength, and a chick-
ness chart with background shaded areas representing the norma-
tive database. A retinal chickness measurement s also provided.
The retinal map analysis also provides a cross-sectional mage and
includes bwo maps, one with quaheative and another with quantita-
tive thickness measurements. Measurements for nine macular sectors
are shown as well as thickness measurements for the center of dhe
scan and the total macular volume (Fig. 14-14).
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Optic nerve head analysis

A false color cross-sectional image of the optic nerve head is pre-
sented and is overlaid with two horizontal lines: one connects the
edges of the RPE together and the other represents the reference
plane. Tissue Jocated above the reference plane and within the
edges of the RIE s considered neurorerinal rim, and tissne below
the reference plane and within the edges of the RPE 15 considered
cup. The area corresponding to the rim is colored in red, the con-
tour is traced in green and the edge of the ONH, which is defined
automatically by the OCT as the termination of the RPE is traced,
in yellow. Such contours of the optic nerve are drawn beside the
previous image. Information on all six radial scans is used for
the contour of the ONH. One of the radial scans is yellow and
it represents the axis of the cross-sectional image 1n the printout
[Fig. 14-15).
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QUALITY ASSESSMENT

* Penpapifiary circudar scan centration: decentration of the scan can
account for inaceurate measurements of RINFL thickness. For
example, if the cirele is displaced inferiorly, the superior sector
will be thicker than if the scan was centered and the inferior
quadrant might be measured thinner than the real thickness. The
RINFL that is closer to the disc will be thicker than further way.
Signal sirength value: the manufacrurer suggests a signal strength
not lower than 5, Signal strength equal to or stronger than 6 is
considered to indicate good quality.

Hamagenciry of the RNFL sean: loss of reflectivity in the scan is
less than ideal and can affect the overall qualicy.

OCT algorithn: the RINFL is usually shown in between two
white lines thar delincate its anterior and posterior borders.
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Fig. 14-16 Example of algarithm fallure of the macular
scan, as evidenced by disrupted image (»).
(Courtesy of Zeiss Meditec. Inc.. Jena, Germany)

Samtetimes, in poor quality scans, the white lines fail to follow
the limits of the RINFL and a *dropout’ is seen in the cross-

sectional image (Fig. 14-16).

STRENGTHS AND LIMITATIONS

Optical coherence tomography is the most versatile ancillary imag-

Limitations wclude its normative database, and its limited sam-
pling density that reduces its transverse resolution. Of note is chat
a newer generation of OCT (Spectral OCT) will provide higher
resolution and three-dimensional images. Another limitation is that
OCT data are originated from one sct of scans and not a series
(three) of sets of scans as in HRT. And unlike the HRT 3, currenc
OGCT devices have not yer developed robust programs for the lon-
gitudinal evaluation of glaucomatous progression..

ing test used in ophthalmology. It has the best axial resolution of all

imaging devices and provides images of such high resolution that

TESTING FROM THE PATIENT'S PERSPECTIVE

cross-sections of tissues can be compared to histopathology slides.

It is also the only sechnology capable of imaging the RNFL, macnla and
ONH. Compared to HRT, OCT is obraimng thickness measure-
ments and not height measurements. Insofar as OCT macular
imaging has opened the doors to a beteer understanding, diagno-
sis and follow-up of innumerable retinal pathologies assessment
of che macular region by OCT holds promise in detecting early
glaucomatous changes as well. 2® As with the other devices. it 15 a
Machine that is casy to operate, safe and can obtain images without

Pupillary dilation

Paticues will be asked o place their chin in the chin rest and fore-
head againse the headrese. Again, the exam feels similar to the sht-
lamp exam. The pacient will see difterenc hght pateerns as the OCT
comes mto position for the scan: glowing red scan pattern, red
landmark spot and grecn fixation target. I€ the patient has a cana
ract, he or she may perceive the green hghe as being white or yel-
low. There is the option of uting an external fixation wand for the
fellow eve which is useful when the eye being scanned is blind and
cannot hold fixation with the internal light.
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Fig. 14-17 Change analysis with HRT
(A) Trend analysis: several parameter
are plotted over time giving a

linear indication of progression.

(B} Alternatively. tapographic change
analysis (TCA} ¢an be used to evaluate
for glaucoma progression. Change
probability maps with red or green
over the optic nerve image indicate
change in topography having significar
Pvalues. Red means depression and
green elevation. Note that for the same
patient, trend analysis appears stable

LONGITUDINAL EVALUATIONS

To assess change over time, HRT uses what is called the topographic
change analysis or TCA.? This is 2 stanstical method to compare
tepographic values of superpixels over time. It calculates the proba-
bility (P value) of the difference in height values berween ewo time
points to be caused by chance alone. A high P value (P> 0.05)
would indicate high probability of the change to be caused by
chance, and a low P value (P < 0.05) would mean that the change
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but rim seems o be depressed.

did not occur by chance. Topographic change analysis is autonati-
cally done after the third scan is obtained: one baseline and two
follow-up scans. The analysis is made with raw topographic values,
so it is independent of disc contour delineation. The display occur;
as a change probability map with the refectivity maps overlaid with
colot-coded superpixels that had significant P values of change.
Red means depression and green means elevation (Fig. 14-17).

The RNFL thickness longitudinal evaluation with OCT has
been explored in recent studies. Wollstein et al compared the abilicy
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Fig. 14-18 In the retina, the parallel arrangement of the microtubules

in retinal ganglion cell axons causes a change in the polarization of light
passing thraugh them. The change in the polarization of light is called
retardaxtion and it can be quantified. The retardation value is proportionate
1o the thickness of the RNFL.

of peripapillary RNFL measurements obrained by OCT, visual
fields and clinical assessment of detecting progression in gliucoma
suspects and gliucoma paticnts.”” Investigators found chat a greater
likelihood of glwcomatous progression was identified by OCT
versus automated perimerry.

SCANNING LASER POLARIMETRY
GDX

Scanning laser polarimetry is an imaging technology that is utilized
to measure peripapillary RINFL chickness, It 1s based on the princi-
ple of birefringence. The main birefringent intraccular tissues are the
cornea, lens and the retina. o the retina, the parallel arrangement
of the microtubules in retinal ganglion cell axons causes a change
in the polarization of light passing through them. The change in
the polarization of light is called retardation, which can be quanti-
fied, The refardation value is propornonate to the thickness of the
RINFL (Fig. 14-18). GDX is the device thac utilizes this technology.
The latest generation 15 the GDX variable corneal compensa-
tor (GDX VCC. Carl Zeiss Meditec; Jena, Germiany, and Dublin,
California) (Fig. 14-19). This device also uses a diode laser (780nm)
1o obtain measurcments along a 13 X 15 area of the retina. The
scan is obtained by the use of an ellipse that mwust be centered over
the ONH a5 seen in the reflectance map. Daca from the scanned
arca are displayed as 2 256 X 256 pixel color-coded grid, represent-
ing different levels of reardation and therefore RINFL thickness, A
retardation map and a deviation map are included in the printout.
VCC stands for variable corneal compensator, which was created
™ account for the variable corneal birefringence in patients. It uses
the birefringence of Henle's layer in the macula as 2 contol for meas-
urement of corneal birefringence. Burefringence around che fovea is
known to be uniform and arises from Henles layer. Scanning laser
polarimetry of the macula with no compensation for the anterior
segment gives rise (0 a non-uniform pattern at the fovea due o bire-
fringence of the cornea, and the hourglass patcern indicates the axis
and magnitude of the uncorrected cornea birefringence (Fig, 14-20).

Fig. 14-19 GDXVCCimaging unit.
{Courtesy of Zeiss Meditec, Inc., Jena, Germany.)

(B)

Fig. 4-20 Birefringence around the fovea is uniforr and arises

from Henle's layer. When a ‘how-tie' or ‘hourglass shape 1s seen

around the fovea, this represents corneal birefringence. The baw-tie's
magnilude and axis is representative of corneal birefringence,

{A) Depicts an example of corneal birefringence before compensabion, and
(B) shows the d ssapearance of the bow-tie after corneal compensation
has been made
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Distribution of comeal polarization axas

Fig. 16-21 Vaniability in magnitude and axis of corneal birefringence is
significant and therefore therg is the adva ntage of using a variable corneat
compensator (VCC) as opposed to the Previous fixed corneal compensator,

The VCC was incorporated after noticing a large variabiliry in
corneal birefringence among different patients and acknowledging
the fact that a fixed generic corneal compensator was not going
to suffice (Fig, 14-21). An enhanced corneal compensator (ECC)
with some improved features over VCC s currently being tested.
One vecent study reported thar ECC significantly reduces the fre-
quency and severity of atypical birefringence patterns compared
with VCC and improves the correlation between RINFL measures
and visual function.™

Components of the GDX report

\. Patient dota and quality seorc: the patient’s name, date of birth,
gender and ethnicity are reported ac the top of the princout, An
1deal quahty score is from 7 to 10 (Fig. 1422,

2. Fundus image: it is a reflectance iage of the posterior pole
that measures 20° by 200 (Fig. 14-23). GDX VCC obtains more
than 16000 data points to construce this inage. During the scan-
ning process, this image serves to evaluate the quality of the scan
before moving forward. Also, the operator centers the cllipse over
the ONH in tlus image. The ellipse size is defaulted to 3 small set-
ting buc mampulaung the caleulation circle ean change the size
of the ellipse. The calculation circle is the area found between the
two concentric cirgles, which measure che tempaoral-superior-
masal-inferior- temporal {TSNIT) and nerve fiber indicator (NFI)
parameters. By resizing the calculation circle and ellipse, the opera-
tor is able to measure beyond a large peripapillary atrophy area, for
example (Fig. 14.24).

3. RNFL  thickuess map; chis 35 2 color map depicting che
different thicknesses of peripapitlary RINFL (see Fig. 14-23).
It represents the rerardation level of the different scanned points.
Hot colors like red and yellow mean high retardation or thicker
RINFL and cool colors like blue and green niean low retardation or
thinner areas. A typical scan patteen is chas one with thicker RINEL
superiorly and inferiorly, like a vertical bow-tie (Fig. 14-25),

4. TSNIT gpraph: this graph demonstrates the patients RINFL
thickness as a black line drawn over a shaded area of nornmality
based on a normative database of over 510 eyes. This graph is based
on data points within the ealculation circle,

5. TSNIT symmctry graph: this graph averlays the individual
TSNIT graphs for the right and [efe cye.

6. TSNIT conparison sraph and sevial analysis graph: these graphs
compare two or more scans of the same eye obtained on different
visis. These graphs do not appear on the regular printout.
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7. Deviation from normal map: this map shows how the patient’
RINFL thickness compares with the values derived from the nor
mative database. Color-coded squares indicate the amount of devi-
ation from normal at each given location A color legend defining
statistical significance of deviation from normal appears 2t the bot
tom (see Fig. 14-23),

8. TSNIT paramcters: these are computed from the ealculation:
circle dara and are compared to the normative database. They are
abso color coded based on different J* valyes. The parameters are
TSNIT average (average thickness values within the ealculidon
circle), superior avernge (average of pixels in superiar 120° of the
calenlation circle), inferior average (same as above, bue along the
inferior 120°), TSNIT standard deviacion and inter-cye asymmetry

9. Nerve fiber indicator (NFI): the NEI is an indicaror of the like-
lihood that an eye has glancoma. It js a proprietary value, so it
exact origin has not been published. Daca wichin and outside the
calculation circle are used to generate the NFI value. It is a numbe;
between O and 100. The higher the NFI, the more likely ¢he
patient has glaucoma. The GIDX manufacturer offers the followiny
as a guideline on the NFI interpretation;

* <30:low likelihood of glaucoma

* 30-50: glaucoma suspect

* >50: high likelthood of glaucoma.

Quality assessment

* Appropriate focusing and illumination of the retinal area being
scanned is necessary.

* The ONH must be inside a black square while obeaining
the scan.

* Presence of motion artifaces can decrease the quality of the scan.
These are sometimes noticed as black recrangles at the edges of
the scans or lines along the vessels.

* The elitpse must be centered over the ONH. Centration 1s
usvally more important chan adequate size,

¢ The scan will provide a ‘quality score” A score between 7 and 14)
is ideal. The device will akgo provide ‘'OK’ for alignment, fixation
and refraction (Fig, 14.26).

* Presence of atypical scans in the recardation map. A rypical
scan should have che thicker bundles along the vertical axis,
where the RNFL is thicker. The pattern of 3 normal RINFL
should be that of a vernical bow-tie. An atypical scan is one
where the overall chickness 15 increased, where the thickness
axis is tilked or where the thickness is along radial les through
the peniphery of the scan. An objective way to evaluate atypical
scans is with a support vector machine, which assigns a typical
$Can score.

Strengths and limitations
GDX allows for rapid and simple imaging of peripapillary RNFL
Good meractive features to assess for qualicy of the image are
included in the software. As with the previous technologies, nu
ppillary dilation is necessary. This device can only provide [UNFL
data. Corneal surgery will induce error in the measurements, but
these should be corrected by VCC. On the other hand, maculir
pathology is likely to impede GIDX scanning, given that VOC cal-
culation is dependent on an ineace Henles layer. The NFI or likeli-
hoad score for having glaucama is o proprictary value and cannot
be independently validated.

Studies have been published denmonstrating GIDX reproducibilicy
and wse in glaucoma evaluacion, bue nose of the published studies
were done with the fixed corneal compensator used in the eardicr
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Fig. 14-22 GDX printout (A) Patient
and quality information. (B) This
shows the reflectance image and a
table with temporal-superior-nasal-
inferior-temparal (TSNIT) and nerve
fiber mdicator (NF1) parameters for
each eye. (C) This consists of the
retardation or RNFL thickness maps.
which are color coded with hot colors
representing thicker RNFL. (D) These
are the dewviation plot maps. Each small

square is color coded and represents
deviation from normality. The color

i w represents the P value for abnormal
E o - points, (E} TSNIT and TSNIT symmetry
i 1 " maps show the patient’s RNFL curve
[P s - o or curves against a shaded area
| \ o - representing the normative database
_:/V\.\'l’\/ "i— ° M ® (F) Space for physician inerpretation
o JV\ P ” Note the asymmetry between rightand
! . ok left eye, with the left eye having a much
[y — thinner nerve fiber layer.
LS LTI SR {Courtesy of Zeiss Meditec, Inc., Jena.
Germany.)

generation of DX ¥ Reports do exist evaluatmg GDX VCC
in different circumstances, such as presence of peripapitlury atro-
phy® or in comparison to HRT and OCT.* *

Testing from the patient’s perspective

The patient will be asked to place his or her face into the ‘mask’ of
the GIDX. The patient will see a field of thin red horizontal lines.
On one side of the field, the patient will see shore, bright, blinking
red horizontal lights similar to an equal sign. That is the patienc’s
fixation target. The scan acquisition takes less than 1 second.

CONCLUSIONS

Glaucomatous changes can affect the optic nerve structure and
its function. For the most part, opiic nerve seructural changes fre-
quently precede functional changes. Thus the ability to detect
early glancomatous structural changes has great potential valug in
delaying and avoiding progression of the disease. This chapeer has
reviewed the most important imaging devices currently (2007
used in the evaluation of glaucona. They have been of enor
mous value in the comprehension and evaluanion of glaucomatous
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Fig. 14-23 Different peripapillary images in GDX report. From left to right: reflectance image with the ellipse centered on the disc. retardation or RNFL

thickness color map and deviation plot.
(Courtesy of Zeiss Meditec. Inc.. Jena, Germany)

[ores ]

Ellipso Diameter:
Hoslzentsl ] = 1396 pm
Vertical M = 1582 pm

Fig. ¥4-24 Operator's scraen during GDX scanning of a patient. The operator places the ellipse over the ONH. it must be centered appropriately. The
calculation cirele is the area between the twa concentric circles and it can be modified by the operator. Manipulating the calculation circle allows for resizing of
the ellipse. TSNIT parameters are derived from measurements of RNFL within the calculation circle and NFI parameters are derived from RNFL inside and
outside the calcutation cirde.

(Courtesy of Zeiss Meditec. Inc. Jena. Germany)

disease during the last couple of decades. Some of these have been
used as ancillary tools in relevant clinical crials.

Despite their advantages, there are important limitanons. None
of these devices has the ability to specifical y capture all che
nuances of appcarance available in stereoscopic photographs of the

(A} (B) disc, and which can serially be examuined by the chnician with 2
Fig. 14-25 Typical and atypical GOX scans, Typical scans will show a low-tech light box. Given the rapid and unprediceable mnovation
vertical bow-tie, with thicker RNFL (hot colors) superiorly and inferiorly in preferred and compatible technologies of optic nerve 1maging

such as the scan seen in (A). (B) is an example of an atypical scan, showing which may make eartier studies uninterptetable a decade hence -
increased overall thickness. many clinicians would do well to obtain baseline disc photographs
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Fig. 14-26 Image quality check screen while scanning a patient with GDX.
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