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The use and interpretation of various investigations in Glaucoma is a challenge for most
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laucoma is the leading cause of irreversible blindness in India, affecting nearly 12 million

people. The main challenge in glaucoma facing our country is that nearly 90% of glaucoma in

the community is undetected and there is an inadequate training for making an accurate
diagnosis of glaucoma. The current publication under the aegis of the All India Ophthalmological
Society (AIOS),is aimed at this unmet need for helping the general ophthalmologistin the diagnosis of
glaucomaand imparting education on the judicious use of new technology.

The text covers the basic systemic and ocular diagnostic tests required during the work up of a
glaucoma patient such as gonioscopy, intraocular pressure, evaluation of the optic nerve head and
standard automated perimetry. In addition this manual includes clinical utility of new tests for
structure - GDx, HRT, OCT, UBM with case studies and special techniques of perimetry like SWAP /FDP
for early glaucoma detection. The role of imaging in diagnosis and progression of glaucoma is
critically reviewed.

The key to making an accurate diagnosis of glaucoma lies in performing a careful gonioscopy to look
for irido-trabecular contact and a dilated stereoscopic evaluation of the optic nerve head to pick up
early signs of RNFL/Neuro-retinal rim damage. The Goldmann Applanation Tonometer remains the
most accurate and reliable instrument for measurement of IOP, however multiple IOP readings are
essential to evaluate the timing of peak IOP and also the IOP fluctuation. It is important to perform
atleast one test of structure and one test of function at the time of diagnosis and repeat these at follow
up visits to look for progression. If expensive instrumentation for evaluating the RNFL/Disc are not
available, taking a disc photograph is sufficient. The use of newer tests for structure and function
require additional training and should not be used as the sole criteria for diagnosis and initiation of
therapy. These tests can be affected by a number of factors such as disc size, nuclear opacification,
pupil size, posterior capsule opacification, tear film abnormalities etc and the technician performing
these tests has to go through a rigorous training to understand the requisites for capturing a good
quality image . If the test results do not match the clinical findings, it is better to repeat the test
yourself, rather than rely on the printout given to you. It is important to understand that no
instrument can perform better than what your eyes can see and the brain can decipher. However in
the hands of the experienced ophthalmologist who knows the advantages and limitations of each
technology, clinically useful information can be derived from these tests and put to use for the benefit

of the patient.




If disc photography is not possible, a diagram of the optic nerve head should be made in the patient
file, noting the vertical CD ratio. A diagnosis of glaucoma should not be made on the basis of a single
visual field as there is a learning curve while performing standard automated perimetry. Atleast 2/3
baseline visual fields (Standard Automated Perimetry-SAP) are required and repeat testing may be
done at 3/4 month intervals upto 2 years of diagnosis to determine the slope of progression, after
which the test may be repeated at 6-12 months intervals depending on the stability of the disease
process.

The tests of structure (OCT, GDX, HRT) are required for detection and quantification of Retinal Nerve
Fiber Layer (RNFL) loss and Optic Nerve Head (ONH) damage, since RNFL/ONH damage often
precedes changes in the visual field and defects on SAP appear after 25-40% of the RNFL has already
been damaged. It is important to understand that there is a wide variability in the number of retinal
nerve fibers and size/shape of the optic nerve head. Hence if any of these tests detect an abnormality,
it just means that the result is outside normal limits of the data base of the particular instrument. In
case of an abnormal result, the image quality should be checked and the test should be repeated to
check for consistency. A word of caution is advised before interpreting results of these investigations
in patients with lenticular opacification as it may lead to under-estimation of the RNFL thickness and
it is better to establish a new baseline after cataract surgery.The diagnosis of glaucoma is not made
simply by finding an abnormal test but by demonstrating a "progressive change over time" in the
RNFL/ONH parameter being evaluated. Early in the course of glaucomatous disease, use of structural
tests to document progression is better than functional testing (SAP), while in advanced cases
monitoring progression on perimetry is a better option. Another issue which is often debated "Out of
these imaging devices which one should I buy ?" Although the three instruments (HRT, GDX, OCT)
perform equally well in published literature , the Spectral Domain OCT seems to be emerging as the
winner as it allows a high resolution imaging of the RNFL, ONH and macula (including the ganglion
cell complex), in addition to imaging of the anterior chamber angle and is financially a better option
with its use in retinal diseases in a general ophthalmic practice. The tools for anterior segment
imaging (ASOCT and UBM) are especially useful for quantification of the anterior chamber angle,
imaging in eyes with corneal opacification, evaluation of glaucoma surgery and diagnosis of plateau
iris (UBM).

[ hope that the practical information provided in this AIOS publication will go along way in improving
the standard of care for glaucoma patients in India and help in alleviating the blindness cause by this
“silentkiller”.

Tanuj Dada
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GONIOSCOPrY

The term “gonioscopy” is derived from the Greek words go'né (angle) and 6s'k-pé (view). It is a clinical
biomicroscopic technique of examining the angle of the anterior chamber of the eye with the use of a special
contact lens known as the gonioscope. It was Alexios Trantas in 1907, who first visualized the angle in a living
eye, in a case with keratoglobus by indenting the limbus and also coined the term gonioscopy. The Goniolens
was introduced by Salzmann, father of Gonioscopy, in 1914 and the Gonioprism by Goldmannin 1938.

It is not possible to view the iridocorneal angle of the normal eye directly, because light from the angle strikes

the cornea at an angle of incidence > 46°, which is the critical angle (cornea-air interface) for total internal
reflection. Thus light rays coming from the anterior chamber angle exceed this critical angle and are reflected
back (Figure 1.1) into the anterior chamber, thereby preventing visualization of the angle. A gonioscope
facilitates examination by obviating the air cornea interface (Figure 1.2), thereby allowing light from the angle
to exit the eye. Since the index of refraction of the contact lens approaches that of the cornea, there is very little
refraction at the interface between these two media, which eliminates the optical effect of the front corneal
surface.

L=

i w . “

Fig 1.1 Total internal reflection Fig 1.2 Gonioscope over the cornea

Gonioscopy is an invaluable tool in diagnosing and planning management for glaucoma cases. The purpose of
gonioscopy is to view the drainage system of the eye (trabecular meshwork) and determine the cause for
elevated IOP. One of the most common indications for performing gonioscopic examination is to identify angles
at risk of closure and distinguish between primary angle closure disease and primary open angle glaucoma.
Other critical usesinclude diagnosis of neovascularization of the angle in eyes with retinal ischemia (eg. CRVO).

Otherdiagnosticindicationsinclude the following (Table 1):

Table 1:Indications for Gonioscopy

Diagnostic
o Classification of glaucoma—open angle or closed angle
o To assess the anterior chamber angle recess and risk of angle closure
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o Toidentify plateauiris

o To note the presence and extent of neovascularization of angle
o Assessment of abnormal angle pigmentation

o Visualization of pseudoexfoliative material inthe angle

o To look for post traumatic angle recession, cyclodialysis

o Rule out foreign body inthe angle after open globe injury

o Neoplasticinvasioninto angle structures (ciliary body tumour)
o Diagnosis of blood inthe Schlemm’s canal (raised EVP)

o To view copper deposition on Descemet’s membrane (KF ring)
o Evaluation of trabeculectomy fistula

o Visualization of glaucoma drainage devices

o Todiagnose anteriorinsertion of irisin developmental glaucoma
° Visualization of congenital anomalies—aniridia, iris processes

Therapeutic

o Laser trabeculoplasty / goniophotocoagulation

o Goniotomy/gonioplasty/trabectome surgery

o Reopening of a blocked trabeculectomy opening

o Nd-YAG laser after deep sclerectomy

o Laser of suture tied around tube of a glaucoma drainage device

o Indentation gonioscopy to break an acute attack of angle closure

Gonioscopy should be performed as a part of routine evaluation for all patients visiting an ophthalmologist and
is mandatory forall glaucoma patients at diagnosis and during follow up (atleast once a year).

Gonioscopy is best performed in a dark room with minimal slit lamp illumination and beam height (preferably 1
mm) aimed at the angle, taking care that the slit beam never crosses the pupil and the patient maintains gaze in
the primary position. This avoids pupillary constriction which can lead to artificial opening up of the angle in
eyes with angle closure. If the angle structures are not visualized , a bright wide slit is used initially at low
magnification to identify the angle and then changed to a short-narrow slit. The examiner should wait for
atleast 60 seconds for the light induced change in pupillary diameter before commenting on the angle detail.
Once the gonioscope is placed view the inferior and superior angle without crossing the pupil, turn the beam 90
degrees and then view the temporal-nasal angle. The observer should see if the posterior pigmented
(functional) part of the trabecular meshwork is visible or not. If the posterior part of the trabecular meshwork is
not visible, it indicates that there may be irido-trabecular contact (angle closure) and further
manipulation/indentation has to be done to view the angle and distinguish between appositional versus
synechial closure.

While doing gonioscopy the observer should comment on the visibility of the angle structures and report the
posterior most structure visible. The following key features should be reported:

1. Scleral spur visible or not
2. The width of the angle recess
3. Level of insertion of the iris
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Degree of trabecular meshwork pigmentation

Shape of theiris

Effect of indentation / manipulation on a narrow angle

Presence and extent of peripheral anterior synechiae (PAS).

Symmetry of gonioscopic findings between the two eyes

Other pathologies like neovascularization of the angle, angle recession, silicone oil, foreign bodies,
blood refluxin Schlemm’s canal etc.

R A

Since the main role of gonioscopy is for the diagnosis of primary angle closure disease, four critical questions
need to be answered while performing gonioscopy:

Ql. Doestheiristouch the trabecular meshwork ?
Q2. Isthere any sign of previous irido-trabecular contact (pigmentation)?
Q3. Istheirido-trabecular contact appositional(reversible) or synechial?

Q4. What s the extent of circumferential synechial closure?

Identifying the corneal wedge is the key step in defining the angle structures. By using a thin slit of light inclined
15-20° from the angle of the oculars and sharp focus, projected onto the iridocorneal angle, 2 light reflections
are noted, one from the external surface of the cornea and and the other from the internal surface of the
cornea. These two reflections meet at the end of Descemet’s membrane which is the beginning of Schwalbe’s
line (Figure 1.3 -1.5 ). At this landmark the external and internal reflections of the three-dimensional
parallelepiped of light merge into a two-dimensional single line with a brighter luminance, which extends in a
perpendicular direction across the trabecular meshwork. This method is of great value in lightly pigmented
angles and in angles where there is difficuty in identification of normal landmarks or if there is pigment
deposition anterior to the Schwalbe’s line. However identifying the corneal wedge may be difficult in some
cases. By gently sliding the gonioscopy lens in the direction of the mirror being used, the examiner gains a
better view of the cornea and the corneal wedge. Locating the wedge is easiest in the superior and inferior
anglesasitis easy to generate avertical slit.

Fig 1.3 Corneal Wedge as seen on the slit lamp Fig 1.4 The apex of the Corneal wedge meets posterior to the
through the gonioscope pigmented structure, indicating that this pigmentation is anterior to the
Schwalbe’s line (not the pigmented trabecular meshwork)
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Fig 1.5 Parallelopiped / corneal wedge method of identifying the junction between the external corneal surface
(thick light beam) and the internal corneal surface (thin light beam), which marks the Schwalbe’s line

Whatis anoccludable angle ?

If the posterior (pigmented) part of the trabecular meshwork is not visible in more than 180 degrees of the
angle, thisisknown as an occludable angle.

What type of gonioscope should be used ?

A 4 mirror lens with a diameter less than that of the cornea should be used, so that indentation gonioscopy can
be performed . This is mandatory in the diagnosis, classification and management of primary angle closure
disease. However the use of a Goldmann type lens gives a better and clear view of the angle structures and
facilitates the identification of angle structures, especially duringtraining. Atwo mirror Goldmann goniscope is
a good, cost effective choice for routine use. The ideal standard for practice is to use both type of lenses (Zeiss
type and Goldmann type) as they complement each other.

How to perform gonioscopy in an eye with a steep iris configuration ?
Manipulative Gonioscopy

Manipulation is of value in studying angle anatomy in narrow iridocorneal angles. A more tangential viewing of
the angle aids in identification of angle structures obscured by a convex iris. This can be achieved in Goldmann
type lenses by simply asking the patient to look in the direction of the mirror or moving the mirror towards the
angle being viewed (Figure 1.6-1.9).

The examiner should report the normal angle view in primary gaze and then document the opening of the angle
on manipulation by asking the patient to look into the mirror of the gonioscope, opposite to the angle being
examined. For example if you are examining the inferior angle with a Goldmann single mirror gonioscope, the
mirror is positioned superiorly. After viewing the angle in primary gaze, you now ask the patient to look
upwards, ie. towards the mirror. This allows a better view of the inferior angle as the examiner can look over the
iris and into the angle. If the patient looks in the direction opposite of the mirror, the angle appears narrower
andviceversa.
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Fig 1.6 A steep iris does not allow view of the angle recess Fig 1.7 Manipulation of Gonioscope towards angle being viewed

Fig 1.8 -1.9 Closed angle opening on manipulation

This manipulative maneuver can be facilitated by shifting the fixation light, which is positioned in front of the
other eye, in the same direction as that of the gonio-mirror being viewed. The examiner can produce a similar
effect by moving the lens towards the part of the angle to be examined (eg. By displacing a goniolens inferiorly
when examining the inferior quadrant).

Once the goniolens is displaced inferiorly, the superior rim of the goniolens can be used to indent the central
cornea and force fluid into the angle thereby opening it. However this technique is cumbersome and
indentation gonioscopy using Zeiss type lenses is ideal to confirm degree and type of iridotrabecular contact.
The examiner must never apply undue posterior pressure with the Goldmann type lenses as it would lead to a
narrowing of the angle as the lens exerts direct pressure at the perilimbal region.

Indentation Gonioscopy

This type of gonioscopy requires the use of a special type of gonioscopes known as corneal type goniolenses,
typified by the Zeiss lens. These have a 9 mm diameter corneal segment and a radius of curvature of 7.72 mm
which approximates that of most corneas. This allows the lenses to be used without a coupling fluid, using the
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tear film of the cornea. With the corneal type goniolenses, that have a small diameter, the central cornea may
be indented to force the aqueous out and artificially widen the angle. Because the smaller radius of curvature
allows these lenses to come into direct contact with the anterior corneal surface, central depression of the
cornea will displace aqueous humor peripherally and the iris root posteriorly (Figure 1.10). This technique is
also known as pressure or dynamic gonioscopy. When the iridocorneal angle is optically narrow, indentation
gonioscopy also facilitates the identification of angle structures. Should the angle be closed, indentation helps
differentiate appositional from synechial angle closure. This is important as synechial closure is irreversible,
while appositional closure can be reversed.

When no angle structure is directly visible before indentation, four things can happen on indentation

(Figure1.11):

|5 %

Fig 1.10 Indentation gonioscope placed on cornea
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Fig 1.11 Indentation gonioscopy in an apparently closed angle Fig 1.12 If the angle opens up, it was a case with appositional closure
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Fig 1.13 If the angle remains closed, Fig 1.14 A thick lens with no/mimimal iris movement

indicates synechial angle closure (PAS)
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A) The iris moves peripherally backwards, assumes a concave configuration and the angle recess widens.
This represents an appositional closure with a suspicion of a relative pupillary block (Figure 1.12).

B) The iris moves peripherally backwards, but the periphery of the iris bulges out and does not assume a
concave configuration. This represents an anteriorly displaced ciliary body and iris root, typically seen
in plateauiris.

Q) The angle widens but iris strands remain attached to the outer wall of the angle. This represents organic

synechial closure of the angle (Figure 1.13).

D) The iris moves only slightly and evenly backward, but retains a convex profile. This can occur due to an
anteriorly displaced lens or alarge diameter (thick) lens (Figure 1.14).

Indentation gonioscopy with Zeiss type lenses (Posner, Sussman) is the “Gold Standard” for detecting angle
closure and differentiating appositional from synechial closure.

Special precautions regarding the disinfection of gonioscopes are mandatory as gonioscopy is a contact
investigation which can transfer pathogens from one eye to another. The following steps may be taken to
disinfect the gonioscope after use in a patient.

1. Washing the lens on removal with soap and water.

2. Soaking the lens for 5-10 minutes in a fresh solution of diluted sodium hypochlorite (household,
bleach:water=1:10)

3. Rinsing with sterile water and
4. Airdryingthelens.

3% hydrogen peroxide or 1% formaldehyde can also be used as disinfectants. The inside of the gonioscope can
be wiped for 10 seconds with a sterile swab soaked in 70% isopropyl alcohol. The sterilization of direct
gonioscopes (Koeppe, Swan Jacob etc) used during surgery can be done with ethylene oxide gas sterilization.

TM —— > CBB

There are different classification systems used to grade the angles like
Shaffer, Spaeth, Scheie etc but are not practical for routine use. Simply
the gonioscopy findings should mention the posterior most structure
visible on gonioscopy in the primary position in the superior and
inferior angle. Additionally the examiner may comment on the
estimate of the angle recess in degrees, iris configuration/ insertion
level and degree of pigmentation. Making a diagram of the gonioscopic
findings (Goniogram) can help us to compare our findings on serial
gonioscopic examinations and is also easy to interpret for other
clinicians.

The angle is basically written as superior and inferior angle and the
most posterior structure seen. If manipulation/indentation is done, an
arrow is put and the structure thus exposed is mentioned (Fig 1.15). SS

Fig 1.15 Diagram representing angle structures
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Another method is to draw a goniogram in > PAS

the form of 3 concentric circles. The inner

circle denotes the scleral spur (SS), middle

one is the trabecular meshwork (TM) and » SL

outer one is the Schwalbes line (SL).

Presence of peripheral anterior synechiae > TM

(PAS) or other pathologies like new vessles

(NVI) can be drawn in the corresponding

clock hour as visible on gonioscopy (Fig

1.16) > SS

» NVI
Fig1.16 Goniogram

o Gonioscopy is a contact investigation which causes discomfort to the patient.

o It cantransmit a conjunctival infection to the patient.

o Gonioscopy should not be performed in suspected open globe injury or early in the course of closed
globe injury with hyphaema as pressure can precipitate re-bleed.

o Gonioscopy is difficult in cases of acute angle closure with corneal oedema and eyes with corneal
opacification.

o Excessive pressure while using Goldmann type of lens may artefactually close the angles and while
using corneal type of gonioscopes it may give a open angle appearance in narrow recess angle
configuration.

o Use of slit lamp illumination while doing gonioscopy leads to pupillary constriction and opens
up/changes the angle configuration.

o Gonioscopy cannot objectively quantitate the angle parameters and there is a wide inter-observer
variability .

o Gonioscopy is not useful to identify pathologies behind the iris.

o Indentation gonioscopy can lead to formation of corneal folds, distorting the view of angle structures
and may cause corneal epithelial injury .

o Mastering gonioscopy has a long learning curve requiring regular practice on a large number of

patients.

Gonioscopy remains the “Gold Standard” for evaluation of the anterior chamber angle and should be
performed as a basic test like ophthalmoscopy or tonometry. The following section depicts some characteristic
gonio-pathologies visible on gonioscopy.
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1.17 Closed Angle with no structure visible 1.18 Steep iris configuration with a closed angle

Fig 1.19 Sine wave configuration — Plateau Iris Fig 1.20 Peripheral Anterior Synechiae

Fig 1.21 Broad based Peripheral Anterior Synechiae Fig 1.22 Open Angle
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Fig 1.23 Pigment Dispersion Syndrome Fig 1.24 Prominent Iris Processes
with Sampaolesi’s line

1.25 Anterior insertion of iris Fig 1.26 Small iris stump seen in Aniridia
in Juvenile Glaucoma

Fig 1.27 Irido-Corneal endothelial (ICE) syndrome Fig 1.28 Anteriorly displaced Schwalble’s line with irido-corneal
adhesions in Axenfeld Reiger syndrome

10
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Fig 1.29 Angle Recession with Fig 1.30 Iridodialysis
widened ciliary body band

Fig 1.31 Nodules in the angle in Fig 1.32 Emulsified silicone oil in the angle
a case of Sarcoidosis

—_—
L

Fig 1.33 Internal ostium of Trabeculectomy Fig 1.34 Trabeculectomy ostium blocked by iris Fig 1.35 AGV tube in the angle

DadaT. Gonioscopy : AText and Atlas. Jaypee Brothers Medical Publishers. 2007. New Delhi
Dada T. Gonioscopy DVD. All India Ophthalmological Society 2011.
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TONOMETRY

Intraocular pressure is a major risk factor in the pathogenesis of glaucoma. Goldmann applanation tonometry
is the present gold standard of IOP measurement; however, Goldmann tonometry depends on corneal
thickness and on other mechanical parameters of the cornea.

History: It was introduced by Hans Goldmann and Theo Schmidtin 1957.

Principle: It works on the principle of Imbert- Ficks Law which states that the pressure in a sphere filled with
liqguid and surrounded by an infinitely thin membrane is measured by the counter pressure which flattens the
membrane or pressure (P) of a body of fluid encapsulated within a sphere is directly proportional to the force
(F) required toflatten an area(A) of the sphere.

o However thisis true only if the surface encapsulating the fluid is infinitely thin, perfectly elastic, dry, and
perfectly flexible and that the only force exerted uponitis from the applanating surface.

o Based on these assumptions, a modification of the Imbert-Fick principle was devised that included
factors to consider the resistance of the cornea to applanation and the surface tension of the tear
meniscus surrounding the tonometer prism during measurement:

W +s =PA+b (Fig.1)

Where W =tonometer force; s =surface tension of pre-corneal tear film; P =intraocular pressure; A =area
of applanation; b =cornealrigidity/ resistance to bending

o With this formula it was determined that on applanating an external corneal area’ of approximately
7.35 mm’, the effects of corneal rigidity and tear film surface tension forces would cancel. In addition, a
force of 0.1 grams would correspond to an IOP of 1 mmHg.

W

S ‘A S
4
P

Fig. 1 Representation of forces involved during applanation tonometry. (W = tonometer force; s = surface tension of pre-corneal
tear film; P = intraocular pressure; A = area of applanation; b = corneal rigidity/ resistance to bending.)

12
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Procedure’:

1) Instill the local anesthetic drops and then the fluorescein.

2) For measuring the IOP in the right eye, make sure the slit beam is shining onto the tonometer head from
the patient’s right side; for the left eye, the beam should come from the patient’s left side.

3) Move thefilters to produce a blue beam.

4) Make sure the beam of light is as wide as possible, and that the light is as bright as possible. This makes
visualizing the fluorescein rings easier.

5) Ask the patient to look straight ahead, open both eyes wide, fix his or her gaze and keep perfectly still.

6) Direct the blue light from the slit lamp onto the prism head.

7) Make sure that the tonometer head is perpendicular to the eye.

8) Move the tonometer forward slowly until the prism rests gently on the center of the patient’s cornea
(Fig2).

9) With the other hand, turn the calibrated dial (reading set at zero) on the tonometer upwards until the
two fluorescein semi-circles in the prism head are seen to meet and form a horizontal ‘S” shape.
(Note: the correct end point is when the inner edges of the two fluorescein semi-circle images just
touch). (Fig.3)

10) Note the reading on the dialand record itin the notes.

11) Withdraw the prism from the corneal surface and wipeiits tip.

12) Repeat the procedure for the other eye.

13) Wipe the prism with a clean, dry swab and replace it in the receptacle containing the disinfectant.

Fig. 2 Prism applanating the corneal surface Fig. 3 Correct endpoint
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o The fluorescent band is too wide. This usually occurs if there is a deep tear meniscus or if the lids are in
contact with the tonometer head. Dry the tonometer head and start again; otherwise the pressure will
be overestimated.

o The fluorescent band is too narrow. The tear film is insufficient. Withdraw the prism and ask the patient
toblink several times. A narrow band underestimates the pressure.

o Thereis a large overlap of the semicircles unresponsive to rotation of the measuring drum. In this case,
the tonometer head has been pressed too firmly against the eye. Withdraw the microscope and start
again.

o Repeated measurement of intraocular may result in lesions of the corneal epithelium, which will stain

with the fluorescein dye. These are rarely severe and cause the patient no distress, although they may
cause alittle temporary blurring of vision.

o Multiple measurements of intraocular pressure may lead to a gradual reduction in pressurereadings
due to massaging of the eye (tonographic effect). The first reading in a patient is often higher than
repeated second readings, particularly if the patient is anxious and squeezing the eye. If this is the case,
thefirst reading should be discarded.

o The Goldmann tonometer should be regularly calibrated.

o The calibration arm fits into a slot on the side of the tonometer. The rod is positioned so that the central
mark s aligned with the mark onits holder.

o The measuring drum is placed at 0; the pressure arm should gently rock forwards and backwards with
slight pressure. Moving the measuring drum between —0.5 and +0.5 mmHg should likewise cause the
pressure arm to rock.

o The rod is advanced to the next mark and the process
repeated at 20 mmHg and then 60 mmHg (Fig. 4). The
tonometer arm should rock between 19.5 mmHg and
20.5 mmHg and 59 mmHg and 61 mmHg respectively.
In practice, a slightly greater tolerance may have to be
accepted.

° If the calibration is incorrect, the tonometer must be
returned to the manufacturer.

o A simple way to test calibration, which should be used
at the start of each clinic, is to check that the arm rocks
around zero by moving the dial 0.5 mmHg (the width of
the calibration mark on the scale) either side of zero
with the prismin place.

o Once again, a unit may decide on a slightly higher
tolerance. If the tonometer is calibrated at 0 mmHg it is
unlikely to be significantly out at 20 and 60 mmHg,
although these levels should be checked periodically, as
described above.

Fig. 4 Calibration using rod
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Disadvantages:
o Goldmann applanation tonometer cannot be used in case of any corneal abnormality (opacity, irregular
cornea, scars).
o Italso cannotbe usedin case of a patient with less co-operation.
o According to a study done by ‘Ehlers et al”’ it has been proved that Goldmann applanation tonometer is

reliable only on cornea with central corneal thickness of 520. Goldmann applanation tonometer tends
to overestimate pressure in thick cornea and underestimate in thin cornea. Goldmann applanation
tonometer tends to overestimate or underestimate IOP by £0.71 mmHg for every 10um of deviation in
corneal thickness.

o Measurement in patients with significant astigmatism’
- The tonometer head is marked in degrees between 0
and 180. If there is less than 3 D of astigmatism, the
head is aligned horizontally. That is, the 0° mark is '
aligned with the white line on the head-holder. If more '
than 3 D of astigmatism is present the semicircles will
be elliptical and the pressure not correctly estimated
unless the tonometer head is rotated such that it is
positioned at 43° to the meridian of the lowest power.

The 43° positionisindicated with ared line on the prism
housing (Fig.5) Fig.5 Applanation prism with the red mark.

An alternative technique proposed by Holladay et al. (1983) for regular astigmatism suggests measuring the
intraocular pressure with the head in the horizontal position and then at 90° in the vertical position. The two
intraocular pressure readings are then averaged. Patients with irregular astigmatism or abnormal corneas may
have unreliableintraocular pressure measurements made with the Goldmann tonometer.

Sterlization:

. Immediate cleaning after use of the tonometer tip with an alcohol soaked sponge, followed
by drying5 for at least 1-2 minutes before next use is recommended.

o More stringent recommendations include cleaning the tip with household bleach. The prism of the

tonometer is removed and immersed in a 1:10 solution of household bleach for five minutes. This is
followed by washing the tip under running water and dried before next use. The disinfecting solution
should be changed at least once daily. Soaking the entire tip may remove the color of the etched
calibration marks.

o Soaking the tonometer head for five minutes in 70% isopropyl alcohol may damage the prism of the
tonometer.’

Effect of Anesthesia on IOP measurement: Inhaled and intravenous general anesthetics in widespread use,
such as IV propofol and inhaled sevoflurane, rapidly lower I0OP within minutes of induction’.During an
examination under anesthesia, the clinician must measure IOP consistently and early in the anesthetic to gain
the most useful clinical information.

Effect of Posture on IOP measurement: Posture is an important variable in the measurement of IOP; IOP in the
sitting position is generally lower than in the supine position in young healthy adults, in healthy aging
individuals, and in untreated open-angle glaucoma patients. ®

15



16

GLAUCOMA INVESTIGATIONS

Diurnal fluctuation of I0P: There is strong evidence to support higher mean intraocular pressure (IOP) as a
significant risk factor for the development and progression of glaucoma.”* Evidence to support 24-hour 10P
fluctuation as a risk factor for glaucoma development or progression is still lacking."

Repeatability of Goldmann applanation tonometry: The studies currently available suggest that measurement
precision is greatest with GAT. The repeatability coefficient of Goldmann applanation tomometry is 2.2 to 2.5
mmHg. *

Measurement Post Refractive surgeries : Following many forms of keratorefractive surgery, including LASIK,
LASEK, and PRK, there isa mean decline in measured IOP using Goldmann tonometry.

Perkins Tonometer

In some patients positioning at a slit lamp may be impossible because of immobility or because they are under
an anesthetic. In these cases a hand-held version Perkin tonometer (Fig. 6) based on the same principle as the
Goldmanntonometry can be used.

Fig. 6 Perkins tonometer

New tonometersinclude Tonopen Avia, Pascal Dynamic Contour Tonometer, Ocular response analyzer, Proview
Eye Pressure Monitor and Rebound tonometers (self tonometry for home use), Diaton (through the upper lid)
and Non contacttonometry with non contact CCT.
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CENTRAL CORNEAL THICKNESS
AND
CORNEAL HYSTERESIS

Intraocular Pressure (IOP) has been consistently demonstrated to be associated with incidence, prevalence and
progression of glaucoma.' Lowering IOP has been shown to reduce the risk of development and progression of
glaucoma.” Itis also the most important and only modifiable risk factor in the management of glaucoma. Thus,
accurate measurement of IOP is critical.

Goldmann Applanation tonometer(GAT) is currently the standard against which all other tonometers are
judged. Goldmann assumed an average corneal thickness of 0.52 mm in designing the tonometer. Excessively
thin corneas or thick corneas yield underestimations or overestimations of IOP, respectively, which can lead to
erroneous diagnosis of low-pressure or high-pressure glaucoma.”® All forms of tonometry currently available
are affected by central corneal thickness(CCT), to a variable extent. Dynamic contour tonometry(DCT) has been
shown to accurately measure IOP irrespective of the corneal features because there is minimum applanation.
The tip of the tonometer closely matches the corneal contour, thus minimizing the amount of corneal
deformation. The effect of CCT on the IOP measured by DCT is about half that of the effect of CCT on GAT IOP
measurement.’ IOPcc measured by the Ocular Response Analyzer(ORA) is also less affected by GAT.” Non-
contact tonometer(NCT) and rebound tonometry, in which the cornea is indented rapidly, are significantly
more affected by CCT.""** CCT accounts for about 1-6% of the variation in GAT IOP and 7-12% of the variation in
NCTIOP."

MEASUREMENT OF CCT

Ultrasonic pachymetry is the current gold standard and most commonly used method for measuring the CCT.
This technique has been utilized in OHTS, EGPS, and Barbados Eye study. It entails the use of a probe that makes
contact with the cornea and sends out an ultrasound signal that ultimately returns to the probe for analysis of
corneal thickness. This technique has been shown to be both accurate and reliable.” Since the probe must
come into contact with the cornea, local anesthesia is required. Ultrasound measurements can be affected by
fluctuations in corneal hydration. Modern methods of optical pachymetry use a camera that takes a series of
three-dimensional images of the cornea to calculate the CCT. Measurements with optical pachymetry are
generally thinner than with ultrasound. There is no known conversion factor to extrapolate measurements with
onetechniqueto a predicted value with ultrasound.

LIMITATIONS

One of the problems with CCT measurement is whether CCT remains constant over time or whether it changes
with age or as a result of the use of topical medications, such as topical carbonic anhydrase inhibitors,(increase
CCT) and prostaglandins(decrease CCT)." CCT may show diurnal variations with values highest in the mornings
and progressively decreasing throughout the day. CCT also varies between racial groups, with values being
lower in persons of African™ and possibly Mongolian descent as compared to Europeans. Other clinic-based
studies have not identified significant differences between Asians, Hispanics, and whites.”** The mechanism
underlying ethnic differences in CCT is unknown. Twin studies have suggested that CCT is highly heritable.”
Thus, genetic variation may well account for a significant portion of inter-ethnic variability. The independent
association of CCT with DM is consistently found in Singaporean Malay adults14 and Europeans.”””
Possible explanations for this being chronic hyperglycemia adversely affecting corneal endothelial function, an
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osmotic gradient drawing fluid into the corneal stroma, or a tendency among diabetics for corneal collagen to
develop disulphide cross-linkage.”” CCT, however, is not associated with refractive error, corneal curvature,
anterior chamber depth, or axial length. It is an independent factor unrelated to other ocular parameters.”*
However, some studies have identified a positive association between CCT and radius of corneal curvature
using optical pachymetry.”

The OHTS found CCT to be an important risk factor for progression from ocular hypertension to primary open-
angle glaucoma(POAG).”” In a multivariate model that included IOP, CCT was the most powerful component of
the predictive model. This finding was validated in the European Glaucoma Prevention Study (EGPS).” Each 40
micron of central corneal thinning conferred a 2-fold increased risk for developing glaucoma over 5 years.”
Despite this result, there is still debate about whether the effect of CCT is through its influence on I0P
measurement, through a truly independent expression of risk that is possibly based on biomechanical
characteristics of ocular tissues, or both. It is likely that the association of corneal features with glaucoma is
more complex than the presence of simple anatomic thickness. No correlation between CCT and lamina
cribrosa thickness has been found in nonglaucomatous human eyes.” It is not known whether the
histomorphometry of the lamina cribrosa or peripapillary nerve fiber layer is correlated with CCT in eyes with
glaucoma. This suggests that an assumed relationship between CCT and susceptibility to glaucoma might not
be explained by corresponding anatomy between corneal thickness and lamina cribrosa thickness.”

In the Early Manifest Glaucoma Trial (EMGT)®, recruitment was based on optic nerve and/or visual field
changes, not on IOP. No significant association between CCT and glaucoma was found. When patients were
followed for 5 years, CCT was not a significant predictive factor for glaucoma progression.

CCT has been considered arisk factor for glaucoma. A patient with a thicker cornea is thought to have a positive
prognosis and a patient with a thinner cornea, a negative one. Several authors have tried to create a formula to
establish the "real IOP" by using Goldmann IOP and CCT; however, none succeeded. As yet there is no generally
accepted correction formula®™ and the possibility of creating a simple formula applicable to all populations
remains uncertain and of questionable clinical relevance. For each 10 mm change in CCT, the change in the IOP
reading could range from 0.1 to 0.7 mm Hg.”** Ehlers et al** found that GAT most accurately reflected “true”
intracameral IOP when CCT was 520um, and that deviations from this value resulted in an over- or
underestimation of IOP by as much as 7 mmHg per 100um. The implication that IOP can be "'corrected" with an
arithmetic linear correction factor of a certain millimeters of mercury per micron is an oversimplification of
what is undoubtedly a complex and nonlinear relationship between corneal thickness and "true" IOP.”* The
decision to treat a patient with ocular hypertension depends on the assessment of risks, and CCT is an
important and necessary part of that determination. On the other hand, if thin central corneas are associated
with more advanced glaucoma damage at presentation, clinicians might treat such cases more aggressively,
thereby compensating for any added risk from a thin central cornea at that stage in the disease.” Several
studies have shown that some patients with normal tension glaucoma have thinner corneas than patients with
normal eyes.**” Therefore, if CCT is taken into account, these patients may have elevated I0P with “high
pressure” glaucoma. This underscores the importance of taking CCT measurements in all patients who have
ocular hypertension or glaucoma. Athin central cornea (e.g., 490um) may explain visual field loss or optic nerve
damage in an eye despite normal applanation IOP. Conversely, a thick central cornea (e.g.,610um) may explain
longstanding normal visual field and optic nerve despite a high IOP. However, given the variability in CCT
measurements between instruments and the multiple factors that can affect results, it is best to categorize
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values as thin, thick, or average instead of using exact numbers in an attempt to classify risk or adjust treatment.
Although there are no specifically defined numbers for these various categories, a general guideline would be
to categorizing corneas as “thin (<500pm), average (500—600um), or thick (>600um)."

CCT measurement is a necessary part of the evaluation and management of glaucoma suspects and glaucoma
patients. All patients with glaucoma or ocular hypertension should have CCT measured at the time of initial
diagnosis. Repeating the measurement once in 5years to be considered as the cornea thins with time. Repeat
measurements to be taken after surgeries that compromise the CCT, particularly LASIK (laser assisted in situ
keratomileusis). CCT correction factors or nomograms are not recommended as no algorithm can sufficiently
adjust for IOP on the basis of CCT alone. Categorizing CCT as thin, average, or thick is best at the present. Other
factors such as corneal hydration and viscoelasticity also significantly influence IOP measurements.
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OCULAR RESPONSE ANALYZER

Glaucoma is an optic neuropathy characterized by a progressive loss of retinal ganglion cells. Elevated
intraocular pressure(lOP) is a major risk factor for the development and progression of glaucoma. IOP lowering
is the mainstay of treatment for glaucoma. Corneal properties, such as corneal curvature and central corneal
thickness (CCT) are well recognized parameters that influence IOP measurement using the Goldman
applanation tonometry (GAT). However, variations in corneal curvature and CCT donot fully explain the IOP
measurement error by GAT. Other factors such as biomechanical properties such as corneal viscoelasticity, may
also have an effect on IOP measurement.

The Ocular Response Analyzer (ORA; Reichert Inc, Depew, NY) is a novel instrument for measuring the
intraocular pressure (IOP) of the eye (Fig. 1). It is also the only instrument capable of measuring the
biomechanical properties of the cornea. Corneal biomechanical properties influence intraocular pressure
measurement, undergo alterations in corneal pathology and following corneal refractive surgery. Corneal
Hysteresis (CH), which is the result of viscous damping in the corneal tissue, is a new indicator of corneal
biomechanical properties.

The ORA utilizes a dynamic, bidirectional applanation process for measuring IOP. A rapid air impulse is used to
apply force to the cornea. The deformation of the cornea is monitored using an advanced electro-optical
system. The precisely metered, collimated air pulse causes the cornea to move inwards causing applanation,
similar to conventional noncontact tonometers. However, in the ORA, the air impulse continues to deform the
cornea past applanation into slight concavity. Then, the air pump shuts off and, as the pressure decreases, the
cornea begins to return to its normal configuration. During this process, it once again passes through an
applanated state. The entire process takes only 20 milliseconds, a time sufficiently short to ensure that ocular
pulse effects or eye position does not change during the measurement process. These deformation changes are
monitored by the electro-optical detection system .Two independent pressure values are derived from the
inward and outward applanation events. These two pressure values are not the same. Due to the dynamic
nature of the air pulse, viscous damping (energy absorption) in the cornea causes delays in the inward and
outward applanation events, resulting in two different pressure values (Fig. 2).The difference between these
two pressure values is Corneal Hysteresis (CH). The average of these two applanation events provides a
repeatable, Goldmann correlated IOP measurement (IOPg).
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] Fig. 2: Ocular response analyzer measurement signals
Fig. 1: The ocular response analyzer Measurement signals—Red: Raw applanation signal,

Blue: Filtered applanation signal, Green: Air pressure curve
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The patientis seated in front of the machine and asked to fixate on a green light.

The system positions an air tube to a precise position relative to the apex of the cornea. The air pulse then
applies pressure to the cornea. Corneal deformation is recorded and measurement signals are obtained. The
measurement signals consist of a green symmetric curve, which corresponds to the air pulse pressure, and a
red asymmetric curve, which indicates the raw signal corresponding to the applanation of the cornea. The blue
curve is a filtered version of the red curve, designed to identify the optimum point of applanation in less than
ideal signals. The red curve has 2 principal peaks. The applanation pressure is determined by drawing a line
down from the peak of each applanation spike to the intersection of the green pressure curve. These points, P1
and P2 are graphically indicated as blue squares on the green curve. P1 is the pressure at the first applanation
event as the cornea moves inward under the increasing force of air pulse (inward applanation). P2 is the
pressure corresponding to the second applanation event as the cornea returns to its normal curvature under
the decreasing force of the air pulse (outward applanation). P2 is always lower than P1 due to Corneal
Hysteresis. The applanation signal curves should have a clearly defined and relatively well-centered high point
(peak).

The ORA provides 4 different measurement parameters
I0Pg: A Goldmann-correlated IOP value.
CH: (P1-P2) Ameasure of viscous dampinginthe cornea.

I0Pcc (Corneal-Compensated Intraocular Pressure): An intraocular pressure measurement that is less affected
by corneal properties.

CRF (Corneal Resistance Factor): Anindicator of the overall “resistance” of the cornea.
The ORAalso hasabuiltin 20 MHz ultrasound pachymeter that measures central corneal thickness.

Corneal hysteresis is a function of the corneal viscous resistance (damping/energy absorption) properties.’
Corneal hysteresis is the difference between pressures Pland P2, a numerical value denoting viscoelastic
corneal tissue response to a dynamic deformation. A greater difference generates a higher CH, suggestive of a
stiffer cornea. CHis influenced by the rate of force application and is likely linked to the stromal collagen nature
and state of hydration.’Normal values of CH and CRF measured in a recent study were 10.8 mm Hg
+1.5 (SD) and3 11.0 mm Hg £ 1.6 mm Hg respectively. Corneal resistance factor and IOPcc are
calculated using a linear combination of P1 and P2." IOPcc measurement is designed to reduce the effect of
corneal thickness and properties on the IOP measurement process, wherein the IOP has been adjusted utilizing
the information provided by the corneal hysteresis measurement.

The influence of central corneal thickness (CCT) on intraocular pressure (IOP) measurements using Goldmann
applanation tonometry (GAT) has been well-recognized.”®” Intraocular pressure is overestimated in thick
corneas or underestimated in thin corneas. However, it is likely that factors other than CCT, including corneal
hydration, connective tissue composition, and bioelasticity, contribute to the response of the corneoscleral
shell, to the force applied during the measurement of IOP.° The ORA provides IOP measurements taking into
consideration these biomechanical properties of the cornea (Figs 3 to 5). IOPcc and IOPg have shown good
correlation with GAT IOP measurements." GAT IOP measurements are significantly associated with CCT,
whereas |OPcc measurements are not associated with any of the variables - CCT, corneal curvature, axial length,
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and age.”™ The difference between GAT and IOPcc measurements is significantly influenced by corneal
thickness.” Patients with thicker corneas tend to have higher GAT IOP measurements compared with 10Pcc,
whereas in patients with thin corneas, GAT IOP measurements tend to be lower than IOPcc. In a study by
Congdon et al, lower corneal hysteresis value, but not CCT, was associated with visual field progression.® In the
study by Touboul et al, CH values were found to be lower in glaucomatous eyes than in normal eyes.' CRF was
higher than CH values in normal and glaucomatous eyes." True IOP was underestimated by Goldmann
applanation tonometry in underdampened corneas and should be an interesting factor in glaucoma
management.’

Clinical data has shown that the Corneal Hysteresis measurement is useful in identifying corneal pathologies
and may be valuable in identifying potential LASIK (laser assisted in situ keratomileusis) candidates who are at
risk of developing ectasia. Eyes with keratoconus and Fuchs' dystrophy also have low CH values.”" In a study by
Ortiz et al, it was found that higher the keratoconus grade, :
the lower the corneal hysteresis and corneal resistance
factor values.” Corneal hysteresis may also be a useful
qualification factor for LASIK and related corneal refractive
surgery procedures because different subjects with the same
corneal thickness may display significantly different corneal |
mechanical properties.” A significant decrease in the IOP |1 ST
and biomechanical properties is found in eyes following '
LASIK surgery. Both I0Pcc and I0Pg showed a decrease after |
LASIK surgery. However, the decrease in I0OPcc was much
lower than the decrease in IOPg,” suggesting that the IOPccis
amore accurate indicator of the true IOP.
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Fig.3 : NTG—IOPcc greater than I0Pg, low CH and CRF
low amplitude peaks

The assessment of corneal biomechanical properties with the ORA is useful in evaluating the influence of
corneal properties on IOP measurements. These new, objective methods of IOPmeasurement appear to be less
dependent on corneal rigidity than Goldmann applanation tonometry. The clinical applications of this novel
device range from corneal pathology diagnosis, pre-ectasia screening and post LASIK IOP measurement to
glaucoma screening, diagnosis and treatment efficacy monitoring. The information obtained using this
instrumentisinvaluablein appropriate, long-term managementin these conditions.
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EVALUATION
OF THE OPTIC NERVE HEAD

Achange in the appearance of the optic nerve can be the first finding ina glaucoma patient. Thus, stereoscopic
view of the optic disc to recognize characteristic features of glaucomatous optic neuropathy is of extreme
importance in glaucoma diagnosis and management. A variety of contact and non-contact lenses can be used
for stereoscopic viewing of the fundus with the help of a slit lamp. Non contact lenses (like + 60D, +78D, + 90D)
are more convenient than contact lenses and are widely used.

A systematic approach to disc assessment prevents many a glaucoma cases from being missed. Paying
attention to the 5Rs during optic disc examination is a concept created by Robert N Weinreb MD, Felipe
Medeiros MD and Remo Susanna Jr MD and can be utilized to standardize the examination and documentation
of the optic nerve and nervefibre layer.

THE FIRST R : Opticdisc size and shape (Scleral Ring)

Theinner edge of the Scleral Ring is observed to identify limits and size of the optic disc. Disc size is variable with
average/medium sized discs having vertical diameter of 1.4—2mm, smalldisc <1.3 mmand large disc>2 mm.

Disc size can be estimated during slit lamp examination by adjusting the height of the slit beam to correspond
with the margins of the disc and noting the reading from the graticule. The appropriate magnification factor
must be multiplied to get the correct measurement depending on the lens used (60D x1, 78D x 1.1, 90D x 1.3)
during examination.

Along with the disc size, the vertical and horizontal cup disc diameter ratios (CDR) need to be documented as
this is necessary for quantification of glaucomatous optic neuropathy. Armaly back in '70s introduced the idea
of CDR, which is expressing the proportion of the disc occupied by the cup. Any vessel displacement, any
sloping, depth of the cup also needs to be documented. However, the cup-disc ratio has its limitations as it is
subject to wide variability. A high CDR can be normalinalarge disc where as alow CDR may be glaucomatous if
the disc is small. Margin of the cup is delineated by the bending of the disc vessels. In general, CDR of .7 in an
average sized or large disc should be viewed with suspicion. If there is asymmetry or CDR differs by more than
0.2 in both eyes of a patient, the possibility of glaucomatous damage should be considered, if other causes of
asymmetry have been ruled out.

Large disc large cup Medium disc 0.3 CDR Small disc small cup
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The area of the optic disc occupied by axons is called the neuroretinal rim (NRR). The thickness, colour and
contour of neural rim should be compared in each of the four quadrants. Glaucomatous damage may be
diffuse, focal or a combination. Diffuse damage results in symmetrical enlargement of the cup with generalized
rim thinning while focal damage leads to localized loss of NRR. Focal loss of NRR is called a notch which is highly
suggestive of glaucoma and produces a corresponding functional field defect. Normally the inferior (I) rim is
thickest, followed by superior (S), nasal (N) and then temporal (T) (ISNT
rule). An inferior or superior rim equal to or thinner than temporal rim
is highly suspect. The thinning may or may not extend to the edge of the
disc. Nowadays, rim-to-disc ratio is considered to be more important
than CDR. A rim-to-disc ratio of less than 0.1:1 in any area should be
considered pathological.

The normal pink colour of NRR may be pale (yellow, gray or white) due
to atrophic tissue in glaucoma, some retinal pathologies, AION,
chiasmal compression etc. If pallor is more than area of cupping, then
causes otherthan glaucoma must be keptin mind.

Generalised NRR thinning

Localised NRR thinning (inferior notch) Disc pallor = cup area Disc pallor > cup area

Opticdisc hemorrhages (Drance hemorrhage) are usually splinter or flame shaped on the disc surface usually in
superotemporal or inferotemporal rim. More commonly seen in normal tension glaucoma, these hemorrhages
are transient and last for usually
about 2 -4 months. Corresponding
visual field defects may appear
weeks to years later. Patients with
disc hemorrhages are at a higher
risk of developing glaucoma (ref
OHTS). Disc hemorrhages may
occur rarely in normal eyes. Other
causes such as PVD, trauma,
hypertension and use of anti
coagulants like aspirin should be
keptin mind. Optic disc hemorrhage Disc hemorrhage in red free light
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The Retinal Nerve Fibre Layer (RNFL) corresponds to the nerve fibres passing from the photoreceptors over the
retina as they course towards the optic disc. RNFL examination is best performed using red-free green light
through a dilated pupil. In affected areas, the normal silvery striations are lost and fundus appears darker and
deeper red in these areas. Slit defects may be physiological. Wedge shaped defects extending upto the disc
margin are typical of glaucoma. In later stages of glaucoma, diffuse atrophy of RNFLis seen.

Healthy RNFL Slit defect in RNFL Wedge defect in RNFL

Evaluation of PPA aids in glaucoma assessment. Two distinct zones of atrophy- alpha and beta surround the
optic disc. Peripheral alpha zone is an irregular hypo or hyper pigmented zone associated with chorioretinal
thinning. This zone is found in many normal eyes. The inner beta zone represents loss of retinal pigment
epithelium and choriocapillaries leaving intact choroidal vasculature. Beta zone atrophy is seen more in
glaucomatous eyes and increases with progress of disease. PPA may be focal or circumferential. Alpha and beta
zones have to be differentiated from crescents in myopic eyes and in eyes with tilted discs.

Glaucomatous disc with PPA Myopic disc with PPA Tilted disc with PPA

Acquired pit of the optic nerve (APON) — This is usually associated with localized excavation of the NRR. It is
strongly associated with glaucoma and usually presentin supero and inferotemporal regions of the disc.
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Bayoneting of blood vessels is kinking or bending of blood vessels when
they pass over the edge of the cup. Itis a sign of erosion or loss of NRR.

Baring of blood vessels are seen when arc-shaped vessels are left bare or
isolated from the margins of the cup due to loss of NRR.

Bridging (Overpass) is when disc vessels hang over an area of lost neural
tissue.

Acquired Pit

Bayoneting of vessels Baring of vessels Overpass vessel

An enlarged cup disc ratio is undoubtedly linked with glaucomatous loss but the disadvantages of the CDR
system (Armaly 1967) for diagnosing and quantifying glaucoma are the variation in cup sizes in the population
and more importantly, the fact that all discs do not grow concentrically and eccentric cups may display
localized notching. The other important aspect is the variation in disc size and the fact that larger cups have
more nerve fibers than smaller cups. This in turn mean that a lower cup disc ratio for a smaller cup is more
significant than the same ratio for a larger cup, as it represents more neuropathy. There may be significantintra
andinterobserver errorinthis method.

To overcome these problems, the Disc Damage Likelihood Scale (D.D.L.S.) was brought forth by Dr George L
Spaeth et al in 2002 to incorporate the effect of disc size and focal rim width into a clinical grading scale. It is
highly reproducible and does correlate strongly with the degree of field loss This system is based on the
narrowest neuroretinal rim width in any position and if no rim is present, the circumferential extent of absence
of the rim. The rim is defined as the width between the outer edge of the disc and inner edge of the rim, this
inner edge being the position where the surface of the disc starts to bend posteriorly towards the lamina. There
are 10 D.D.L.S. stages. The DDLS relies on the optic nerve as a direct indicator of disease. As the scale divides
glaucomatous progression into 10 stages, it can monitor disease progression better.

Any disc graded stage 5 or higher is unhealthy. It will almost always be pathologic, although it may not be
glaucomatous. Damage from glaucoma will usually be infero or superotemporal. DDLS scores of 1 through 3 are
rarely associated with glaucomatous visual field loss. Some individuals are born with DDLS 3 optic discs,
whereas others begin with DDLS 1 discs. For this reason, noting that a person has a DDLS 3 optic disc indicates
thatitisreasonably healthy and that there is no visual field loss. This score is not proof that the disc's health has
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notworsened, however, because it could have been astage 1 or 2 in the past.
Categorization

The DDLS allows you to quantify the amount of damage that the optic nerve has sustained. Visual field loss
usually will not occur before stage 5. The differentiation between very early and no damage is important,
because a neuroretinal rim that has already narrowed is likely to become narrower still, whereas an
undamaged rim is far more likely to remain stable. One may choose to defer treatment and observe closely
patients with optic nerves of stages 0 through 5, because the consequences of treatment may outweigh those
of nontreatment. Unless glaucomatous progression has stabilized (eg, in cases of inactive glaucoma secondary
to trauma or corticosteroids), a DDLS score of 6 through 10 strongly supports aggressive treatment.

Monitoring

The stability of a patient's glaucoma is often best determined by evaluating the optic disc. The DDLS scores
maybe recorded on the patients' charts every time the fundus is examined, meaning at every visit when
assessmentis being made whethertheir glaucomais stable, improving, or deteriorating.
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STANDARD AUTOMATED
PERIMETRY

Automated static perimetry is the most important tool for diagnosis of glaucoma.' It measures the visual
function outside the fovea within central 30 degrees of visual field as most of the visual field defects in
glaucoma occur within these limits. Areproducible field defect in this area is taken as concrete evidence in favor
of glaucomatous optic neuropathy. Currently, this is the most indispensable tool for diagnosis of glaucoma and
its progression.” Optic disc imaging and nerve fibre layer measurements are useful tools but they have not yet
replaced perimetry in diagnosing and managing glaucoma.’

Glaucomatous visual field loss commonly occurs in the arcuate area in the superior and inferior hemi fields.’
These areas arch around the fovea, starting from optic disc and extending nasally to end at the horizontal raphe.
A relative decrease in retinal sensitivity (relative scotoma) in this area is usually the first evidence of glaucoma.
These scotomas tend to occur nasally and there is significant asymmetry between the superior and inferior
hemi-fields.

Localized field defects are hallmark of glaucoma but frequently they are associated with overall reduction in
sensitivity. A pure generalized reduction of sensitivity is not typical of glaucomatous visual loss and is more
likely to be due to media opacities.

Humphreys visual field analyser is one of the popular perimeters in clinical use, therefore, following discussion
mostly refers to this perimeter. Basic concepts are applicable to other perimeters (e.g. Octopus) as well and can
be used for interpreting visual fields.

Standard Automated Perimetry (SAP) is white on white perimetry performed using predefined threshold
measuring algorithms usually a 30-2 test.” Usually one of the following tests is used; 30-2 full threshold, 30-2/
24-2 SITA Standard or 30-2/24-2 SITA Fast. SITA strategy takes less time than full threshold without loosing its
diagnostic ability and is generally preferred. 30-2 tests 76 points in the central 30 degrees in a grid like manner.
The test locations are 6 degrees apart from each other. 24-2 pattern is very similar to 30-2 except that
outermost row of test locations is eliminated. As a result it tests only 54 pointsin the central 24 degrees.

SITA Standard is a thresholding algorithm that is quite quick and accurate and has largely replaced the full
threshold program in clinical use.’ It takes about 4 — 8 minutes per eye depending on the test pattern and the
status of the eye. Selection of test depends on the status of the eye as well as on patients ability to perform the
test. 24-2 or 30-2 test pattern using SITA Standard is the most commonly prescribed test for glaucoma. In
advanced cases where 24-2 or 30-2 pattern does not give enough information it is advisable to use a 10-2
pattern.

Since glaucoma is a chronic disease and needs follow up with visual fields, it is best to stick to the same test
pattern and thresholding algorithm for subsequent tests. It helps make more meaningful comparisons to
detect progression. From follow up point of view establishing a good baseline is very important. Due to test
retest variability visual field should be repeated 2-3 times in the beginning at shorter intervals to get at least two
similar fields. Subsequently any change found on follow up fields must be confirmed on repeat testing.

29



GLAUCOMA INVESTIGATIONS

Itis best tolook at the visual field print outin a systematic manner for proper interpretation. Humphrey's visual
field print out has following components and each must be considered for proper interpretation (Fig. 1):

Patients name, identification number, date of birth are printed on top along with date and time of testing, eye
tested.

Visual acuity and size of the pupil, refractive correction used, Stimulus size and color, back ground illumination,
test pattern and thresholding strategy use are also mentioned in the upper part of the print out. Itis desirable
to keep the test conditions comparable from one examination to another for meaningful individual and group
comparisons.

Reliability is evaluated by monitoring fixation losses, false positive and false negative responses.’ Fixation losses
are monitored by projecting stimulus in the blind spot area and by using a gaze tracker in newer machines.
Fixation losses up to 15% are acceptable for a reliable test. False Positive errors refer to number of times patient
responds when there is no stimulus. False Negative errors refer to the number of times patient fails to respond
when a supra-threshold stimulus is presented. A false positive rate of 20% or more is considered abnormal.

This is a graphical representation of the decibel values obtained. This gives an immediate and easily
comprehensible status of the visual fields. It is useful while discussing the visual field loss with the patients as
they can see the dark areas in the field and can relate them to loss of function. It is useful when visual loss is
moderate to severe. Early field loss may be missed on gray scales.

They show the actual measured threshold values and difficult to interpret as such. All other analyses and
printouts are based on these values. Probability plots are much easier to interpret but occasionally these values
may provide a furtherinsightintothe test results.

Total deviation plots are helpful as they highlight the areas that fall outside the normal range. These values are
corrected for age. Negative value indicate a value lower than the age corrected median sensitivity for that
location. A probability value is calculated for each test location and all test locations that are significantly
depressed are marked with probability symbols. Thisis a quick and easy way of knowing which test locations are
depressed and to what extent. A test location showing a p<2% means that fewer than 2% of normal people are
likely to have such low sensitivity at that location. Total deviation probability plots can not distinguish between
alocalized field defect or a more generalized field defect due to media opacity.

The pattern deviation plots highlight the localized field defects, which are typical of glaucoma. The areas that
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deviate significantly from normal are first corrected for overall decrease in retinal sensitivity. It reduces the
effect of generalized depression due to media opacities such as cataract. Pattern deviation plots are most useful
for the diagnosis and monitoring of glaucoma. Like total deviation plots, pattern deviation plots also use
symbols toindicate the level of significance of the observed change.

GHT is based on the fact that field loss in glaucoma is not symmetrical in superior and inferior hemi-fields.
Sensitivity values in five predetermined zones in the superior hemifield are compared with the corresponding
values in the lower hemifield.? This test has a high sensitivity and specificity for detecting glaucoma. There are
six possible outcomes of this test:

1. Withinnormal limits. Means the testis normal and overall sensitivity is within 99.5% range of normal.

2. Outside normal limits. There is significant difference between the sensitivities in the superior and
inferior hemifields and the differenceis greater than expected in 99% of normal population.

3. Borderline. Means that threshold differences are greater than 95% but less than 99% of the expected in
the normal population.

4. General reductionin sensitivity. When overall sensitivity is less than 99.5% range of normal but there is
no difference between the superior and inferior hemifields.

5. Abnormally high sensitivity. When overall sensitivity is higher than the expected in 99.5% of normal
population. Usually associated with high false positive responses andis seenin trigger happy patients.

6. Borderline with general reduction in sensitivity. When there is generalized reduction in sensitivity but
the superior and inferior hemifields differ significantly.

Mean Deviation (MD) and Pattern Standard Deviation (PSD) and Visual Field Index (VFI) are useful in knowing
the overall status of the fields. MD is a measure of average difference between the measured threshold value at
each location and expected value in age matched normal subject. PSD is the standard deviation of the mean
difference between the measured threshold value at each location and expected value in age matched normal
subject. If MD or PSD is outside normal range, a p value appears next to indicating the level of significance.

Various perimetric definitions of glaucoma and its progression have been used in different studies. Anderson's
criteria are commonly used to define abnormality in visual fields.’ As per this criteria, presence of a cluster of
three or more nonedge points on the pattern deviation probability plot deviating at p < 5%, with one of these
points deviating at p < 1%; pattern standard deviation (PSD) having a value (p < 5%); or glaucoma hemifield test
(GHT) outside normal limits, is considered abnormal. For the diagnosis of glaucoma two of three criteria should
be fulfilled.

Visual fields are often used to categorize the severity of the disease. Hoddop-Parish-Anderson's classification is
frequently used for this purpose.”” According to this classification glaucoma is categorized as early loss,
moderate or severe loss as follows:

31



GLAUCOMA INVESTIGATIONS

Mean deviation of more than -6dB and on pattern standard deviation plot at least 3 arcuate depressed points
and 7 to 17 points depressed at or below 5% and 10 or fewer points depressed at or below 1% and no pointsin
the central 5 degrees at 0dB and no hemifield pairsin the central 5 degrees at or below 15dB.

Mean deviation between -12dB and -6dB or on pattern standard deviation plot: 18 -36 points depressed at or
below 5% or 10-19 points depressed at or below 1% and no points in the central 5degrees at 0dB and no
hemifield pairsin central 5 degrees at or below 15dB.

Mean deviation worse than -12dB or on pattern standard deviation plot: 37 or more points depressed at or
below 5% or 20 points depressed at or below 1% or one or more points in the central 5 degrees at 0dB or
hemifield point pairsin the central 5 degrees at or below 15dB.

Detection of glaucoma progression on visual fields is complex and there is no standard way of doing it."* Long
term variability or fluctuations are common and tend to be more marked in patients with glaucoma. This makes
it difficult to decide whether the observed field loss is due to glaucoma or part of normal variability. This is
compounded by the fact that there is no 'Gold Standard' definition of progression.”” Multiple visual field
examinations are needed to diagnose progression. It is said that there should be at least four repeatable visual
fields before progression can be diagnosed. Inspection of individual printouts can be done to look for
progression but it is not reliable. Humphrey Software provides tools like overview printouts, Glaucoma change
analysis printout, Glaucoma change probability analysis and Guided progression analysis for detecting
progression. The overview printouts are a convenient way of looking at data from multiple tests but do not
perform any statistical analysis. Other tests use built in statistical tools to determine the signification of changes
observed.

Visual field progression in glaucoma may occur as development of a new defect, deepening or enlargement of
an already existing defect or a diffuse loss of sensitivity. Most frequently glaucomatous progression is seen as
deepening of existing scotoma.”

There are two main approaches to analyze visual fields for progression. Trend based analysis and event based
analysis. In event based analysis current examination is compared with a previous base line examination. If the
current examination is significantly worse, progression is indicated. In trend based analysis all examinations
done in a specified period of time are analyzed. The values are plotted over time and regression line is drawn.
The slope of the regression line gives the significance of the change and also the rate of progression.

Humphrey's perimeter has built in tools such as Glaucoma Change Probability (GCP) and Guided Progression
Analysis (GPA, Fig. 2) to diagnose progression. GCP compares individual points on a follow up examination with
the base line examination. Progression is indicated if two or more adjacent points within or adjacent to a
scotoma show significant deterioration. GCP is based on total deviation plot and hence can be affected by
media opacities.

GPAis similar to GCP except that it is based on pattern deviation plot. Therefore, it is less likely to be affected by
media opacities such as cataract. If significant deterioration presentin 3 points is repeatable over 2 consecutive
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follow-ups, itis labeled as possible progression. It he same change is repeatable over 3 consecutive follow-ups,
itisleveled as likely progression.

Visual Field Index (VFI) is a newly developed tool which is calculated as the percentage of normal visual field.
Therefore, a VFI of 100% represents a normal field whereas a VFI of 0% indicates perimetric blindness. On GPA
print out VFI for each examination is shown as a percent value and is also plotted against age for trend analysis.
VFl is based both on pattern deviation and total deviation plots and is supposed to perform better. ** VFI
progression plot also gives estimate of visual loss expected in next 5 years based on the current rate of
progression. This is useful in estimating the number of years before patient becomes perimetrically blind so
thatappropriate changes can be made to his therapy.

Glaucoma is a slowly progressive disease and needs long term follow-up. Rate of progression is different for
different individuals; hence, there is no set formula on how frequently the fields should be done. Higher
frequency of field examinations favors detection of progression.” Frequency of examinations should be more in
the beginning to identify fast progressors; six visual field examinations have been suggested in the first two
years. Later on frequency can be reduced to once or twice a year as long as no change is detected. If change is
detected, it should be confirmed as soon as possible. Patients with severe loss, pseudoexfoliative disease,
higherintraocular pressure, thin cornea need more frequent fields.

Perimetry is a subjective test and its result can be influenced by a number of environmental and patient related
factors. Itis difficlult to performin patients with poor vision, very elderly patients, patients with certain physical
or psychological disabilities and even in otherwise healthy patients there is some learning curve. Perimetry only
tells about the functional defect in the field of vision, which should be correlated with optic disc and retinal
nerve fiber layer changes to make the diagnosis of glaucoma.

e Visualfield examination is essential for diagnosis and management of glaucoma and must be donein all
patients of glaucoma or suspected glaucoma.

e Itisimportantto have agood baseline visualfield rightin the beginning. To have good base line field the
test may have to be repeated 2-3 times or more at shortintervals.

e Test conditions should not vary significantly from one examination to other. This will help get
reproducible fields and meaningful comparisons during follow-up.

e Same default test should be used in all patients unless there is a specific reason to change. This makes
future comparisons easy. In most cases 30-2 or 24-2 test using SITA standard (Humphrey Perimeter) is
adequate.

e Fieldsshould be reliable. Unreliable fields should be ignored and test repeated.

e Field charts should be read in a systematic manner giving due attention to all components of the
printout.

e Diagnosing glaucoma progression on visual field is complex. There is no standard test to diagnose
progression or a universally accepted definition of progression.
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Built in software tools are useful and should be used to diagnose glaucoma and progression on visual

fields.

Visual field must be repeated periodically. The frequency of test depends on severity and stability of

glaucoma.

There are several limitations of visual field testing and they should be kept in mind while ordering and

interpreting visual fields.

For diagnosis of glaucoma visual field changes must correlate with the clinical findings.
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for systematic evaluation.




STANDARD AUTOMATED PERIMETRY
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Fig 2a. GPA printout showing 2 baseline fields in the upper part and VFI plotted against age in the lower part
to get regression slope and rate of progression. There is no progression over a period of 3 years.
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Fig 2b. GPA printout showing event based analysis follow-up examinations. Each follow-up examination is compared
point wise with the baseline examination. Significant changes are marked in the right most column. Open triangle
indicates significant change detected for the first time, half filled triangle means change detected on two consecutive
follow-ups and completely filled triangle means significant change detected on 3 or more consecutive follow-ups.
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FREQUENCY DOUBLING PERIMETRY
AND
SHORT WAVELENGTH AUTOMATED PERIMETRY

INTRODUCTION:

Retinal ganglion cells (RGC) are primarily responsible for the organization and processing of visual functions.
The predominant P cells (80%) have thinner axons, slow conduction velocity and are responsible for high spatial
(fine detail) and low temporal frequency (slow) changes. The K cells (5%) are blue sensitive, whereas M cells
(15%) have thicker axons and faster conduction velocity and are primarily responsible for low spatial (large
object/coarse detail) and high temporal frequency (rapid changes)."

Thus either a preferential damage to these discrete RGC or due to the minimal redundancy in this system, there
may be an ability to reveal glaucomatous losses early. This is the underlying mechanism of action of FDP and
SWAP.

FREQUENCY DOUBLING PERIMETRY

Frequency Doubling lllusion:

First described by Kelly’, frequency doubling illusion causes doubling of a coarse contrast grating which is
rapidly counterphase flickered (Figure 1). Two factors influence whether the illusion is seen-first the spatial
frequency of grating and secondly the temporal frequency at which its contrast is modulated. Typically these
gratings have low spatial frequency (<1 cycles/degree) and high
temporal flicker (>15 Hz). In other words, the number of black and
white bands of a vertical grating appears double when rapidly
alternated. Maddess and Henry® showed a good sensitivity and
specificity in discriminating glaucomatous from normal subjects. The
illusion is believed to be due to the non linearity in visual system's
response to contrast and is thought to be mediated by M cells
(especially My subset; which constitute 3-4% of total RGC's and 25% of
M cell population)® or cortical mechanisms.® Fig 1. Frequency doubling illusion

Frequency Doubling Perimeter:

Two generations of frequency doubling perimeters have been in place. The first generation FDP 1 tests 17-19
points within central field with a large 10° stimulus. The second generation FDP 2 (Humphrey Matrix) tests 54
points within 24°field with a relatively smaller 5°stimulus.

FDP1:

The frequency doubling perimeter measures contrast sensitivity to 0.25 cycles/degree vertical sine wave
gratings that are counterphase flickered at 25 Hz. A large 10° square stimulus is used (compared to 0.43° for
Goldmann Size lll). This target is tolerant to substantial refractive error (+ 6 D). The stimulus isimaged at infinity
and thus bifocals/ progressives are acceptable.

Frequency doubling perimeter consists of a video monitor, internal microprocessor, display panel for selection
and monitoring test progress and a patient response button. It is lightweight (~ 9 kg) with an adjustable table
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Fig 2. Frequency doubling perimeter (FDP 1)

height. There is no chin rest and a visor is kept over untested eye (Figure 2). The background luminance is much
higher at 100 cd/m’(compared to 10 cd/m*for white on white perimetry)

The duration of stimulus is 720 ms, which consists of 160 ms ramping up of contrast, 400 ms at designated
contrast and 160 ms of ramping down of contrast. A variable interval of upto 500 ms occurs between two
stimuli. The ramping of contrast is done to avoid temporal transients at stimulus onset and offset that may
affect response. A response is noted if it occurs between 100 ms to 1 second after stimulus presentation,
otherwiseitis noted as notseen.

Test Layouts:

Two test layouts are available (Figure 3):

C-20 N-30
T™ | T5 N1 | N5
N6 T2 T“/—\"z Ne | Ns
CT \E'-T/ 30°
17 -/m N7 T | 7~ na | N7 NI
T8 | N4 | N8 T4 | T8 | N4 | N8
Temporal Nasal Temporal Nasal

Fig 3. Test layouts for C-20 and N-30 strategies
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C-20: Tests 17 locations in central 20 degrees, consisting of 16 square targets (10° squares) and a central
circulartarget (5°).

N-30: Tests 19 points. It tests additional two pointsin nasal field. These 2 points are tested after threshold has
been evaluated for the 17 central locations by moving the fixation target 10°eccentrically.

Test protocols: Two full threshold and two suprathreshold (screening) tests are possible.

Threshold tests take an average of 4-5 minutes and use modified binary search (MOBS) staircase to determine
threshold. In this, contrast of stimulus is raised if target is unseen and is decreased till unseen, similar to
bracketing on white on white perimetry. Similar to white on white perimetry, false positive (response to zero
contrast), false negative (failing to respond to stimuli of 100% contrast) and fixation losses (responding to a
relatively smaller simulus [1°, 50% contrast] on blind spot; Heijl-Krakau method) are displayed via 'catch trials'.

Suprathreshold tests take an average of 45-90 seconds. The two suprathreshold tests available are denoted as
C-20-1and C-20-5 (Figure 4).

C-20-1: In this a stimulus with contrast which
99% of normal population can see is LEFT EYE LEET BVE
presented. If detected, no further
testing is done at that point. If missed,
the stimulus is presented again with
same contrast and location is labeled = |
P= 1% if patient responds. If missed a . I - Jf- X !
second time, a stimulus with contrast : l J
which 99.5% of normal population can _ _ E———

see is presented. If detected the

Test Duration: 042 Tost Dummtion: 042

WA
L

FIXATION ERRS: 073

location is labeled as P<1%. If missed a FIXATION ERRS: (/3 FALSE POSERRS: 0/3
) ; ) FALSE POS ERRS. (/3

stimulus with maximum contrast

(100%) is presented. If this stimulus is i R P>=5%

seen, the location is labeled as P<0.5% D 1 P<5%

and if missed is labeled as 'not seen a MILD RELATIVE LOSS P<2%

maximum'. Earlier software versions - MODERATE RELATIVE LOSS P<1%

labeled same as mild, moderate and - SEVERE LOSS

severe losses rather than probability

values. Fig 4. FDP C-20-1 (on left side) and C-20-5 (on right side)

C-20-5: Similar to C-20-1 a stimulus with contrast which 95% of normal population can see is presented. If
detected, no further testing is done at that point. If missed, the stimulus is presented again with same
contrast and location is labeled P= 5% if patient responds. If missed a second time, a stimulus with
contrast which 98% of normal population can see is presented. If detected the location is labeled as
P<5%. If missed a stimulus with 99% contrast is presented. If this stimulus is seen, the location is labeled
as P<2%andif missedis labeled as P<1%.

Interpreting the printout:

A typical screening C-20-1 printout and N-30 printout is as shown in Figure 5 and 6. For threshold tests,
conventional limits of reliability (33%) are recommended. The MD and PSD are calculated in same manner as
Humphrey field analyzer and similarly reflect the diffuse and localized sensitivity loss components. The
threshold valuesin FDP are not comparable to those on conventional white on white perimetry.
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Fig 5: Printout FDP C-20-1 test showing

1) Name of test

2) Test date and time

3) Patient details (name, age, eye, test duration)

4) Graphic representation of sensitivity values
on grayscale levels

5) Reliability indices

6) Grayscale legends

Fig 6: Printout FDP N-30 full threshold test showing
1) Name of test

2) Test date and time with patient details (name, age, eye)
3) Test duration

4) Sensitivity values (in HVF equivalent decibel values)

5) Total deviation plot

6) Pattern deviation plot

7) Reliability indices

8) Grayscale legends

In screening tests, where only 3 catch trials occur and test locations are tested only once, it is recommended to
repeat the test even if there is a single false positive response as they can greatly affect test results. (See clinical
examples Figures 7 and 8)

o LA
[

|czo1 |

FALITCLEWL £03

-2 IYT

Fig 7: A PACG patient with bipolar rim thinning showing corresponding  Fig 8. Glaucomatous optic disc with inferior rim thinning and nerve fibre
field defects on C-20-1 and N-30 full threshold FDP and 24-2 Humphrey layer defect. Note the corresponding defects on FDP and white on white
Visual Fields. Note the increased time taken to complete the perimetry

suprathreshold C-20-1 test (2.03 minutes)
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Detection of glaucoma:

The goal of screening is to detect disease with minimum of false positives. That is, the test should have high
sensitivity (true positives) with a very high specificity (true negative). Note that the dimmest stimulus (at 99%
contrast) in C-20-1 is the brightest stimulus tested in C-20-5. A very dark shaded area on C-20-5 will be lightly
shaded on C-20-1. The C-20-1 test uses a conservative test strategy to maximize specificity. In other words, it is
less likely to misclassify a normal visual field as abnormal. Also, it is more likely to miss out on subtle visual field
loss. The high specificity (thereby reducing the number of falsely classified) makes this test more appropriate
for mass screening purposes. Conversely the C-20-5 test has high sensitivity. In other words it is more likely to
diagnose subtle visualfield loss, making it more suitable for ophthalmic clinical settings.

Using C-20-1 various criteria have been described for screening. A criterion of presence of one or more
abnormal points anywhere in field depressed to P<1% gives high sensitivity and high specificity. If we consider
P<0.5% on similar lines, a higher specificity can be achieved. A criterion of two or more abnormal points
anywhereinthe field causes decrease in sensitivity although there is little change in specificity.

On similar lines, criteria for C-20-5 can be used. However in C-20-5 a higher screening sensitivity can be
achieved as stimuli are presented at a contrast that 95% of age matched population is expected to see.
However, the specificity is reduced as compared to C-20-1.

Scoring system on C-20-1 has been described by Patel et al.” This system gives more weightage to central points
as compared to peripheral ones, given the increased variability in peripheral locations. Based on location, the
outer 12 points are scored 1, inner 4 points are scored 3 and the central fixation is scored as 5. Each of these 17
points is further graded from 1 to 3 depending on defect depth. Normal points are scored 0, points with
sensitivity at 1%, 0.5% and most severely involved points are scored 1, 2 and 3 respectively giving a final score
from 0 (Normal) to 87. Overall, Patel scoring showed a sensitivity of over 80% and specificity of 93% for all
glaucoma. In case of moderate and severe glaucoma, sensitivity rose to 95% and specificity to 93%. Individuals
with more severe field losses took longer to finish the test and all subjects with normal fields completed the test
in less than 90 seconds. An FDP sore of 2 or more identified >80% of patients with glaucoma as defined by a
defect on HVF. The authors concluded that an abnormal test can be identified by any defect in central 5
locations or two or more mild defects/ one moderate to severe defectin outer 12 points.

Cello et al’ evaluated the sensitivity and specificity of full threshold C-20 FDP in early (n = 85, MD on HVF < -6
dB), moderate (n = 114, MD on HVF between -6 to -12 dB), or advanced (n =31, MD on HVF -12 to -22 dB)
glaucomatous visual field loss. Receiver operating curves showed sensitivity and specificity of 100% in
diagnosing advanced glaucoma, 96% sensitivity and specificity for moderate glaucoma and approximately 85%
sensitivity and 90% specificity for early glaucoma.

Both MD and PSD show a strong linear correlation to values obtained by white on white perimetry.” However
the grading of severity of visual field loss on MD and PSD on FDP shows disagreements with those obtained on
white on white perimetry.” FDP has been reported to have lesser test-retest variability in areas of relative
sensitivity loss. In case of white on white perimetry, the variability increases as sensitivity decreases. Chauhan
etal”’reported 120% variability in white on white perimetry as compared to <50% with FDP in locations with -20
dBlossin patients with glaucoma.

Glaucoma progression and non glaucomatous diseases

Staging of glaucomatous damage and assessing progression are hampered by coarse sampling grid of 10°
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square. Furthermore, there is a lack of a gold standard test to diagnose or monitor progression in early
glaucoma. Interpretation of progression varies with the type of method used, some showing progression on
SAP alone, others on FDP alone or on optic disc changes. The 'American Academy of Ophthalmology' in its
'Ophthalmic Technology Assessment (OTA)' concluded that FDP is “at best a weak predictor of further damage
to optic nerve assessed by structure or worsening SAP”."

Hemianopic and quadrantanopic defects respecting the vertical midline in white on white perimetry may not
be apparent with FDP. This may occur due to scattered field loss elsewhere in FDP or loss not respecting vertical
midline. FDP is easier to perform and is less influenced by ocular media than SWAP. It is portable, relatively
inexpensive, requires short testing time, is not affected by refractive blur upto 6D, pupil size (if >2 mm) does not
affect the results and it requires minimal training. Besides it is not affected by ambient illumination and shows
reasonably sensitivity and specificity to diagnose moderate and severe glaucomatous visual field defects.
These attributes make FDP suitable for glaucoma screening.

FDP 2 (Humphrey Matrix):

This second generation frequency doubling perimeter (Figure 9)
uses a smaller stimulus size and thus greater test locations. This
helps to pinpoint small localized defects and improves spatial
resolution of field defects. To maintain similar sensitivity resolution
and test retest variability, targets have higher spatial resolution
(0.50 cycles/degrees) and lower temporal frequency (18 Hz or 12
Hz) as compared to FDP 1 (0.25 cycles/degrees, 25 Hz).
Suprathreshold test takes around 1-2 minutes whereas threshold
tests take 3-7 minutes.

Test protocols (Figure 10): Fig 9. FDP 2 (Humphrey Matrix)

Screening (Suprathreshold): There are two

suprathreshold tests. e e
aOojono

(1) N-30-5(-1): Similar to original FDP A OoOdano

(2) 24-2-5(-1): Tests 55 points with 5° target 2 }-an»%:n 10 rg E g g 110

Additional screening test in Matrix as compared | OOdUHaTIan

to FDP 1, which takes longer time than N-30 but o Eimjmin

EZI;SC::ore information on spatial localization of m| | 102 and Macala |

. Fig 10. Test layouts on FDP 2 (Matrix)
Threshold- There are five threshold tests.

(1) N-30-F: It uses 19 point threshold test similar to original FDP 1, but uses 2 reversal MOBS (Modified Binary
Search)instead of 4, making it more efficient and time saving.

(2) 24-2(tests 55 points)

(3) 30-2(tests 69 points) Both of these use a 5° x 5° square target with a spatial frequency of 0.50 cycles/degrees
andtemporal frequency of 18 Hz.

(4) 10-2 (44 points)
(5) Macula (16 points)
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Both of these use a 2°x 2° square target with a spatial frequency of 0.50 cycles/degrees and temporal frequency
of 12Hz. However the smaller stimulus size and lower flicker rate precludes the appearance of frequency
doubling.

Matrix threshold tests use test algorithm known as Zippy Estimation of Sequential Thresholds (ZEST), similar to
SITA. In this, use of information gained from every response at a given location is used to determine final
estimate of sensitivity thus reducing the test time.

Interpreting the printout:

The test results are similar to standard automated perimetry. It includes grayscale, total and pattern deviation
plots, visual field indices and reliability indices. (See clinical examples Figures 11and 12)

T.l:_.' - hareyy ’r—.
i B0 B iy
'IIEE.:IEit "'“u
Fig 11. Normal subject with normal SAP and FDP Matrix Fig 12. Subject with corresponding defects on SAP and

FDP 2 (Matrix) in a glaucomatous optic disc with inferior rim thinning.

Clinical correlation and evidence:

The results for threshold tests are compared to a normative database on over 270 individuals (18 to 85 years of
age). The pattern of visual field loss resembles that on standard automated perimetry. An offset for targets on
both sides of the vertical meridian gives improved ability to diagnose neurologic diseases.

Spry et al” evaluated Humphrey Matrix 24-2 thresholding program in 48 patients who were referred for
suspected glaucoma. Of these, 31% were diagnosed as having glaucoma on optic nerve head appearance. The
sensitivity and specificity levels for FDP and SWAP were noted as 100% and 26% and 80% and 52% respectively.
The authors concluded that both tests yield similar results. Sakata LM et al” on basis of masked assessment of
optic discs defined eyes as normal or glaucomatous. FDP Matrix was abnormal in 51% of eyes with
glaucomatous optic disc and 11% in normals. SITA Standard was abnormal in 44% and 11% respectively. The
difference was not statistically significant.

The 'American Academy of Ophthalmology' in its 'Ophthalmic Technology Assessment (OTA) concluded that
“Matrix seems to perform as well as white on white perimetry but literature does not provide compelling for it
to replace standard achromatic perimetry (SAP), nor its role in management of glaucoma defined

» 11

adequately”.
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Glaucoma patients as well as ocular hypertensives exhibit loss of sensitivity for short wavelength cone pathway
in central visual field. SWAP isolates and measures the short wavelength sensitive pathway which requires a
high luminance of 100 cd/m” broad spectrum yellow background (10 cd/ m*for white on white perimetry) and a
large diameter Goldmann Size V (1.7°) narrow band short wavelength (440 nm) stimulus of intensity 65 asb (as
compared to 10000 asb for white on white perimetry). The stimulus duration is 200 ms.The blue sensitive
ganglion cells comprise 5% of total RGC's and project to Koniocellular cells in lateral geniculate nucleus. Thus
neural mechanisms underlying SWAP are sparse and uniquely designed to be specifically responsive to this type
of stimulus.

The bright yellow background bleaches the red and green
cone pigments and causes isolation of short wavelength
sensitive pathway (Figure 13). However it still remains a

basic threshold perimetry test. Detection of early field

losses in SWAP has been reported. This may occur as it tests
one type of RGC and so the defects may be manifest even if
small numbers of these cells are affected due to the
reduced redundancy of the system.

Full threshold SWAP takes a longer duration of nearly 12
minutes. This has been addressed by introduction of SITA
SWAP which takes nearly 4 minutes. SWAP requires a pre
adaptation to 3 minutes in yellow light. Patients are
instructed that the stimulus may appear blurred. The test
canbedonein30-2,24-2 or 10-2 pattern. = e e — B st

Fig 13. SWAP (note the intense yellow light)

Interpreting the printout Pt e

A typical printout is shown below in Figure 14. On top are -
patient and test details. Similar to white on white e :
perimetry, fixation losses, false positives and false '_
negatives are displayed. Fixation losses can occur in SWAP L e Ealae e s F seae
asthe stimulusis larger and patient with small physiological .5 .

blind spots may show fixation losses despite steady fixation ’
(Figure 14).

Noted below are sensitivity values in dB and grayscale :

representation of results, followed by total and pattern
deviation probability plots and global indices. Note that the
grayscale in SWAP appears darker than white on white - e ot e
perimetry for the same patient (Figure 15). This occurs as
raw threshold values for SWAP are much lower than white 34 iy
on white perimetry (Figure 16) even in healthy eyes and the i
grayscale is not optimized for its dynamic range. Therefore e s T
the grayscale is best ighored in SWAP. It is better to rely on
total and pattern deviation plots and global indices (Figure
16). Similar to white on white perimetry, the total deviation

Fig 14. A typical SITA-SWAP printout (for details see text above).
Note the fixation losses.
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Fig 15. Corresponding SAP and SITA-SWAP of the same patient. Note that the  Fig 16. For clinical interpretation, the grayscale is disregarded.
grayscale appears much darker in SWAP and raw thresholds are much lowerin SWAP  The total and pattern deviation plots and visual field indices
as compared to SAP. are used clinically.

plots in dB and probability values are displayed and pattern deviation plot corrects for generalized depression
toreveallocalized field losses.

Similar to white on white perimetry, SWAP full threshold global indices are given in a box (MD, PSD, SF, CPSD)
along with glaucoma hemifield test result. SITA SWAP displays MD and PSD values. Glaucoma hemifield test
results are displayed as outside normal limits, borderline, general depression of sensitivity, abnormally high
sensitivity or within normal limits.

Clinical correlation and evidence:

SWAP defects appear earlier than white on white perimetry. The loss can be localized or diffuse. Sample PA et
al'* compared SWAP, C-20 FDP and motion-automated perimetry in 136 eyes with glaucomatous optic
neuropathy (assessment of stereophotographs, n=136) and ocular hypertension (IOP =23 mm Hg on at least
two occasions and normal optic disc stereophotographs, n=37). Abnormalities in visual fields for eyes with
glaucomatous optic neuropathy were identified in 46% with standard perimetry, 61% with SWAP, 70% with FDP,
and 52% with motion-automated perimetry. In ocular hypertensive eyes, standard perimetry was abnormal in
5%, SWAP in 22%, FDP in 46%, and motion in 30%. Only 30% (11/37) of the ocular hypertensive eyes showed no
deficits compared with 71% (20/28) of control eyes (P < 0.001). Horn et al*in a cross sectional study used FDP
(C-20-5) and SWAP (Octopus 101, G2) in 43 subjects with preperimetric glaucoma (glaucomatous optic disc
atrophy and no visual field defect in standard perimetry) and 26 with perimetric open angle glaucoma
(glaucomatous optic disc and visual field defect in standard perimetry). The AUC for SWAP was 0.704 for
preperimetric and 0.96 for perimetric glaucoma. The combination of SWAP and FDP increased AUC marginally
for both preperimetricand perimetric glaucoma.
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Leeprechanon N et al*® evaluated 42 patients with preperimetric disc damage and 35 normals in a prospective
case control study. Early glaucoma was defined as glaucomatous disc changes with changes in either HRT or
OCT with normal SAP. The contralateral eye had abnormal SAP results. All patients underwent SWAP full
threshold and FDP (Matrix). Defects on TD and PSD plots were detected more frequently on FDP in the
glaucoma group and was significant for P<0.01 defects on pattern deviation plot (P=0.024). Best discrimination
was seen for SWAP MD (Area under ROC 0.74) and FDP PSD (Area under ROC 0.67) demonstrating only fair
discriminatory ability to distinguish normals from preperimetric glaucoma. Ferreras A et al'’ evaluated full
threshold FDP and SWAP in 278 subjects including 109 preperimetric (abnormal optic disc or RNFL [HRT Il, GDx
VCC, OCT 3000 or stereophotographs] or both with normal SAP), 71 glaucoma (glaucomatous optic nerves and
abnormal SAP) and 98 normals). The sensitivity of FDP and SWAP varied with the criteria of structural damage
from 20% to 100 %. With worsening structural abnormalities, the sensitivity of FDP and SWAP increased. Both
FDP and SWAP were abnormalin one third of eyes with glaucomatous appearing optic nerves.

SWAP defects typically involve a greater area of visual field and may be predictive of future visual field loss."
Polo et al” performed SWAP 30-2 in 160 ocular hypertensive subjects (IOP>21 mm Hg, normal standard
automated perimetry). Subjects underwent RNFL photography and SWAP at baseline. At the beginning, 77 eyes
showed RNFL losses (48%), and 58 eyes showed abnormalities in SWAP (36%). At the end of 3 years, SAP defects
developed in 19% with abnormal SWAP at baseline as opposed to 4% with normal SWAP at baseline. SAP
defects developed in 18% of eyes with abnormal RNFL at baseline as compared to 1% with normal baseline
RNFL. Girkin CA et al compared progression in 24-2 full threshold SWAP and SAP in eyes with progressive
glaucomatous changes of the optic disc detected by serial stereophotographs. The mean follow up was 4.1
years. Progression was noted in 22 out of 47 eyes on stereophotographs. Of these, progression on SWAP was
noted in 12 (55%) and on SAP in 7 (32%) eyes. SWAP was better in discriminating eyes with optic disc
progression than without progression (AUC 0.773 for SWAP versus 0.659 for SAP; P=0.04). These studies
suggest that abnormal SWAP results may be a predictor of subsequent conversion from normal to abnormal
SAP.

However, SWAP is limited by large variability including high short and long term fluctuation. SWAP defects
progress faster than white on white perimetry. SWAP is limited by the dynamic range of the perimeter. As
noted, the raw thresholds are low to start with even in healthy eyes. Thus SWAP is of limited use in moderate
and advanced glaucoma where low raw thresholds may not be discernible and it is recommended to have
standard white on white perimetry. SITA SWAP appears to be as useful as full threshold SWAP.

Thus SWAP is mainly useful in
1) Glaucoma suspects with a normal white on white perimetry
2) Ocular hypertension

3) Glaucoma subjects with mild visual field loss

Advances in technology and analytic tools over the last decade has given us varied ways to assess visual
functionin glaucoma. However definitive guidance on diagnosis and progression over time is still warranted.
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OPTIC DISC PHOTOGRAPHY

Glaucomais a progressive optic neuropathy and hence examination and documentation of the Optic nerveisa
cornerstone of clinical evaluation of a glaucoma patient or suspect. Photography of the optic disc has been in
practice for several decades. Initially, using conventional photos and, more recently, digital imaging.

Stereophotos of the optic disc are best suited for evaluation and documentation as baseline for future
comparisons to determine progression. Stereoscopic photographs consist of image pairs obtained
simultaneously or sequentially with a spatial shift that provides retinal image disparity. This image disparity
allows perception of cup depth and excavation and rim contour. A standard fundus camera can be used to
obtain sequential optic nerve images from two different angles by varying the position of the camera itself or by
using an Allen Stereo Separator. Simultaneous stereophotos require a special camera with beam-splitting
prisms to image the optic nerve. Photos need to be viewed using a stereo-viewer. Alternative newer technology
using a 3D monitor and polarized glasses is now available. Although both methods can provide excellent
stereoscopicimages. The sequential method is inferior for the comparison of photographs over time because it
required the introduction of disparity via manual shift of the camera position. Several studies have reported
that reproducibility of stereoscopic information and disc assessment is better with simultaneous compared to
sequential stereophotography.

The photos need to be centered on the optic disc and preferable 15 degree views so that the details appear
magnified.

Along with colour stereophotos there should be red free photos as nerve fiber layer defects are better viewed.
Thered free photo may be a 30 degree view to include the vascular arcades and macular area.

Few studies have investigated the degree to which masked observers agree in their assessment of photographs.
Intra-observer reproducibility (kappa=0.69-0.96) is consistently higher than inter-observer reproducibility
(kappa=0.20-0.84) in studies evaluating agreement among observers when estimating optic disc parameters
and discriminating glaucoma eyes from normal healthy eyes with stereoscopic photographs. In general, high
inter-observer reproducibility values are obtained when standardized methods are used. Substantial variability
exists in the interpretation of optic disc change, even with expert observers, with kappa values ranging from
0.50-0.96 for intra-observer agreement and from 0.55-0.81 for inter-observer agreement. The inter-observer
reproducibilityin EGPS ranged between 0.45 and 0.75, while intra-observer reproducibility was 0.79-1.00.

When looking for progression, imaging parameters, such as focus, stereopsis, quality, magnification, and type
of camera used, can influence reproducibility. Availability of clear-cut definition for progression and experience
of the reader may also affect the results.

1. the photos may be compared even years later and may be used even for comparison during clinical
examination besides comparing with more recent photos.

2. imaging devices do have problems in certain situations such as high astigmatism, poor media, large
peripapillary atrophy, very large and small disc sizes etc. Photographs may be better suited for
progression evaluationin these situations.
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3. there have been studies showing experts using stereo-photos being able to pick up progression as well
asotherdevices.

Disadvantages of Photography
1. remainssubjective and untrained persons perform less efficiently than trained persons.

2. sometimesjudgment of pallor may be variable depending on other factors.

Monitoring Progression with Optic Disc Photographs

Studies that used optic disc and retinal nerve fiber layer ( RNFL) photography have shown that an increase in
cup area or thinning of the neuroretinal rim, emergence of focal rim notch or splinter haemorrhage at the disc
margin, and thinning of the RNFL, may all precede glaucomatous visual field changes as tested on achromatic
perimetry. Investigations exploring the relationship between optic disc appearance and visual function
measurements, both cross-sectionally and longitudinally, have provided additional evidence that progressive
optic disc and RNFL damage can be detected with photographic data. These studies suggest that quantitative
changes in visual function likely to have predictable qualitative analogues in optic disc photographs. In the
Ocular hypertension Treatment Study, 55% of subjects converted to POAG based on changes in the optic disc
only, as determined by optic disc photographs.

One study reported the use of the flicker method ( stereochronoscopy) for longitudinal evaluation of
monocular colour disc photos. In this method the initial baseline photograph and the follow up photograph are
projected in a fast alternating sequence, the difference between the two would be very easy to identify in this
fashion. The changes identified by the flicker method were usually visible with conventional evaluation as well,
once attention was directed to the altered area. While in this study flicker was very sensitive in detecting
change, inthe EMGT study, only 7% of all 255 patients showed progressive changes in their optic disc during the
entire six years of follow up ( compared to progression of visual fields in 53% of patients). For the flicker method
to be effective all the photographs need to be taken in the same angle. If this is not the case, parallax effect will
cause apparent shifts that may be interpreted as change.

Baseline Photograph showing normal disc Follow up Photograph taken 5 months later, Red Free Photography showing
showing inferior notch and NFL defects inferior NFL defect
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CONFOCAL LASER SCANNING

TOMOGRAPHY
PRINCIPLES AND CLINICAL UTILITY

Introduction:

The optic disc is an important site of glaucomatous damage. In addition this is accompanied by changes in the
retinal nerve fiber layer and adjacent peripapillary tissues. Clinical examination of the optic nerve remains an
important tool in the day to day diagnosis and management of subjects with optic neuropathy. Stereoscopic
magnified evaluation of the optic nerve has become the norm of clinical optic disc examination. Clinical notes
and drawings of the optic nerve has been followed for several decades. Optic nerve photography became
adopted as a tool for documentation and comparison of disc photographs which complimented the clinical
stereoscopic evaluation and the disc drawings. Stereodisc photography using cameras specially designed for it
was also adopted though not universally. Subjective assessment both clinically and on photography is an
important consideration. A shift in techniques and technology towards a more objective and accurate
documentation system which allows for follow up over time was an important goal. This was the basis of the
development of several objective and accurate imaging tools amongst which is the confocal scanning laser
ophthalmoscope also known as the Heidelberg Retina Tomograph.

Confocal Sanning Laser Tomography.

Basis of Function: The Heidelberg Retina Tomograph is a scanning laser ophthalmoscope specially designed to
acquire three dimensional images of the optic nerve head, retinal nerve fiber layer and posterior pole. A rapid
scanning 670nm diode laser is used to acquire images, without mydriasis. Images are obtained non invasively,
atlow illumination and rapidly.

The HRT Il and HRT Il acquire reflectance images (16-64) to a depth of 4 mm. These are consecutive and
equidistant two dimensional optical section images. Each successive scan plane is 0.0625 mm deeper. Thus if
scanning of 1 mm. depth is needed, 16 imaging planes will be scanned. If itis 2 mm. depth then there will be 32
imaging planes and so on to a maximum depth of 4 mm. These are joined together to provide a three
dimensional contour map of the optic disc surface. An area of 15deg by 15 deg is imaged. The topographical
image consists of more than 147000 independant local height measurements. The images obtained have high
spatial resolution. A lateral resolution of 10 um is achieved. Three scans are included for analysis and storage
from the prescans. The software automatically aligns these scans and averages the values to create the mean
topography scan for the individual.

Method of Imaging Optic Disc: The patient is asked to sit in
front of the instrument and to look at the internal fixation
target. (Fig. 1) The actual imaging may take place in 10 seconds
and in practice the eye may be imaged in less than a minute.
The corneal curvature has to be entered for the subject and the
manifest refraction. A cylinder of more than 1 dioptre refractive
error is corrected by attaching cylindrical lenses to the HRT.
Each scan gives a standard deviation value. A value of under 20
pum indicates an excellent image, 20-30 um a very good image

and 30-40 pman acceptable image- Fig 1. Showing the operator and subject using
the Heidelberg Retina Tomograph.
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Once theimage has been obtained the contour line should be drawn. This identifies the margin of the optic disc.
The reflectance image may be used for this. When in doubt about the exact border of the optic disc, one may
identify the contour of the blood vessels, the peripapillary atrophy, and other visual cues. It is also helpful to
visualise the colour optic disc photograph (Fig. 2) to delienate the margin with the help of the drawing tool
provided. This is the most important manual part of the imaging. Once this is done the several parameters of
the image will automatically be generated. Once the contour line is done, the software automatically creates a
reference plane, (Fig 3) parallel to the peripapillary retinal surface and located 50 um below the retinal surface
as measured along the contour line in the papillomacular bundle (350deg. to 356deg). This reference line
serves as the base with which the height of the retinal nerve fiber layer is measured along the retinal surface all
around the disc along the contour line. In addition the reference plane serves to separate the disc into the rim
and the cup. The colour coded optic disc image provides for identification of the rim (green), rim slope (blue)
and cup (red).

V-

Cup
Fig. 2. Optic disc of the subject for Fig. 3. Reference plane is located 50 um below the mean height of the retinal surface along the contour
whom the CLSO images are shown. line, between 350deg-356 deg. (papillo-macular bundle). Volume enclosed by the contour line and

located above the reference plane is the rim. Below is the cup.
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Fig. 4. Showing colour coding of neuroretinal rim and cup, optic disc segments on CLSO and Moorfields Regression Classification.
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Parameters. The morphometric parameters besides the optic disc areainclude cup area, cup discarearatio, rim
area, cup volume, cup depth, retinal nerve fiber layer thickness and cross sectional retinal nerve fiber layer
area. These parameters are available for the entire optic disc (global) and for the different segments of the optic
disc. The optic disc in the HRT imaging can be for purposes of measurements, analysis and follow up be
segmented in various ways. The most common is in 6 segments: superotemporal, temporal, infero-temporal,
infero-nasal, nasal and supero-nasal. (Fig 4)

Aselection of the measurements that are generated by the HRT are as follows.
1. Disc Area (mm?2). Thisis the area bounded by the contour line, indicating the area of the optic disc.

2. Cup Area (mm?2). This is the area of the optic disc cupping and is seen as the area enclosed by the
contour line, which is located beneath the reference plane. It appears as a red overlay on the
topographyimage.

3. Rim area (mm?2). Thisis the area of the neuroretinal rim and is seen as the area enclosed by the contour
line, which is located above the reference plane. It appears as either blue or green on the topography
image. (blue-sloping and green- stable neuroretinal rim)

4, Cup Volume. The volume of optic disc cupping, defined as the volume enclosed by the contour line and
located above the reference plane.

Cup/Disc Area Ratio: Ratio of area of optic disc cupping to area of the optic disc.

Linear Cup/Disc Ratio: The average cup disc diameter ratio calculated as the square root of the cup/disc
arearatio.

7. Mean Retinal Nerve Fiber Layer Thickness: The mean thickness of the retinal nerve fiber layer
measured along the contour line, and meaured relative to the reference plane.

8. RNFL Cross Section Area (mm?2) Thisis the total cross-sectional area of the retinal nerve fiber layeralong
the contourline, and measured relative to the reference plane.

In the print out, the parameters from the normative database of the particular ethnic group (Caucasians,
African Americans and Indians) are given and compared with values obtained in the particular patient. When
the parameters are different from the normative values, significance values are highlighted helping the
cliniciansintheinterpretation.

Moorfield Regression: The Moorfields regression was derived at Moorfields Hospital on normal subjects. The
regression has as its basis the log of the rim area plotted against the disc area. Thus if for a particular disc, the
rim area/disc area ratio is less than expected in a normal population, then one may suspect that the patient has
glaucoma. The Moorfields regression analysis may also be performed for the different segments of the optic
disc. The upper limit of the disc size to be acceptable for the MRA was about 2.8 mm2. However the new
databases may enable the MRA to be acceptable for disc sizes between 1 to 3.6 (caucasian database). It may not
be utilised or only with caution in discs smaller or larger than mentioned. The Moorfields regression is
represented in a bar form representing the rim as green and the red as the cup. There are three lines that cross
the red green bar. The predicted line, which is the average or predicted relationship between log neuroretinal
rim area and optic disc area. The lower three lines represent the lower 95%, 99.0% and 99.9% prediction
intervals for the same relationship. Thus for the 95.0% prediction interval, 95.0% of normal eyes would be
expected to have a neuroretinal rim area above that interval line. The same principal would apply for the lines
representing 99.0% and 99.9% predictionintervals. (Fig.4)

Bilateral Print Out. An informational print out of both eyes is now available. It includes information about the
patient and the disc area. It further includes the linear cup disc ratio, cup shape measure, rim area, rim volume,
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height variation contour and retinal nerve fiber layer thickness. Values are provided for each eye, including the
asymmetry by subtracting the left from the right eye values. Significance values as comparison with normative
data andsignificance values for asymmetry are also provided. (Fig 5)

Progression Analysis. Progression is the hallmark of glaucomatous disease and plays an important role in
defining the further management of glaucoma subjects. Height measurements taken at pixels are used to
compare change between baseline and follow up examinations. Probability and significance is arrived at by
comparing the baseline with the follow up measurements. When the error probability of the height change is
less than 5% for rejecting the equal variances hypothesis it indicates a significant change at the corresponding
location. For topographic change analysis one baseline and 2 follow up examinations are required. In the image
for topographic change analysis, there is a change map, a probability map and a significance map. Areas in red
are those which show a depression and areas in green are those which show elevation. The exact valuesin area
and volume and the change can be obtained by pressing the mouse at the location of change. (Fig 6) A cluster
change graph may also be obtained which shows the area along the Y axis on the left, the volume on the Y axis
on the right and the time interval and examination date on the X axis. A change in the normalised values of
stereometric parameters vs. time may also be displayed in a graph for different segments.
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Fig. 6. Showing the Topographic change analysis and Stereometric Progression Chart.
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Clinical Cases:

Case 1. Asixty year old gentleman (Fig. 7, 8, 9 and 10) presented with visual acuity of RE6/9 and LE 6/18. He was
using Beta blockers in both eyes. IOP RE was 18 mmHg and LE was 34 mmHg. Gonioscopy showed open angles
in both eyes. Central corneal thickness was RE 536 and LE 535 um. The optic disc area was 2.29mm’ and 1.89
mm’. Optic disc RE, showed sloping of the superior neuroretinal rim and decreased visibility of RNFL superiorly
compared to inferiorly. The LE showed loss of neuroretinal rim superiorly and inferiorly with RNFL loss more
superiorly than inferiorly. Automated perimetry showed early visual field changes in RE and superior
paracentral, inferior arcuate, paracentral and nasal loss in LE. Confocal laser scanning tomography showed
reduced height of the contour line from reference plane in the superior pole of RE and a flattened plateau
contour line with loss of the double hump pattern in the LE. The Moorfields regression was within normal limits
in RE and it was outside normal limits in the LE. Given are figures ofimportant valuesin RE and LE.

Fig. 7. Optic disc Right Eye of case 1. Fig. 8. Optic disc of Left eye of Case 1.
Greyscale of value Greyscale of value
300 300

Fig. 9. Visual field of Case 1. RE mean detect -0.2dbs and LE 6.5 dbs
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Fig. 10. Moorfields regression for Case 1 RE and LE.
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Case 2. A sixty year elderly lady (Fig. 11, 12, 13, Table of Values. for Case 1.

&14) presented with a visual acuity of 6/9 in RE | parameters (oo Global || Parameters (05} Global
and 6/9 in LE. She was using prostaglandins o2 220 I—— 28
once a day in both eyes. IOP was BE 14 mmHg.

A . Cup area [mme] 0.45 cup area [mmd] 113
Gonioscopy showed open angles in both eyes.
Central corneal thickness was RE 519 um and LE | "™ = ™™ R ||Amemind i
517 um. The optic disc size was RE 1.72mm?2 | cupidiss area ration ik CHjpichs v aon e
and LE 2.09mm?2. Optic disc RE was obliquely | cup volume jmm?] o.07 cup volume (M) 047
oval with inferior extension of the cup with 10Ss | rean RNFL thickness fmmi 0.28 mesan FINFL thickness [mm] 0.1
of inferior rim. The RNFL showed significant 10SS [Gna crocs sectionsl ares T R T e
inferiorly. There was narrowing of the inferior H=TL  {fanv )

. . . . linear cupidisc ration D48 linear cup/dise ration 0.77

temporal retinal arteriole with increased

inferior tesselation. Optic disc in LE was

horizontally oval with inferior loss of neuroretinal rim and generalised retinal nerve fiber layer thinning
inferiorly. LE also showed narrowing of the inferior temporal retinal arteriole with increased inferior
tesselation. Automated perimetry showed the presence of superior arcuate and nasal loss in RE and nasal loss
in LE. The contour lines show significantly reduced height for the inferior poles in both eyes indicating a loss of
retinal nerve fiber layer thickness. The bilateral report shows a comparison of parameters between the right
and left eye.

Qualitative evaluation of the optic disc remains
a very important and reliable expertise in the

Table of Values for Case 2.

diagnosis and management of glaucoma. |parsmelers{oD) globsl | paramsiers (OF) giobal
However it is important that subjective and | s are fme] 172 | disc anea [me| 208
gualitative clinical expertise is supported by |cuparesmm| 192 | cup area mm) 138
objective measurements. This is relevance of | rmareamm 08 | rimanea fmm] 071
the HRT. HRT measurements are reproducible | cupiisc arss ration || 085 | cupidiscarea ration || 068
and have small values of between 25 t0 49 um | cup valume [mm| 047 | cup volume fmm?] 051
SD for relative height values and 0.04 to 0.06 | mean AMeL thickness [mm) 008 | maan ANFL thickness jmm| 015
mm2 for rim or cup area. Several studies have [aue( cres sectionsl ares [mm] 041 | RNFL cross secional area fren) P
evaluated the utility of CLSO for diagnosis in ——— PR (Sem— o

glaucoma. The sensitivity of HRT as a diagnostic
tool has varied from 74 to 92 and of specificity
from 81 to 97 in different studies. These are in
agreement to that of an expert observer assessing the optic disc on stereoscopic photographs. While abnormal
results on HRT suggest structural damage, they should always be considered in association with a patients
history and the established methods of clinical assessment of the glaucoma subject. Never in isolation. It is not
asubstitute but an associate of clinical evaluation. The segmentation of the optic discin sectors may enable one

Fig. 11. RE Optic Disc of Case 2. Fig.12 LE Optic Disc of Case 2

Clinical Implication and Conclusions:
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to further identify patterns of glaucoma damage evolution in terms of loss of neuroretinal rim and retinal nerve
fiber layer. This may indicate modalities to preempt significant loss in areas of greater visual potential. Objective
measurements may help us identify and define parameters that constitute normal, suspicious and abnormal
and help in the classification of glaucomatous damage. This has implications in standardisation of research and
clinical findings.

Cusabty: Excollont {30 33 | _m Ouaity; Good (5026 pmy
Greyscale of value Eocus: 2.00 dpt . - qu‘:u-? 1m:h'5| W
300 Cparatar; Nikhil oo 05 Dperator Nidl

Disc Size; 1.78 mm® |

Dise Siza: 1.85 mm?  [average)

Cup
Linear Cup Disc Ration | |
081 m| Asmymmelny o | a0 ~
o
P 02 [ Pl 00
Cup Shaps Measure [ |
apa o Agymimairy Frn o
R
P=0005 P=r27 P=008
RIM
i Area [men]
a&y ™ Agpmmay o an
4N
P=0001 Peb.32 P00
Rim Valuma [men?]
oos W Amymimetry o g
-0.08
Greyscale of value P, i Pail:34 P 001
300
RMFL
Hedght Variation Contour [mm]
Azymmanry
oz o M| o
P=0005 P=nZ P=03 J -
Masan AMFL Thicknass [mm] RHFL Pralile
' Aaymmeiy o
| o Wiren normal bmis 005 s 08 nan Commenis:
_ | ‘Boraeina Pl P 007 Pap 22 Pelio01
E'm muererp biedy o0 00 ' Eve B I 7% |
T e _‘:,. 1 e [ma i W] T 1
S — R T =
AMFL Profie Medan ar i
A
e By
Comeinad ANFL Proflis
Fig.13. Case. 2. Automated perimetry- grey scale. Fig. 14. Showing bilateral print out of HRT with information about
RE Mean defect 3.9dbs. and LE mean defect optic disc morphometric parameters and inter eye comparisons of Case 2.
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Glaucomaiis a progressive optic neuropathy characterized by pathological loss of retinal ganglion cells and their
axons, the Retinal Nerve Fiber Layer (RNFL) with or without associated visual field loss. The loss of Retinal
ganglion cells in glaucoma is irreversible; therefore early detection of its presence and progression is critical to
management of glaucoma. Although standard automated achromatic perimetry (SAP) has been the most
commonly used method to assess presence and progression of glaucoma, several studies have shown that
deterioration of the optic nerve head (ONH) and retinal nerve fiber layer (RNFL) often precede the visual field
loss detected by perimetry by a number of years. Besides perimetry is subjective method of evaluation and
depends on various parameters. Structural analysis with an imaging device that provides objective measures
has been recommended by various international guidelines to be included in the standard exam of all glaucoma
practices’. Scanning Laser Polarimetry (SLP) is one of the objective tests that provide quantitative analysis of
the retinal nerve fiber layer (RNFL) thickness using confocal polarimetric scanning laser ophthalmoscope. It is
alsofastand easy touse ™.

SLP uses polarized laser light to measure the retinal nerve fiber layer's thickness (RNFL). RNFL s a highly ordered
array of parallel axon bundles that contain microtubules, which contribute to the birefringence. SLP with a
variable corneal compensator (GDxVCC) provides an accurate and reproducible measurement of the RNFL
thickness, based on the principle that polarized light passing through the birefringent neuronal microtubules
(RNFL) undergoes a measurable phase shift, known as retardation, which is linearly related to histologically
measured RNFL tissue thickness alteration (Retardation) it produces in the polarization of light passing through
it. The retardation measured is converted into a measure of the retinal nerve fiber layer thickness based upon
the assumption that there is a linear relation between the thickness and optical properties of this layer.SLP
collects and analyzes data points in the 15° field around the optic nerve. It identifies the 1,500 thickest data
points in the superior and inferior quadrants and the 1,500 median data points in the nasal and temporal
guadrants. From these data points, it performs its calculations.The software of GDX compares an individual
patient's results against a normative database for analysis against patients of the same age, sex and race. The
database's age range is 18 to 80 years. If a patient is outside this age range, you won't have statistical norms to
compare against, but you'll still getinformation about the RNFL.

The available models of the GDx are as under: GDx VCC, GDx ECC, GDx pro. The GDxPRO is current evolution in
GDx technology thatis backward compatible with the last generation of GDx.

1. Early and moderate glaucomatous damage for identification of damage as well as for follow ups to see
the progression of the disease.

2. Advance cases: Limited role, but can be of help when perimetry may not be possible.

Preperimetric Glaucoma: It helps in identifying loss before it is seen on visual field °; This is very useful in
ocular hypertensive patients.

4, Glaucoma suspects: Patients with suspicious looking disc, large disc large cup. In a clinical setting,
especially GDx may be helpful for identifying glaucoma suspect patients at risk of developing
glaucomatous visual field loss. Further scanning laser polarimetry using the GDx VCC has been found to
be animportant toolin defining the management strategies of glaucoma suspects’.
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5. Progression analysis: This provides rates of structural change in glaucoma patients. Literature review
suggests that the scanning laser polarimetry (SLP) provides quantifiable and reproducible
measurements of the optic disc and peripapillary retinal nerve fiber layer (RNFL). Rates of change as
qguantified by the RNFL thickness is related to glaucoma progression as detected by conventional
methods”® (eg, visual fields and optic disc photography).

6. Itisalso usefulin monitoring neurological patients.

The GDx VCCreport contains number ofimages:

1. Patient's Identification Data: The name and the birthdate of the patient are especially important. Correct age
of the patient allows for an appropriate comparison of patients with the normative database incorporated in
the machine.

2. Disc Dimensions: The objective assessment helps in comparison with the normal disc size, inter —eye
symmetry and identification of any abnormality.

3.Image quality score: Animage quality score of equal to or greater than 8 is necessary to get a good final image
report.

4. The reflectivity (fundus) image: It allows checking for image quality. It allows an assessment of how well
centered the annulus is on the optic disc. Colored intensity map (greater reflectance corresponds to a lighter
color). The higher reflectivity usually suggests good RNFL thickness.

5. The retardation ( RNFL thickness) image: The retardation image also known as thickness map displays RNFL
thickness in a color-coded format. A heat map of RNFL thickness, with hotter colors representing greater
retardation values (and, therefore, thicker RNFL).

Thick RNFLvalues-yellow, orange, red, Thin RNFLvalues - dark blue, light blue, and green

True Wedge defects: Two criteria define a true RNFL defect. First, the defect must extend back to the optic nerve
usually superotemporal or infrotemporal in location and second, it must be at least as large as an arteriole.
Remember, too, that not all NFL defects represent glaucoma. Some artifactsin the fundus are pseudo- defects;
also, 7% of normal patients will have NFL defects.

6. The statistical deviation image: The statistical deviation image highlights pixels in which retardation values
fall below those in the normative database. The color of the pixel indicates the level of probability of deviation
from normal, with the probability values displayed in the central panel. This reveals location and magnitude of
RNFL defects over the entire thickness map.

7. Temporal-Superior-Nasal-Inferior-Temporal (TSNIT) graphs: (RNFL profile plots). The TSNIT graphs (RNFL
profile plots) display the RNFL thickness values around the measurement annulus in relation to the statistically
normalrange. The center panel allows an appreciation of the symmetry between the 2 eyes.

8. Parameter Table: The TSNIT parameters are summary measures based on RNFL thickness values within the
calculation circle. These parameters are automatically compared to the normative database and are quantified
interms of likelihood of normality. Three average values are calculated:

TSNIT Average refers to the average RNFL thickness around the entire calculation circle.

Superior Average refers to the average RNFL thickness in the superior 120° region of the calculation
circle.
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Inferior Average refers to the average RNFL thickness in the inferior 120° region of the calculation circle.
Normal parametervalues - green letters in white box
Abnormal values - color-coded based on their probability of normality

Normal eyes - good symmetry, values around 0.9.

9.The Nerve Fiber Indicator (NFI): NFl is a global measure based on the entire RNFL thickness map is calculated
using a support vector machine algorithm based on several RNFL measures. The cut-offs suggested by the
manufacturer are 0 to 30 for within statistically normal limits, 31 to 50 for borderline and 51 to 100 for outside
statistically normal limits. NFl is a single number, ranging from 0 to 100, indicates the likelihood of glaucoma
existing in the patient at the present time. It doesn't tell whether glaucoma is advanced or progressive, simply
whether it's present. The closer to 0, the more likely the patient is normal; the closer to 100, the more likely he
has glaucoma.
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Sensitivity:

1. In a study to compare the sensitivity and specificity of retinal nerve fiber layer thickness (RNFLT)
measurements made using RTVue-100 Fourier-domain optical coherence tomography (RTVue-OCT)
and scanning laser polarimetry with variable (GDx-VCC) or enhanced compensation (GDx-ECC), it was
found that all methods were similarly highly specific, but for localized RNFLT damage RTVue-OCT was
statistically and clinically significantly more sensitive than GDx-VCC and GDx-ECC. However most of the
cases detected with glaucoma were identified with all 3 methods’.

2. In another trial the Diagnostic accuracy of SD-OCT and GDxVCC were compared using typical scans
(TSS=100). It was found that decreasing TSS is associated with a decrease in diagnostic accuracy for
discriminating healthy and glaucomatous eyes by scanning laser polarimetry. NFl was less influenced
than the global or sector retinal nerve fiber layer thickness. Most importantly, the TSS score should be
included in the standard printout™.
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3. Some trials have also been conducted to evaluate the sensitivities for dissimilar disc sizes .It was
concluded that that sensitivities were not significantly different for the GDx VCC (P=0.928) Logistic
marginal regression also showed that sensitivity of GDx was independent of the disc size. However the
sensitivity increased with increasing disease severity (decreasing mean deviation). "

1. Longitudinal progression in NFl obtained with GDxVCC was significantly correlated for 3-5 years with
thatin HFA parameters, such as Mean Deviation and Pattern Standard Deviation®.

2. Various studies have shown that the GDx VCC is able to detect longitudinal change in the RNFL of eyes
with progressive disease detected by conventional methods optic disc stereo photographs and/or
visual fields™.

3. Some authors investigated the impact of retardance pattern variability on retinal nerve fiber layer
(RNFL) measurements over time using SLP with variable (GDx VCC) and enhanced corneal
compensation (GDx ECC).Glaucoma suspect and glaucomatous eyes with 4 years of follow-up
participatingin the Advanced Imaging in Glaucoma Study were prospectively enrolled’.

4. An Observational cohort study was done in 431 eyes of glaucoma and glaucoma suspect, 34 eyes (8%)
showed progression by SAP and/or optic disc stereo photographs. The GDx-GPA detected 17 of these
eyes for a sensitivity of 50%. Fourteen eyes showed progression only by the GDx-GPA with specificity of
96%. Positive and negative LRs were 12.5and 0.5, respectively”.

5. Atypical Retardation Patterns had a significant effect on detection of progressive RNFL loss with the
GDx VCC. Eyes with large amounts of atypical patterns, great fluctuations on these patterns over time,
or both may show changes in measurements that can appear falsely as glaucomatous progression or
can mask true changes inthe RNFL™.

6. Thereis an agreement for detecting progression with the GDx Guided Progression Analysis, automated
Perimetry and optic disc photography"’.

Does not measure actual RNFL thickness (inferred value).
Measures RNFL at different locations for each patient.

Does not differentiate true biological changes from variability.
Limited use in moderate/advanced glaucoma.

Requires a wider data base from the Indian population.

Young children database not available.

N o vk wnNne

Difficult in nystagmus very small pupil and media opacities like cataract, corneal pathology, vitreous
opacities etc.

8. Affected by anterior and posterior segment pathology like:
e Ocularsurface disorders

e Macular pathology - Disruption of the Henle's layer by macular disease can result in failure of the
strategies for neutralization of corneal birefringence required for accurate SLP with VCC.

e (Cataractandrefractive surgery

e Refractive errors (false positive in myopia)
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e Peripapillary atrophy (scleral birefringence with RNFL measurement)
e ?HighlOP mayinfluence

9. Atypical Retardation Patterns had a significant effect on detection of progressive RNFL loss with the
GDx VCC. Eyes with large amounts of atypical patterns, great fluctuations on these patterns over time,
or both may show changes in measurements that can appear falsely as glaucoma progression.

10. Lack of histological validation of Scanning Laser Polarimetry (SLP)

11. Backward compatibility: Recent versions of GDx are not compatible with previous versions, making it
difficulttotrack long-term progression in patients while upgrading to the latest technology.

A 51 year old male (routine check up) diagnosed to have suspicious looking optic disc.Systemic history:
Hypertension, Diabetes mellitus. No family history of glaucoma. No past ocular systemic history. BCVA : OD:
6/6 (- 3.0 Dsph), 0S: 6/6P (-3.0 DDsph). IOP(Applanation) : OD: 17 mmHg, OS: 12 mmHg. Pachymetry: OD: 505
pm, OS:510 um. Both eyes Slit lamp examination —normal . Gonioscopy showed angles wide open visible up
to scleral spur. OU Fundus—Normal. Optic nerve: RE—C/D 0.6 deep cup with inferior notch, RNFL wedge defect
at inferior pole. LE- Normal C/D - 0.4, healthy neuroretinal rim. Visual field 30-2 SITA STD: RE — Superior
altitudinal scotoma. LE showed field changes in superior arcuate region, not matching the disc changes.GDx
VCC - showed RE as well a LE inferotemporal wedge defect on retardation map as well as deviation map. RE
changes were more than LE . Diurnal variation for intraocular pressure was carried out, which ranged between
15-19inrighteyeand 13-20inleft eye.

Discussion: This case present to us with dilemma of having normal tension glaucoma in right eye which is having
typical glaucomatous disc changes and corresponding visual field changes and left eye normal as IOP and disc
changes. The diurnal variation was not showing high spike.The question arises that in left eye which has normal
looking optic disc and IOP. But the visual field changes in superior hemisphere is not matching the clinical
impression. GDx VCC showed positive changes in both eyes. GDx VCC confirms the structural damage. This
asked for more vigourous investigations and management. Disc photography was done which also showed a
small wedge in left eye. Patient was then asked to stop antihypertensive medication for 2 days and repeat

Fig : RE visual field, LE visual field, GDxVCC:
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diurnal variation showed early morning spike RE- 24, and LE — 27 mm of Hg. So both eyes diagnosis of POAG is
made. Scanning laser polarimetry GDx is a subjective, reproducible test. It detects structural damage (RNFL
loss) earlier than functional test. It not only adds to the clinical judgment but also guides us for management.
This test to be included as a routine in all cases of ocular hypertension, early to moderate glaucoma, large disc
large cup or suspicious looking optic nerve not only for diagnosis but also for monitoring the disease.

Case-2

39 year male was diagnosed to have an ocular
hypertension before 4 years based on normal visual
field examination and disc evaluation using slit lamp
biomicroscopy. His IOP on Applanation was - RE - 24
mm Hg, LE - 25 mm Hg respectively. Pachymetry -RE -
548 micron, LE - 540 micron. Fundus—BE—C/D 0.7 with
healthy NRR . Gonioscopy — BE - Open angles grade 3. HE ih
SLE—NAD.BCVA RE:6/6 -8.5Sph/-1.5Cyl@20,LE: = =
6/6 -6.0Sph/-1.75Cyl @ 160 GDx VCC was normal in = =7 = =

both eyes. Visual field - SAP — 30-2 normal in BE. GDx iEdel i A S =

VCC — BE — normal , repeated every year. Visual fields = e . S
repeated every year and found to be stable. In absence b e : _—

of field defects and other risk factors, he was kept under : : =
observation with frequent monitoring for 3 years
follow ups.
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At 4 years of follow up, the GDx VCC evaluation revealed superotemporal defects in both eyes. The GDX
revealed progression while visual fields were still normal....medical therapy for raised IOP was initiated using
PG analogue lowering IOPto 17 inREand 15in LE respectively.The case represents the ability of GDx VCCto
detect changes objectively before they are detected using field evaluation and disc evaluation and secondly to
detect progression of disease before other parameters.

Retinal Nerve Fiber Layer measurements obtained with the GDx have been found to be highly reproducibleina
long-term situation, supporting the use of this instrument for longitudinal assessment of the RNFL. It is also a
useful adjunct for the early diagnosis of glaucoma cases. The GDx VCC scanning laser polarimeter is able to
identify longitudinal RNFL loss in eyes that showed progression in optic disc stereo photographs and/or visual
fields. These findings suggest that this technology could be useful to detect and monitor progressive disease in
patients with an established diagnosis of glaucoma or suspected of having the disease. Its application in the
management of advanced cases of glaucoma remains limited. Cautionshould be exercised when using the GDx
VCC for longitudinal evaluation of the RNFL in eyes with atypical retardation patterns. A word of caution when
using the GDx VCC in screening for glaucoma. The results should not be used in isolation, but in conjunction
with conventional methods of optic disc and visual field assessment.
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OPTICAL COHERENCE
TOMOGRAPHY

Glaucoma is an optic neuropathy with characteristic optic nerve appearance and visual field loss for which
elevated intraocular pressure (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).Worldwide, glaucoma is the most common cause of irreversible blindness and the second leading cause of
blindness’. The optic disc and the RNFL are the principal sites of apparent glaucomatous damage which
precedes glaucomatous visual field alterations.In 60% of reported cases, RNFL defects preceded detection of
visual field defects by approximately 6 years’. Accurate early detection and monitoring of ONH and RNFL
defects has become the prime focus of effective management of glaucoma.

Optical coherence tomography(OCT) is an imaging technology that employs low-coherence interferometry to
obtain cross-sectional images of the ocular tissues. The principle of OCT is analogous to that of
ultrasonography,but uses light instead of sound to acquire high resolution images of the ocular structures. A
beam of lightis shone on the eye and reflections returning from the structures are analysed to produce realtime
images.

A light source is directed to a partially reflecting mirror that splits the light into two beams: one is directed
towards a mirror placed at a known distance (reference mirror) and the other is directed towards the eye, from
where it will reflect back. The back-reflected light from the eye is combined with the back-reflected light from
the reference mirror and coherent light is compared. Interference is produced when two light pulses coincide.
The reference mirror is then moved so that the time delay of the reference light pulse can change accordingly
and therefore other intraocular structures can be measured. The laser beam is passed throughout the tissue
and a series of scans are obtained to produce a two-dimensional map.

Posterior segment OCT uses light of 830nm to obtain images of the posterior segment structures such as optic
nerve head (ONH), retinal nerve fibre layer and macula. It has software that facilitates image acquisition,
storage, retrieval and analysis. Several topographic ONH parameters are automatically calculated and are
reported along with a colour-coded map and ONH topographic map.

OCT has evolved through different modifications from OCT1 to Fourier domain/Spectral domain OCT. The
newer method of spectral-domain (SD) OCT has higher speed and resolution than its predecessor, Stratus OCT.
Spectral-domain OCT also captures 3-dimensional images of optic disc and surrounding tissue components.
Three of the commonly used SD-OCT devices are the Spectralis(Heidelberg Engineering, Dossenheim,
Germany), the Cirrus (Carl Zeiss Meditec, Dublin, CA), and the RTVue(Optovue Inc., Fremont, CA).

Axial resolution of Spectral-domain (SD) OCT is twice higher (5—-7 microns) than Stratus OCT (approximately 10
microns). The SD OCT instruments can acquire B-scans 45 to 130 times faster than Stratus OCT and multiple B-
scans can be acquired at the same location, when averaged results in a speckle-noise-reduced image with
clearly distinguishable boundaries between retinal layers. It also has 3-dimensional (3-D) eye-tracking system
(SpectralisHRA_OCT; Heidelberg Engineering, Heidelberg, Germany) that reduces motion induced artifacts.
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Stratus OCT

Spectral Domain OCT

Fig 1: showing higher resolution and clearer delineation of retinal layers with Spectral OCT.

Macular Six 6mm
Béin radial line

sCans

Three
RNFL 1.73mm
Scan radius circle

scans
Optic Six 4mm
Nerve Head radial line
Scan scans

INTERPRETATION OF OCT:

QUALITY ASSESSMENT:

1. Appropriate centration of the peripapillary

for accurate
measurements of RNFL thickness.

circular scan is essential

2. Signal strength value of the scan should be

greaterthan 5.

3. Homogenesity of the RNFL scan is important
since loss of reflectivity can affect the overall

quality.
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The below figure shows normative data of Stop-Light color scheme scan with areas of defect in any given
patient (normative population). This helps the physician to easily read the chart without much difficulty.

CIRRUS OCT RNFLAND ONH ANALYSIS REPORT

1. Key Parameters, compared to normative data
are displayedinatable format. i it M

b By T ™

2. RNFLthickness mapisa topographical display FL and ONH-Optic Disc Cube 200x200 oD@ @05
of RNFL. o e

3. RNFL deviation map Shows deviation from b 4 \

normal. ’
1.

4. Neuro retinal Rim Thickness profile is matched
to normative data.

5. RNFL TSNIT graph displays patient'sRNFL
measurement compared to normative data.

i?i*"i

6. RNFL Quadrant and clock hour average
thicknessis matched to normative data.

7. Horizontal and Vertical B scan are extracted
from the data cube. RPE layer and disc
boundaries are shown in black.ILM and cup
boundariesare showninred.

8. RNFL Calculation circle shows boundaries of
the RNFL layer segmentation.

CIRRUS OCT GLAUCOMA PROGRESSION ANALYSIS REPORT
1. RNFLThickness maps—Provide a topographical

display of RNFL for each exam. - e SRR
2. RNFL Thickness Change maps — demonstrate — - — e

change in RNFL between exams. Up to 6 GPA:Optic Disc Cube 2002200 oo C[eos

progression maps are compared to baseline. sl Mo

Areas of statistically significant change are - -'-’-:= ':-T:-': -

color —coded yellow when first noted and then o taE

red when the change is sustained over EEE

consecutive visits.

(-
3. Average RNFLThickness—values are plotted for @mg@

each exam. Yellow marker denotes change PRS- o P
from both baseline exams. Red marker denotes El STia [ —v—u—

change sustained over consecutive visits. Q@ | et .M
o

4. RNFL Thickness profiles — TSNIT values from

exams are plotted. Areas of statistically SRR e
significant change are color — coded yellow ;.5'-1_--—

when it is first noted and red when the change S Rm—— ) %f:_m'”“_":'__"—'
is sustained over consecutive visits. TRy | e mm—
5. RNFL Summary — summarizes Guided
Doy Sagransy - -
Progression Analysis and indicates with a check | %_::-:_::_______
mark ifthereis possible or likely loss of RNFL. Tl ol
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OCT MACULAR ANALYSIS REPORT: OCT scans of the macula involve a strategy of six intersecting lines that
intersect at the foveal center. Assessment of the macular region in glaucoma is necessary because over 50% of
retinal ganglion cells liein the macular region and henceitis the ideal region to detect early cell loss.

In Macular thickness analysis by Stratus OCT central 3 mm of the posterior pole have the highest scan density
compared with the outer (3 mm to 6 mm) concentricring.

GANGLION CELLCOMPLEX

The Ganglion Cell Complex(GCC) which includes 1) the retinal nerve fiber layer (NFL) 2) the ganglion cell layer
(GCL) and 3) the inner-plexiform layer (IPL) becomes thinner due to ganglion cell loss in glaucoma. Spectral
OCT(RTVue) measures the thickness of GCC in macular region and gives analysis compared to an extensive
normative database.

GCC scan data is displayed as thickness map of
GCC layer. This map is colour-coded where
thicker regions are displayed in hot colours
(yellow and orange) and thinner regions in
cooler colours (blue and green). GCC map for a
normal eye shows a bright circular band
surrounding the macula representing thick GCC
asdepicted below.

Fig 2. Normal macular GCC Fig 3. Thinned macular GCC

CASE REPORTS:

CASE 1: Amale patient aged 27years was referred for glaucoma evaluation due to suspicious optic disc.

On evaluation BCVA - 6/6 , SLE-WNL , [TU7T0. L oo oo 200000
Gonioscopy-open anglesin both eyes T o= ;

IOP measured by applanation tonometry -
14mmHg (BE) g ; ;
R . - = seasads =4
24hr Diurnal variation showed a variation of ‘F | Sk :
4mmHgin REand 3mmHgin LE

It was followed by Fundus photography, OCT 2 gk
and HFA which are as depicted below.

Superior NRR thinning and RNFL loss was R T e
evident on photograph in BE. But OCT showed o
gross RNFL loss in RE and decrease in superior [ . —_— _
average with mild superior thinning in LE i i i
guantitatively.

HFA showed corresponding visual field defect RE HFA LE HFA
in REand normal field in LE.

OCT supplements the clinical findings and may have an edge over the other investigative modalities in some
patients(preperimetric glaucoma)in quantifyingtheloss.
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OCT RNFL Analysis
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CASE 2: An young male patient aged 23 years
diagnosed with secondary open angle
glaucoma (steroid induced) was referred for

surgical management. » '-!

On evaluation: UCVA-6/6, SLE- Vernal
conjunctivitis, Gonioscopy —open anglesin BE.

IOP measured by applanation tonomerty was
10mmhgin BE. (Patient was on Timolol 0.5% bid)

" wew
||||||
mamm

HFA, Fundus photosand OCT is as depicted below.

RE HFA LE HFA
RE-showed CDR 0.7 with thinning of superior NRR and RNFL loss in the superior quadrant which was confirmed
on fundus photo. OCT showed RNFL loss in the superior, inferior and temporal quadrants on RNFL thickness
map with corresponding blunting of the double hump pattern on TSNIT graph.

HFA showed paracentral defectin the inferior arcuate region.

LE- CDR 0.8 with thinning of superior and inferior NRR, and corresponding RNFL defect was confirmed on
fundus photo. OCT showed total loss of RNFL in superior, temporal and inferior quadrants with borderline
thinningin the nasal quadrant- on the RNFL thickness map with flattening of the curve on TSNIT graph.

HFA shows dense inferior arcuate scotoma with sparing of the superior hemifield.

Inthis case itis evidentthat OCT quantified a greater damage preceding visual field loss.
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1. Retinalnerve fiberlayer analysis

RNFL thickness measurementis graphedina TSNIT orientation and compared to age matched normative data.
Decreased RFNL thickness represents glaucoma.

2. ONHanalysis

Disc margins are objectively identified by using signal from and of RPE. Key para meters include cup to disc ratio
and horizontal integrated rim volume

3. Macularthicknessanalysis
Thinning of macula may reflect glaucomatous loss.

4. A recent software upgrade of Stratus OCT (Stratus OCT Version 5.0) has included the Glaucoma
Progression Analysis to evaluate the association between average RNFL thickness and age.

Easy to operate.
It hasthe best resolution among all the imaging devices.

Has a rapid image acquistion time.

P w N

Being a non-contact technique, images can be obtained without causing undue discomfort to the
patient.

u

Qualitative and quantitative data can be collected and analysed in an objective and reproducible way.
6. Itistheonlytechnology capable ofimagingthe optic nerve head, retinal nerve fibre layer and macula.

7. Canobtain posterior segmentimages without pupillary dilatation.

Various studies on OCT" *have shown:

e Measurement of RNFL thickness with OCT has been reliable in discriminating normal from
glaucomatous eyes.

e OCT has good sensitivity and specificity for differentiating normal from glaucomatous eyes. A study by
Chang et al showed stratus OCT sensitivity and specificity for average RNFL abnormal at the 5% level
were 80% and 94% respectively and at 1% level were 61% and 100% respectively. Cirrus OCT sensitivity
and specificity for average RNFL abnormal at the 5% level were 83% and 88% respectively and at the 1%
level were 65% and 100% respectively.

1. Automatic demarcation of the optic disc borders by the machine may be inaccurate in cases of
parapapillary atrophy, which would confound the interpretation of optic disc topography. This may limit
the ability of OCT to detect the progression of glaucomatous optic disc damage.

2. Itispossiblethatlocalised NRR/ optic cup changes would be missed by the interpolation algorithm.
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Depends on the skill of the operator.
Poor quality ofimages in dense media opacities.

Difficultin unco-operative patients.

o v &M W

Expensive instrumentation.

Medicine and technology are advancing hand in hand to provide quality health care. Technology innovation
and improvement will continue to impact health services.

OCT is a new technology. Any new technology introduces both difficulties and opportunities. The lack of large
scale normative database is perhaps the greatest issue in interpretation of OCT results at this point of time.
These issues must be resolved before OCT can be accepted for widespread clinical use in glaucoma. Apart from
this note of caution the potential utility of OCT as a glaucoma diagnostic tool is extremely high as,adequate data
existto evaluate the patientsin conjunction with other clinical parameters. A patient can be followed over time,
using his or her own baseline. The two eyes of the patient can be compared for asymmetry, and a single eye can
be examined for focal or sectoral NFL thinning.

All pieces of the glaucoma puzzle must be put together in order to care appropriately for the patient. The
clinician must correlate clinically with IOP, ONH and NFL appearance, visual field data, as well as quantitative
data contributed by technology, to detect glaucoma and its progression.
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ULTRASOUND BIOMICROSCOPY
AND ANTERIOR SEGMENT OCT

Ultrasound biomicroscopy (UBM) is a high frequency ultrasound (35-50 MHz) used to image the anterior
segment (Fig 1). Its main utility is to image in eyes with opaque cornea, under the iris (ciliary body region),
visualize the trabeculectomy fistula and provide an objective quantification of the angle parameters. It also aids
in surgical planning for both the cornea and glaucoma surgeon in eyes with post keratoplasty glaucoma."”

UBM has its limitations related to being a contact investigation and pressure from the eye cup used during the
procedure can distort the angle.

¢ Examination of the anterior chamber angle:

UBM, can be used to examine the angle
structures as iris, ciliary body, and scleral
spur can be recognized easily. The scleral
spuristhe only constant landmark allowing
one to interpret images and is the key for
analyzing angle pathology.The exact
guantification of the angle measurement
can be done in degrees and the angle
opening distance and recess area can also
be documented.

° Biometry ofthe Anterior segment Fig 1 UBM image of the angle and ciliary body

The UBM can be used to determine the corneal thickness, anterior chamber depth, posterior chamber
depth, IOL thickness, iris thickness, ciliary body thickness, scleral thickness etc. Sulcus to sulcus and
angle toangle measurements can also be performed with a 35 MHz probe.

¢ Determining the mechanism of primary glaucoma

Ultrasound biomicroscopy is usually
able to determine the mechanism of
elevated intraocular pressure (angle
closure versus open angle) by showing
the relationship between the
peripheral iris and trabecular
meshwork.

In addition, imaging of the anterior
segment structures is possible even in
eyes with corneal edema or corneal
opacification that precludes
gonioscopic assessment. UBM is an
important tool as it can identify the
spontaneous occlusion of the angle in
decreased illumination in dark room provocative testing. This helps to identify “at risk” population
which canthen be subjected to alaseriridotomy.

Figure 2 : Open angle in Figure 3 : Irido-corneal
bright illumination apposition in dark
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UBM & ASOCT

In plateau iris syndrome, UBM reveals an irido-trabecular
contact with a broad anteriorly displaced ciliary body, absent
ciliary sulcus and steep anterior angulation of the peripheral
iris. (Fig.4)

In eyes with peripheral anterior synechiae, UBM can reveal the
extent of iridocorneal adhesions (Figure 5), even if the corneaiis
hazy oropaque.

e Post Traumatic Glaucoma

After blunt ocular trauma, UBM can be used to evaluate iris-
angle abnormalities including angle recession, iridodialysis and
cyclodialysis. (Figure 6,7) Angle recession is characterized on
UBM by a posterior displacement of the point of attachment of
theiris to the sclera, a widening of the ciliary body face with no
disruption of the interface between the sclera and ciliary body.

Fig: 4 Plateau Iris

Fig 5: Peripheral anterior synechiae

Fig: 6 Angle recession Fig: 7 Iridodialysis

o Secondary Glaucoma

The UBM can diagnose various types of lens induced glaucomas
such as Phacomorphic glaucoma and glaucoma due to anterior
subluxation of lens. It is helpful to know the circumference of
intact zonules and the extent of zonular dialysis in
pseudoexfoliation syndrome. In case of IOL induced glaucoma,
it can clearly delineate the position of the optic and haptic and
is especially helpful in pseudophakic bullous keratopathy cases
to determine the cause for glaucoma. (Figure: 8)

Fig: 8 PBK with Secondary Angle Closure by ACIOL

This technology can be used to determine the internal character of a lesion (solid or cystic Figure 9,10), to
ascertain whether the lesion involves the anterior ciliary body or is restricted to the iris, and to measure the full
extent of the lesion. UBM can reveal whether the lesion involves only partial thickness or full thickness of the
stroma and can thereby aid in surgical planning. It allows measurement of the lesion's thickness and
determination of the presence or absence of intraocular invasion. With the UBM one can follow up the
progression or regression of the tumor.
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e  Determining functional status of a filtering
surgery

After trabeculectomy, UBM can demonstrate
the patency of sclerostomy aperture and
peripheral iridectomy and whether the filtering
bleb is flat, shallow, or deep. It helps to
determine the site of obstruction and cause for
trabeculectomy failure ( Figure: 11)

Fig: 9 Iris cysts Fig: 10 Ciliary Body tumor

Optical coherence tomography (OCT) is a cross-sectional, three-dimensional,
high-resolution imaging modality that uses low coherence interferometry to
achieve axial resolution in the range of 3-20 um. OCT is similar to ultrasound -
except that light (1310 nm) is used instead of sound. It is a completely
noninvasive technique. OCT at 1.3um wavelength of light is better suited for
anterior segment imaging as the amount of scattering in tissue is lower at this
wavelength, which enables increased penetration and better visualization.
Additionally 1.3um wavelength is strongly absorbed by water in ocular media
and therefore, only 10 % of the light incident on the cornea reaches the retina,
preventing any retinal photo toxicity. The scanning speed is 4000 axial scans per image, giving an image
acquisition rate of 8 frames per second. With standard software, the lateral resolution of ASOCT is 60 um and
the axial resolution is 18 um compared to 50 um and 25um respectively by UBM. With high-resolution corneal
software, axial resolution of ASOCT canreach 8 - 10um.

Figure 11 Patent
Trabeculectomy fistula

m Visante OCT

TR AN WAL

Figure 12. AS-OCT image showing chronic PACG with closed angles. Figure 13. Quantitative assessment of
the angle using the AS-OCT

The main utility of ASOCT is non contact imaging of the angle, especially useful in screening for angle closure
and objective documentation of the angle structures and biometry (figure 12-14). The major distinction in
imaging of ASOCT vs UBM, is that imaging posterior to the iris is not possible with the ASOCT. Hence the ciliary
body is not visualized on ASOCT scans. Rest of the applications are similar to the ones outlined for UBM. “*



UBM & ASOCT

There is a special type of ASOCT attached to the slit lamp (SLOCT), which can be used for ASOCT guided surgical
interventions.’

SL-OCT guided needling for restoration of bleb function can be performed. (Figure 14). This technique allowed
visualization of the internal bleb architecture, which is often not visible on routine slit lamp evaluation in eyes
with a vascularised fibrotic bleb or under a thick tenon's capsule. SL-OCT allows precise anatomical localization
of bleb pathology and in vivo imaging of the effect of needling on bleb function. .
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SYSTEMIC EVALUATION IN
GLAUCOMA PATIENTS

Glaucoma is a multifactorial, progressive chronic optic neuropathy’ which may be associated with many
systemic disorders. It is important for the ophthalmologist to be aware of these systemic conditions which can
influence the course of glaucoma and have a critical bearing on the quality of life of the patient. In addition, the
medications being taken for systemic diseases may interact with glaucoma medications and pose an additional
risk during surgery (eg. Use of anti-coagulants during trabeculectomy). Some of the diseases with multi-organ
involvement affecting the ocular system include : hypertension, cardiovascular disease, diabetes, thyroid
disorders, electrolyte disturbances, depression and chronic diseases requiring cortico-steroid therapy .

Itis also essential to rule out cross-reactivity and allergy to specific classes of medications such as sulfa drugs
and make specific queries regarding pregnancy and lactation before prescribing glaucoma medications.
Systemic work up is a critical issue in patients with normal pressure glaucoma, where vascular factors may be
predominantlyinvolvedin disease pathogenesis.

Systemic evaluation in glaucoma patients is thus essential, but unfortunately often ignored. This may at times
lead to unwarranted consequences with medico-legal implications. Since the treatment for glaucomas well as
the associated systemic disease often entails life-long therapy, the chance for drug adverse effects increase as
the patient ages and a constant vigilance has to be maintained to prevent health related adverse effects on the
quality of life of the patient.

All glaucoma patients must have their blood pressure and fasting blood sugar checked before initiating
glaucoma therapy. The relationship between POAG and low systolic/diastolic blood pressure has been
distinctly proven by the Baltimore Eye study and the Barbados Eye study. Diastolic perfusion pressure (Diastolic
BP minus IOP) has a proven inverse relation with POAG progression and it is important to note that the patient
does not have hypotensive episodes due to over-treatment of hypertension. If the patient is being treated
with systemic beta blockers, topical beta blockers should be avoided. Diabetes may be present in one-third of
POAG patients and must be checked for. Topical beta blockers may mask the symptoms of hypoglycemia in a
diabetic patient’ and these patients have a poorer prognosis after filtering surgery.’

The term normal-tension glaucoma (NTG) or low-tension glaucoma (LTG) refers to typical glaucomatous optic
disc cupping and visual field loss in eyes that do not have elevated I0Ps (> 21 mmHg).”* However, it has
convincingly been shown that an IOP reduction of at least 30% is associated with protection of visual field and
nerve status. The evidence, therefore, suggests that IOP in the high-normal range is a causative factor in NTG,
although other factors are also involved. Drance and coworkers’ described two forms of NTG: (a) a non-
progressive form, which is usually associated with a transient episode of vascular shock, and (b) a more
common progressive form, which is believed to result from chronic vascular insufficiency of the optic nerve

head.

Systemic diseases associated with NTG are:

1. Migraine headache and Raynaud's phenomenon

2. Vasospasm

3. Vascular diseases- carotid artery, myocardial infarction, cholesterol, inflammation
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Nocturnal hypotension
Vascular dysregulation
Autoimmunity

Shock syndromes

Anemias

e A

Diabetes mellitus

10. Obstructive sleep apnoea syndrome

Investigations required to unveil these factors are summarized below:

1. Twenty-four-hour BP monitoring: Patients with NTG have significantly greater nocturnal blood
pressure drops than healthy persons’, as well as elevated diastolic blood pressure™.

2. Twenty-four-hour electrocardiographic monitoring: There occurs significantly greater asymptomatic
myocardial ischemia in patients with NTG (45%) than in healthy individuals (5%), especially during
night",signifying the importance of 24 hour electrocardiographic monitoring.

3. Blood tests

a. Complete blood counts: Anaemia, increased blood and plasma viscosity and hypercoagulability are
found to be associated with NTG".

b. Blood lipid profile: Hypercholesterolemia is reported to be higher among patients with NTG".

c. C-reactive protein: a risk factor in acute vascular inflammatory processes is found raised in NTG",
linking it to a vascular etiology.

d. Blood sugar-Diabetes mellitus has been positively linked with NTG

e. Auto-immune markers: Checking for the presence of antinuclear antibody (ANA) is recommended to
rule out collagen-vascular and autoimmune diseases. Screening for extractable nuclear antigens (ie,
Ro, La, Sm) also is recommended to rule out autoimmune diseases™. Anticardiolipin antibody (ACA)
testing should be performed, and an increased level is considered a risk factor for visual-field defect
progression.

f.  Serum immunofixation for monoclonal gammopathy is indicated: Approximately 10% of patients with
normal tension glaucoma have monoclonal gammopathy (paraproteinemia), which represents a
benign condition two thirds of the time”’. However, lymphoproliferative disorders (ie, cancers) need to
be ruled out by a hemato-oncology specialist if results from this test are positive.

g. Thyroid Status: Dysthyroid status either causes optic neuropathy mimicking glaucomatous damage oris
arisk factor for glaucoma™?.

4, Polysomnography and other sleep studies: Prevalence of sleep apnea is 25-50% in NTG patients™.
Polysomnography reveal even higher prevalence (63%)of sleep apnea in this patient group’”. Moreover,
decreased RNFL thickness™ and visual field defects” have been found in sleep apnea patients. Thus,
sleep history and sleep studies are warranted in NTG.

5. Ocular blood flow and Carotid Doppler studies: Multiple studies have suggested a link between NTG
and reduced ocular blood flow. In patients with symmetric normal-tension glaucoma, duplex
sonography shows an elevated resistance in CRA and PCA™. This may be due to vasospastic
phenomenon or decreased blood flow in the carotid artery”. Other reported findings are
hemodynamic crises, reduced diastolic ophthalmodynamometry levels and ocular pulse amplitudes,
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bilateral complete occlusion of the internal carotid artery with reversed ophthalmic artery flow, focal
arteriolar narrowing around the optic nerve, and increased vascular resistance of the ophthalmicartery
by colour Doppler analysis .Carotid Doppler studies should be performed in asymmetric NTG or in
patients progressing despite IOP control™.

6. Cardiovascular investigations: NTG has been positively linked to atherosclerosis, cerebrovascular
events secondary to atherosclerosis”, myocardial infarction, arrhythmias, transient ischemic attacks
and acute shock like state”. This again confirms a vascular etiology. Brain MRI in these patients reveal
diffuse ischaemic picture. Thus a complete evaluation of the cardiovascular system, including specialist
evaluation, echo-cardiography, and stress tests should be performed. Anti-coagulants may have to be
stopped before glaucoma surgery in consultation with the cardiologists.

7. Neuroimaging and Neurological assessment: MRl is the preferred imaging modality compared with CT
scanning because of its higher sensitivity. Controversy exists as to whether neuroimaging should be
performed routinely. Some advocate referral to a neurophthalmologist if concerned. Neuroimaging is
indicated in disc pallor more than cupping, young patients, progressive field loss despite equal I0OPs,
visual field defect not respecting horizontal midline, unilateral or assymetric dyschromatopsia, rapid
progression of visual fields, rapid progression of optic neuropathies, afferent pupillary defect with mild
cupping and associated ocular motility defects™.

9. Genetic analysis: Genetic heterogeneity is the hallmark of all glaucomas and multiple chromosomal
loci have been linked to the disease. Optineurin gene has been linked to NTG and has been
hypothesised to play a role in both NTG and Alzhiemer's disease giving rise to a neurodegenerative
processin the etiology of NTG™. Interestingly Helicobacter pylori has been found asa possible common
underlying risk factor for Normal-tension glaucoma and Alzheimer's disease™. Examinations of retinal
vasculature may provide clue to this linkage™. The OPA1 polymorphism is associated with NTG, and
may be used as a marker for this disease association” . This has led some researchers to believe that
normal tension glaucoma may actually be a hereditary optic neuropathy with a pathophysiology based
in mitochondrial dysfunction®.

Glaucoma surgery is most commonly undertaken under local anaesthesia. The aim of the pre-operative
assessment is to obtain the relevant medical and social information about the patient, to educate the patient
and diminish anxiety, and to obtain informed consent for the operative procedure®. Factors considered in
investigating patients undergoing surgeryinclude

1. Detecting conditions not found on history and examination that will affect peri-operative
management;

2. Detecting systemic conditions that will increase risk of complications;

3. Medico-legal considerations,'and

4. An opportunity to screen for medical problems™.

Traditionally, routine investigations prior to surgery are considered an important element of pre-anesthetic
evaluation to determine the fitness for anaesthesia and surgery®. Many hospitals have rather arbitrary rules to
perform a series of laboratory tests prior to any operative procedure with the assumption that voluminous
information would enhance the safety of surgical patients and reduce the liability for adverse events™*’

The value of performing routine investigations in all patients undergoing surgery has been questioned by many
well conducted studies, and this practice is currently not recommended. Revised guidelines, now emphasises
on preoperative testing in the presence of specific clinical characteristics™.
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1. Electrocardiogram: Clinical characteristics are Cardio circulatory disease and respiratory disease. Age
alone may not be an indication for an electrocardiogram; however, no consensus for specific minimum
age for ECGis given.

2. Pre anaesthesia Chest Radiographs (X-ray): Clinical characteristics to consider chest X-ray include
smoking, recent upper respiratory infection, chronic obstructive pulmonary disease (COPD), and
cardiacdisease. However these are not to be considered unequivocal indications for chest radiography.

3. Pre anaesthesia haemoglobin or haematocrit: Routine haemoglobin or haematocrit is not indicated.
Clinical characteristics to consider include patients with liver disease, extremes of age, history of
anaemia, bleeding, and other hematologic disorders.

4, Pre anaesthesia serum chemistry (i.e., Potassium, Glucose, Sodium, Renal and Liver Function Studies).
Clinical characteristics to consider before ordering such tests include likely perioperative therapies,
endocrine disorders, risk of renal and liver dysfunction, and use of certain medications or alternative

therapies.

5. Pre anaesthesia urinalysis: Routine urinalysis is not indicated except when urinary tract symptoms are
present.

6. Coagulation profile: This includes testing for PT, PTT, INR and Platelet count. Blood testing for this

parameterisrecommended in following situations-

e Where history suggests risk of haemorrhage
e Patientisonanti-coagulant treatment
e Anaemic patients
e Patients with history of excessive bleeding after a prior surgery
e Drinkers of more than 500ml wine per day™
Clinical characteristics to consider for ordering selected coagulation studies include bleeding disorders, renal

dysfunction, liver dysfunction, and type and invasiveness of procedure, anticoagulant medications and
alternative therapies™.

Although glaucoma surgery in healthy patients does not fit into any of these categories, still intra-operative
haemorrhage can alter the outcome of surgery”. Thrombocytopenia, which may or may not be suspected by a
routine questionnaire, is a significant risk factor for perioperative bleeding in ocular surgery®. Therefore it may
be prudenttoinclude coagulation profile forall patients undergoing glaucoma surgery.

7. Preanaesthesia Pregnancy Testing: Pregnancy testing is recommended for all female patients of
childbearing age.

Timing of pre-operative testing: Test results obtained from the medical record within 6 months of surgery are
generally acceptable if the patient's medical history has not changed substantially. More recent test results may
be desirable when the medical history has changed, or when test results may play a role in the selection of a
specificanaesthetic technique (e.g., in the setting of anticoagulation therapy)*

The systemic investigations required in patients with POAG, NTG and before glaucoma surgery are summarised
inTable 1.
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ROLE OF TECHNOLOGY IN THE DIAGNOSIS
OF GLAUCOMA & ASSESSING ITS PROGRESSION

Glaucomais the second leading cause of blindness worldwide." As clinicians, we not only owe the best possible
care to the patients who seek medical help, but also a responsibility towards those undetected and improperly
treated. The current status of glaucoma care in the world is aptly summarized as follows: more than 50% of
glaucoma in the community is undiagnosed (in the developing countries this would be higher than 90%),” more
than 50% of those undiagnosed would have seen an eye care provider in the recent past, more than 50% taking
medications do not need them (over treated)’ and finally 50% of those advised medication do not use them.
Missed diagnoses in those previously examined by an eye care professional, (in the “system”) is attributable to
lack of comprehensive evaluation and appropriate clinical skills. The recent advances in the imaging of the
optic nerve head seek to achieve an early and “objective” diagnosis of glaucoma. One of the reasons for over
diagnosis is using the results of these technologies exclusively and not in the context of complete clinical
picture.’

Imaging of the optic nerve head and retinal nerve fiber layer are widely reported to be useful in glaucoma
diagnosis. One could (naively) argue that the imaging tests are objective and can be performed easily in
uncooperative patients (since they are quick and need little attention) as opposed to standard automated
perimetry (SAP), which is the current standard but time consuming and difficult due to the subjective nature of
the test. Further, as it is reported that 20 - 40% retinal ganglion cells could be lost before a visual field defect
could be picked up by SAP, these imaging technologies can theoretically aid in the early diagnosis of glaucoma.
This rationale need not necessarily convert to a clinical reality. Figures 1-5 show a glaucoma suspect (because of
positive family history and suspicious optic disc) followed up for a decade. All the three glaucoma imaging
technologies showed an “abnormality”, but the SAP result was always normal. Why does this happen? The
reported sensitivity and specificity of these technologies and their agreement with each other are far from
ideal.’ The sensitivity (ability to diagnose the disease correctly — PID: positive in disease) of the best parameter
for each of the imaging technologies at a fixed specificity (NIH: negative in health or ability to declare a normal
subject as not having the disease) of 95% (labeling only 5 as abnormal out of hundred normal subjects) varies
from 36 to 72%. This means that the imaging technologies fail to diagnose glaucoma in as many as 28% to 64%
of the eyes with established abnormality on SAP. While we perform these investigations with the idea of either
establishing or ruling out a disease, we fail to realize that there is a cost benefit ratio even in diagnostic testing.
These tests are expensive, there are risks of over diagnosis with the attendant effect of labeling and there are
problems with interpretation (the normative data base of the machine used for diagnostic classification is often
limited to small number of subjects and few ethnicities and hence may not be appropriate to apply for testing
patients of all ethnicities). We have reported that the incorporation of the Indian normative data base, does not
improve the diagnostic ability of HRT 3.

In addition to the above limitations, bias in the ability of imaging devices to diagnose glaucoma can arises from
multiple other sources. Optic disc size has been shown to be a confounder in the diagnostic accuracy of HRT.*
Delineation of the optic disc margin and measurement circle placement have been shown to be confoundersin
the diagnostic ability of these instruments."’ Reporting the diagnostic ability in glaucoma patients while using a
set of totally normal subjects as controls, also is shown to artifactually inflate the sensitivity of these
instruments." This is because a diagnostic test in clinical practice is used in situations which arouse a suspicion
of the disease and not in situations where the diagnosis of a disease is easy to either rule in or rule out by clinical
examination.
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5.Normal visual fields of the left eye

Garway- Heath appropriately stated that “devices cannot diagnose our patients' conditions, but the findings
they provide frequently alter the probability that a subject has a particular condition”.” Thus devices cannot be
a substitute for poor clinical skills but at best a complement to good clinical evaluation. If after a good and
comprehensive clinical evaluation the probability (pre-test probability) of the disease is around 20%, it is futile
to perform any diagnostic test, as even a positive result cannot confirm the presence of the disease. On the
other hand if the probability of the disease is about 80% after a good clinical examination (the need for testing is
not to diagnose but probably to establish a base line for follow up), even a negative test result cannot rule out
the disease. It is in the intermediate range, when the probability of disease is around 50% that the diagnostic
test result would strongly help in the diagnostic decision. Before ordering a diagnostic test, it is useful to ask
ourselves as to how our course of action would change based on the test result. The probability of the disease
before and after the diagnostic test can be mathematically calculated using the likelihood ratio (LR) of the test
result in consideration. If we want to use the results of the diagnostic tests appropriately, estimating the LR is
the best way around. Thus it is important for us to know the LRs associated with different test results before
investingin a new diagnostic test.

The principle behind the use of the likelihood ratios is the calculation of the increase in the probability of a given
diagnosis given the prior probability of the disease (based on complete clinical evaluation or the prevalence of
the disease) and the result of the diagnostic test with its likelihood ratio. This principle is applicable not only for
the diagnosis of a disease but also for any event. This principle in mathematical terms is called the Bayesian
theorem. Keeping the mathematics aside, the concept is very intuitive and we keep using this in our daily lives
extensively, albeit without the mathematical calculations or the complex terminologies.

For example, on a cloudy day during the rainy season, if it rains we say “it is bound to happen” and if it did not
rain, one might say “that was very unlikely” or some such thing. If a 25 year old healthy, prospective, army
recruit ends up with an ST segment change on ECG, one would suspect the test or the machine, as the likelihood
of this young, healthy man having ischemic heart disease (IHD) is very low. The same result in a 60 year old
gentleman with diabetes and hypertension with pre-cordial discomfort on exertion would be diagnostic of IHD.
The prior probability of IHD is very high in the latter and very low in the former. This explains why the same test
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6.Disc image showing inferior NFL defect and normal visual field.

result is interpreted differently in different situations. The clinical use of the LR is exemplified in figs 6-8. The
suspicious disc with an inferior NFL defect on disc photograph as well as the opticle coherence tomography (fig
6, 7) and a normal visual field leads us to a prior probability of having glaucoma to be 60%. Fig 8 show the
calculations for the post test probability for glaucoma diagnosis, which works out to be 98%.

Progression:

Halting progression of glaucomatous damage during the life time of the patient, with minimum effect on the
quality of life, is one of the main objectives of any glaucoma treatment. But judging glaucoma progression is a
challenging task. Progression of glaucoma is known to occur at variable pace. The untreated arm of the Early
manifest glaucoma treatment (EMGT) trial is great source information of the natural history of glaucoma. It was
found in the EMGT trial, that untreated normal tension glaucoma in the younger age group had the least rate of
progression (never progressing to blindness from normal vision) and pseudo-exfoliation glaucoma in the
elderly group could progress to blindness from normal vision in as little as 2 years."

The standard method to detect glaucoma progression is to monitor the visual field (VF) defects periodically for
change. Two commonly used approaches to detect change in VF defects over time are the event-based and the
trend-based progression analyses. Event-based analysis determines VF progression to be either present or
absent depending on a predefined change in the VF parameters. Trend-based analysis provides the actual rate
of change of VF parameters. In clinical practice, information from both these analyses is important because it is
not only sufficient to identify VF progression in glaucoma but also to determine the rate of progression, so that
the treatment can be more aggressive in patients that progress rapidly. The recently introduced Guided
Progression Analysis by the Humphrey VF Analyzer (Carl Zeiss Meditec, Inc. Dublin, CA) provides both an event-
based progression analysis and a trend-based analysis on the same printout. The event-based progression
analysis, called the glaucoma progression analysis (GPA) is based on the criteria designed to identify VF
progression in the Early Manifest Glaucoma Trial.” Trend-based progression analysis is based on the rate of
progression (ROP) of the visual function of the eye through a linear regression model using a new global index,
Visual Field Index (VFI)." The VFl is the aggregate percentage of visual function for a given field at each point

89



GLAUCOMA INVESTIGATIONS

L.V.Prasad Eye Institute

Fzad Mo 2. Baryere iy, Meyderabed | 040-30812345 DDJIDS
Opbo Meree Hutd MagONH| Dieccoma Report
:II-TII' My akhar Exmrni Dute: 24-08-2010
yalelm DOMmg: 10-07-1072 {33}
Oparator Dandar- i FM?I‘J: N
Crmams: W pIAAZEY Adgarithm Ve 44,0, 7, 8

oh GOC Signlcancs Oiphe Marvs Heuad biig

L — ] Pt = m |
T L W sy e

Clinical Utility: Likelihood
Ratio

Disease probability of 0.70 and LR of 12.4

i [y, PR 1
a8 Cipic Merss Head Map o v = Pre-test odds = pre test probability [ |- pre test probability
=0.7/03=23
Pre Test Odds ® LR = Post Test odds

Post-test odds = 2.3 * 1.4 = 28.5

Post-test probabllity = post test odds [ post test odds + 1
28.57/29.5 = 0.97 = 97%

8.Calculation of the post test probability using
P e et A the likelihood ratio of inferior average thickness of OCT.

Definig the OCT Ravakition optevue

7.0CT showing inferior NFL loss.

where the visual thresholds are estimated. VFI is calculated from pattern deviations in eyes with a mean
deviation (MD) of better than -20 dB and from total deviations in eyes with a MD worse than -20 dB. The central
points have more weight than peripheral points. VFl is also shown to be less affected by media opacities like
cataract.”

Though most of the imaging technologies have both event and trend based algorithms to judge structural
progression in glaucoma, their usefulness needs to be validated and there is no consensus on what constitutes
a significant structural change clinically. HRT Topograhic Change Analysis (TCA) is the most well developed and
tested progression detection analysis available for optical imaging techniques. Glaucoma progression
algorithms on GDx are called GDx GPA. Time domain OCT also has progression analysis of the RNFL parameters.
The agreement between the structural changes of these imaging technologies and the visual field parameters
have been reported to be moderate to poor.””* Longitudinal data of the anatomical changes on the imaging
technologies subsequently converting to field changes is available only for HRT from the OHTS.” We believe
that the gold standard for assessing glaucoma progression continues to be the standard automated perimetry.

In conclusion, in establishing the diagnosis and progression of glaucoma, advances in the imaging technologies
of the optic nerve are a complement to a good and comprehensive clinical evaluation and cannot be a
substitute. The results of these tests need to be interpreted in the context of the remaining clinical picture and
notinisolation.
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