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CLINICAL DECISIONS IN GLAUCOMA

PREFACE

The first edition of Clinical Decisions in Glaucoma was published twenty-three years ago.
Since then, the principles of glaucoma management have remained the same, but much else
has changed. In 1993, fundus cameras used film. Optical coherence tomography did not
exist. Our medical treatments were miotics, beta-blockers, epinephrine compounds, and oral
carbonic anhydrase inhibitors. Static threshold perimetry had moved into common use, but
we lacked the testing algorithms and analytic tools of today. A second edition seems
warranted to deal with the diagnostic and therapeutic choices available in 2016.

This edition keeps the structure of the first. It is a management manual, not a textbook. Our
goal is to help the ophthalmologist or optometrist care for patients who have or may have
glaucoma. We view common glaucoma as a chronic condition, one that is managed for many
years in most patients.

We present first the general principles underlying our approach to glaucoma care and our
overall glaucoma management scheme (Chapter 1). Next we detail what to do in the
common clinical presentations suggestive of glaucoma. We do not present every possible
situation, nor do we discuss every possible permutation of those situations we do present.
Rather, we emphasize the common conditions and conditions for which there is specific
treatment.

The most frequent findings that suggest that an individual may have glaucoma are elevated
intraocular pressure or an abnormal optic disc. Less commonly a visual field abnormality or
abnormal angle appearance alerts the clinician to the possibility of glaucoma. Most such
patients lack symptoms, so we first describe the evaluation of an asymptomatic individual
suspected of having glaucoma (Chapter 2). We do not go into great detail as to how to
perform a physical examination, but we present our mental checklists of what to look for at
various steps of the examination. Next we detail our method for determining if glaucoma is
present based on the patient’s initial findings (Chapter 3) and the management of manifest
glaucoma (Chapters 4 and 5). We then present our approach to glaucoma suspects (Chapters
6 to 8). Next we deal with acutely symptomatic elevated pressure (Chapter 9) and with
elevated pressure occurring in conjunction with uveitis (Chapter 10) and surgical and
accidental trauma (Chapter 11). Finally we review particular management points for the
more common secondary glaucomas and miscellaneous conditions associated with glaucoma
(Chapter 12).

As in the first edition of this book, we have omitted extensive explanations and discussions
of the various alternatives for treatment. We do not deal with all the possible complexities of
clinical diagnosis and decision making. We have elected to describe what we currently think
is best, based on our experience and on published information, and we try to be as explicit as
possible. In our guidelines we use numbers and percentages and precise follow-up intervals.
The numbers and intervals are arbitrary, but we consider them to be reasonable. We use the
imperative voice frequently consistent with our view of this as a management manual.






1 GENERAL PRECEPTS

Intraocular pressure (I0OP) relates to, but does not define, glaucoma. Many conditions labeled
“glaucoma” have an IOP sufficiently elevated that it may produce ocular symptoms such as
visual acuity loss or pain. Also included in the “glaucoma” category are cases with
characteristic optic nerve damage without elevated I0OP. We use the term “glaucoma" to
describe a group of conditions characterized by chronic, progressive optic neuropathy which
are associated with a typical pattern of retinal ganglion cell layer loss. Glaucoma may be
recognized by visual field defects, changes in the optic nerve appearance, thinning of the
retinal nerve fiber layer, or some combination of these findings.

The pathophysiology of chronic glaucomatous optic nerve damage has received much
attention but mostly remains clinically tangential. In the future it may be possible to modify
elements other than IOP that contribute to optic nerve damage. Currently, however, 10P
reduction is the only established method of slowing or halting glaucomatous progression.
The goal of long-term glaucoma management is to lower the I0P enough to prevent visual
loss related to optic nerve damage.

Our management scheme for glaucoma is based on these general precepts:

1. The higher the 10P, the greater the risk of acquiring glaucomatous damage, and the
greater the rate of glaucomatous progression.

2. There are factors other than IOP that contribute to optic nerve damage and
determine an individual’s susceptibility to harm from IOP, but there is, at the
moment, no effective treatment for glaucoma other than 10P reduction.

3. In patients with glaucoma, lowering IOP decreases the rate of glaucomatous
damage, but there is no way to know with certainty at what 10P level glaucomatous
damage ceases or will be acceptably slow for a given person.

4. Every method of lowering the IOP causes side effects, costs money, and involves
risk to the patient.

5. The goal of treatment for glaucoma is to lower IOP enough to preserve good vision
for the lifetime of the patient while causing as few side effects and incurring as few
costs as possible.

Few dispute the importance of decreasing the IOP in patients with glaucoma. However the
relationship between the degree of 10P elevation and the rate of damage varies from person
to person, and hence the benefit of lowering the 10P varies among individuals. For each
patient, the benefit of lowering IOP should outweigh the risks and cost of the treatment.

Our two fundamental management requirements are derived from the general precepts and
the chronic nature of glaucoma:



1 General Precepts

Glaucoma management involves balancing the risks and benefits of lowering the
IOP in each patient individually.

Glaucoma management depends on the ability to recognize change in status over
time.

Simply recognizing the presence of glaucomatous damage, particularly the earliest signs of
damage, helps little in the chronic care of a patient. It is the rate of damage that is important.
We recommend managing patients with findings suggestive of glaucoma by taking the
following steps:

1.

Address any treatable conditions, such as pupillary block or proliferative
retinopathy, that contribute to elevated IOP. Also prophylactically treat conditions
that are likely to cause elevated 10P, such as a narrow angle with high-risk features,
to prevent a pathologic condition rather than dealing with it after it arises.

Establish a baseline by quantifying the structural and functional status of the optic
nerve.

Decide if therapy is indicated now; if so, set a target pressure.

Treat the patient to achieve the target pressure. If this proves difficult, re-evaluate
the chosen target pressure.

Follow the patient’s course to see both if the IOP is controlled and if the rate of
damage has decreased sufficiently.

Modify treatment and target pressure as indicated by the patient’s course.



2 EVALUATING THE ASYMPTOMATIC PATIENT

A patient may be suspected of having glaucoma for many reasons, such as an elevated
intraocular pressure (IOP), a suspicious appearance of the optic disc, an abnormal visual
field finding, an abnormal angle appearance, or a combination of these factors. The
objectives of the initial glaucoma evaluation of an asymptomatic patient, completed in one
visit or over several closely-spaced visits, are as follows:

1. Address any treatable conditions that contribute to current IOP elevation or may
cause future IOP elevation.

2. Establish a baseline by quantifying the structural and functional status of the optic
nerve.

3. Determine if the patient has manifest glaucoma based on clinical examination, optic
disc imaging, and visual field testing.

4. Decide if therapy is indicated, and, if so, set a target pressure.

5. Set an initial follow-up schedule.

The Patient with Elevated 1OP

Elevated 10P — not visual symptoms — first identifies many patients who have glaucoma. Not
everyone with high pressure has glaucoma, but the doctor should evaluate patients with high
eye pressure and should follow up on their future courses, regardless of whether the
evaluation reveals glaucoma. No clear boundary separates elevated from normal pressure;
the higher the IOP, the greater the patient’s likelihood to have or to develop glaucomatous
optic nerve damage. It may not be sensible to divide eyes arbitrarily into those with “normal”
or “high” pressure at a sharp cutoff point, but the terms “elevated pressure” and “ocular
hypertension” are in common use and are unlikely to disappear soon. As an arbitrary point at
which to become suspicious, the traditional definition of elevated pressure as a pressure of
22 mmHg or greater (two standard deviations above the mean in the European population)*
serves as well as any other. Of course, we recommend that every complete ocular
examination be performed with the possibility of glaucoma firmly in mind (always evaluate
the optic nerve and anterior chamber), but we recommend an expanded evaluation, including
gonioscopy and formal visual field/retinal nerve fiber layer assessment, for those patients
whose pressure is 22 mmHg or greater.

Most patients who are found to have high pressure on routine examinations have one of the
following conditions:

e Primary open angle IOP elevation (glaucoma or glaucoma suspect)

e Primary angle closure IOP elevation (glaucoma or glaucoma suspect)

o Pseudoexfoliation with IOP elevation (glaucoma or glaucoma suspect)
e Pigment dispersion with IOP elevation (glaucoma or glaucoma suspect)



2 Evaluating the Asymptomatic Patient

The most important aspect of the evaluation of an asymptomatic individual who has elevated
pressure is to identify any cause of pressure elevation for which something particular can or
should be done. The less important aspect of this initial evaluation is deciding if
glaucomatous damage already exists.

With a complete examination (including gonioscopy), clinicians can distinguish the various
likely causes of high pressure and identify the occasional patient with an unusual cause. In
the ordinary course of an evaluation, the history and refraction, as well as external, pupillary,
motility, and anterior segment examinations, precede tonometry. When the pressure is
elevated, it may be necessary to obtain additional history and reexamine the eye to look for
subtle findings that may aid differential diagnosis. The salient points for each part of the
evaluation follow.

History

There are two types of historical information to obtain: history related to diagnosis and
history related to management decisions.

Diagnostic points —

Corticosteroid use. Oral or topical (for example, to the skin of the face) corticosteroids
may elevate the 10P.

Injury. Trauma may cause damage to the outflow system which, years later, results in
elevated pressure. If the patient had recent trauma or has had intraocular surgery, refer to
Chapter 11.

Management points —

Family history. Glaucoma is often hereditary. If any of the patient’s relatives has
glaucoma, determine the severity of the disease. In our experience, a family history of severe
glaucoma increases the suspicion that a patient may have a similarly severe course. The
opposite, a family history of mild disease, is not as reliable a predictor.

Medical history. Patients who are severely allergic to sulfa drugs or who have renal
disease are relatively poor candidates for topical or systemic carbonic anhydrase inhibitor
use. Some cardiac and asthmatic respiratory problems may worsen during beta-blocker use.
Vasospastic disease (migraine, Raynaud phenomenon) and low blood pressure may increase
a patient's susceptibility to pressure-induced damage. A past hemodynamic crisis may
explain optic nerve damage that is related to previous changes in perfusion of the optic nerve
rather than to the present 10P.

Examination
Refraction. Always use the best refraction and an appropriate add for perimetry. Axial

4



CLINICAL DECISIONS IN GLAUCOMA

myopia probably makes the eye more susceptible to pressure-induced damage, and
accompanying retinal degeneration may confound visual field evaluation. Highly hyperopic
eyes are prone to develop primary angle closure.

Slit lamp examination. Pigment dispersion syndrome, pseudoexfoliation syndrome,
asymptomatic inflammation, and remote and forgotten trauma may all have slit lamp
findings. Examine the cornea for a Krukenberg spindle and check carefully for anterior
segment inflammation. Look for iris transillumination defects, neovascularization (unusual
in an asymptomatic patient), and the residua of trauma, such as iris sphincter rupture. Also
look for corectopia, iris atrophy, or pseudonevus formation. After the pupil is dilated,
examine the lens for pseudoexfoliation.

If the patient has had cataract surgery, the timing and nature of the procedure is relevant.
First determine whether the surgery was uneventful or complicated. Following uneventful
surgery, elevated IOP may be due to residual inflammation with an open angle (early
postoperative period) or chronic angle closure due to uncontrolled, often low grade,
inflammation (any time after surgery). Following complicated surgery, pseudoexfoliation
should be suspected, and retained cortical material and secondary lens particle obstruction
ruled out. If an anterior chamber intraocular lens (I0L) was implanted, note whether a patent
iridotomy” is present. Also inspect and record the position of the 1OL. A poorly positioned
IOL either in the posterior chamber (haptic prolapsed into sulcus) or anterior chamber
(poorly-sized and mobile) can cause both inflammation and elevated IOP. Increased 10P
after surgery is discussed in Chapter 11.

Pachymetry. Measure the patient’s central corneal thickness. We do not differentiate
between measurements by contact echographic pachymeters and noncontact optical
pachymeters. Central corneal thickness is useful in calculating the patient’s risk of
developing glaucoma if he or she is classified as a glaucoma suspect due to ocular
hypertension after the initial evaluation.

Tonometry. Applanation tonometry is standard; record the time of measurement. The
pressure in the two eyes rarely differs by more than 2 mmHg in normal eyes, but moderate
asymmetry of pressure is common in primary open angle glaucoma. Widely disparate
readings, especially if only one reading is above normal, suggest a unilateral process. In an
asymptomatic patient with unilateral elevated 10P, pseudoexfoliation syndrome and old
trauma are the most common diagnoses. We do not adjust IOP based on the patient’s central
corneal thickness.

" The term iridotomy is used through this book to refer to a hole in the iris. Unless surgical iridectomy is specified,
we assume that an iridotomy (if recommended) will be performed with a laser.



2 Evaluating the Asymptomatic Patient

Gonioscopy. First determine if the angle is open or closed. If the angle is open, then
look for such findings as heavy pigmentation, angle recession, neovascularization,
developmental anomalies, or blood in Schlemm’s canal. These findings suggest particular
diagnoses. If the angle is closed or very narrow, determine the type of angle closure or
narrowing. Perform compression gonioscopy if unable to clearly determine the details of the
iris insertion. The three general mechanisms of angle closure, illustrated in Figure 2-1, are
pupillary block (common), anterior pulling (occasional), and posterior pushing (rare).
Additional variants on pupillary block in traumatic, postoperative, aphakic, or pseudophakic
patients are described in Chapter 11.

The distinction among different types of angle closure proceeds by first noting if there is
either inflammation or some other obvious cause of angle closure other than pupillary block.
Unless another diagnosis, such as an iridocorneal endothelial syndrome, rubeosis iridis, or
uveitis with peripheral anterior synechiae (PAS) is clear, perform an iridotomy because it is
otherwise difficult to rule out pupillary block. Management of narrow angles in individuals
with normal 1OP is discussed in Chapter 8.

After the iridotomy, reexamine the eye with the gonioprism. If pupillary block was present,
the angle should be open or PAS should be visible. If pupillary block was absent, completion
of the examination generally clarifies the cause. When the pupil is dilated, reexamine the
angle and check the pressure to rule out plateau iris, which is discussed in Chapter 9.

The Patient with Abnormal Angle Appearance

When a patient has an abnormal angle appearance but does not have current angle closure,
management depends on the pressure. If the pressure is elevated, proceed as discussed in
previous sections. If the pressure is not elevated, determine whether the optic discs and
visual fields are normal. If both are normal, proceed as discussed in Chapter 8. If either the
disc or visual field is suspicious, proceed as discussed in Chapter 7.
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FIG 2-1. A. Anterior pulling angle closure, left; normal for comparison, right. Aqueous humor flows freely from the
posterior to the anterior chamber. The central anterior chamber depth does not change as a result of the angle
closure. B. Pupillary block angle closure, left; normal for comparison, right. Because of resistance to aqueous humor
flow between the posterior and anterior chambers, pressure in the posterior chamber rises and aqueous humor
pushes the peripheral iris forward. The anterior lens surface does not move forward, but, as shown, primary
pupillary block glaucoma usually develops in smaller-than-average eyes with shallow central anterior chambers. C.
Posterior pushing angle closure, left; normal for comparison, right. The lens moves forward and pushes the iris over
the trabecular meshwork. The central anterior chamber is shallowed.

~



2 Evaluating the Asymptomatic Patient

Differential Diagnostic Steps

The anterior segment examination provides the information necessary to satisfy the first two
goals of the evaluation of elevated IOP, to identify specifically treatable causes of elevated

pressure and to recognize if a person belongs to a particular diagnostic group (Chart 2-1).

Angle open and normal,
IOP > 22 mmHg no inflammation
Angle appearance?

Primary open angle IOP elevation
» Pseudoexfoliation

Angle open and normal, Steroid-related elevated IOP

inflammation present
»| Uveitis and elevated IOP

Pigment dispersion

i Pseudoexfoliation
Angle open and abnormal. Increased pigment udoexfoliati
Angle findings? » Tumor
- I0L-related
Unexplained

Recession or

other evidence of trauma Secondary open angle IOP

elevation related to trauma

Neovascularization

» Neovascular glaucoma
Developmental anomaly Diagnosis depends on
other findings
Blood in Schlemm’s canal Elevated episcleral
venous pressure

Angle closed or partly closed. Yes

Is inflammation present? » Uveitis and elevated IOP

No; no other abnormalities
» Primary angle closure

No; angle abnormalities present ICE
Neovascularization
No; history of surgery or other trauma

Secondary
angle closure

CHART 2-1. Differential diagnosis of elevated pressure in an asymptomatic eye. The majority of patients belong to
one of these groups. Key — ICE (iridocorneal endothelial syndrome), IOP (intraocular pressure), IOL (intraocular

lens implant).
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I0P > 22 mmHg, angle open and normal. In a quiet eye with normal pigment and no
obvious abnormalities, the most likely diagnosis is primary open angle pressure elevation.
Pseudoexfoliation with elevated pressure also generally presents in this way. It is managed
the same as primary pressure elevation with a few special considerations mentioned in
Chapter 12. The angle appears normal in individuals with corticosteroid-induced pressure
elevation, which is also discussed in Chapter 12. If there is anterior segment inflammation,
evaluate and manage the patient as described in Chapter 10.

Angle open and normal,
no inflammation Primary open angle IOP elevation
» Pseudoexfoliation
Steroid-related elevated I0P

IOP 2 22 mmHg
Angle appearance?

Angle open and normal,

inflammation present
» Uveitis and elevated IOP

10P > 22 mmHg, angle open and abnormal —

Increased pigmentation in an open angle usually indicates either pigment dispersion
syndrome or pseudoexfoliation syndrome. Pigment dispersion typically occurs in young
myopic individuals, usually men, who also have Krukenberg spindles and iris
transillumination defects. Pseudoexfoliation syndrome develops in older people, and the
diagnosis depends on finding exfoliative material on the pupillary border and lens capsule.
Both conditions are treated similarly to primary open angle pressure elevations and are
discussed in Chapter 12. A secondary type of pigment dispersion occasionally develops in
eyes with lens implants that chafe the posterior iris (sometimes as a part of the uveitis-
glaucoma-hyphema [UGH] syndrome). Rarely, an intraocular tumor — typically a melanoma
— sheds pigmented cells into the angle. If no other explanation for pigmentation is found,
examine the eye carefully for tumor, especially if the pigmentation is unilateral.

Angle recession or other evidence of trauma (subluxed lens, choroidal rupture) is most
often noted in patients with unilateral elevated pressure. The management of glaucoma
following trauma resembles that of primary open angle glaucoma with differences discussed
in Chapter 11.

Neovascularization of the anterior segment rarely causes elevated 10P without
symptoms. The evaluation and management of neovascularization are discussed in Chapter
9.

Developmentally abnormal angles are occasionally noted in an asymptomatic
individual with elevated pressure. Many patients’ findings fall into the Axenfeld-Rieger
group, but others have findings such as high iris insertions, multiple iris processes, or
peculiar iris stroma that do not “fit” a specific syndrome. In the Axenfeld-Rieger group,
gonioscopy may show peripheral iris atrophy, heavy uveal meshwork, and iris strands that

9



2 Evaluating the Asymptomatic Patient

bridge the angle and attach to or in front of Schwalbe’s line, which is often thickened and
anteriorly displaced. Slit lamp findings include iris atrophy and pupillary irregularity. Adult
patients seen with these findings are generally treated as are those with primary open angle
pressure elevation or fully developed glaucoma.

Blood in Schlemm’s canal in an eye with elevated IOP may indicate elevated
episcleral venous pressure. The most common causes are congenital anomalies, such as
Sturge-Weber syndrome, which are associated with other visible vascular anomalies.
However, in some individuals, high pressure related to acquired, asymptomatic arteriovenous
shunts may develop.? High pressure associated with elevated episcleral venous pressure is
discussed in Chapter 12.

IOP 222 mmHg

?
Angleappearance! Pigment dispersion

i Pseudoexfoliati
Angle open and abnormal. Increased pigment seudoexfoliation
Angle findings? » Tumor
= : I0L-related
Unexplained

Recession or

other evidence of trauma Secondary open angle I0P

elevation related to trauma

Neovascularization
» Neovascular glaucoma

Developmental anomaly Diagnosis depends on
other findings

Blood in Schlemm’s canal Elevated episcleral

venous pressure

10P > 22 mmHg, angle closed or partly closed. The differential diagnosis depends on
the presence or absence of anterior chamber inflammation, obvious angle abnormalities, or
previous surgical or accidental trauma.

Uveitis and elevated I0OP. Inflammation causes angle closure by all three of the
mechanisms described in Figure 2-1. Anterior segment inflammation can result in both
peripheral anterior synechiae, which pull the iris anteriorly over the trabecular meshwork,
and in posterior synechiae, which seal the pupil and cause pupillary block and iris bombé. In
addition, posterior segment inflammation may precipitate angle closure by rotating the
ciliary body and pushing the lens forward (Figure 10-1, page 171). Evaluation and treatment
are discussed in Chapter 10.

Primary angle closure. When an asymptomatic person has angle closure and elevated
IOP in an unoperated eye without inflammation, the most common cause is primary chronic
angle closure related to pupillary block. The first step in management is to perform an
iridotomy. If the pressure falls (even if not to normal) after the iridotomy, an asymptomatic

10
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person with chronic angle closure is managed as described in Chapter 9 (page 165, Primary
Acute Angle Closure — Chronic treatment). If the pressure does not decrease in an
asymptomatic patient with chronic angle closure, evaluation and treatment are almost
identical to that of primary open angle pressure elevation, with specific differences discussed
in Chapter 12. Angle closure without other obvious abnormality that is not relieved by
iridotomy is evaluated as described in Chapter 9. Angle closure in an eye that has had recent
surgery or injury is discussed in Chapter 11.

Iridocorneal endothelial (ICE) syndrome. Several distinct syndromes (essential iris
atrophy, Chandler syndrome, Cogan-Reese iris nevus syndrome) are associated with angle
closure and may be present in an asymptomatic person with elevated pressure. They
generally occur in one eye of young, usually female individuals. If typical iris findings —
corectopia, iris atrophy, or pseudonevus formation — are present, the diagnosis is easy.
Iridotomy does not prevent progression of the angle closure, and management resembles that
of open angle IOP elevation. Particular provisos are outlined in Chapter 12.

Neovascularization is rare in this setting. It is usually associated with at least mild
inflammation and is usually associated with symptoms. It is evaluated and managed as
described in Chapter 9.

Secondary angle closure after surgery is discussed in Chapter 11.

I0P 2 22 mmHg
Angle appearance?

Angle closed or partly closed. | YeS

Is inflammation present? » Uveitis and elevated IOP

No; no other abnormalities
» Primary angle closure
No; angle abnormalities present ICE

Neovascularization

No; history of surgery or other trauma Secondary

angle closure

At this point in the examination, the major treatable causes of IOP elevation will have been
noted. Most patients will have had no anterior segment abnormalities other than elevated
pressure, and the pressure elevation is “primary” or “idiopathic.” The final aspects of the
initial examination, the fundus and visual field examinations, rarely contribute to the
diagnosis of the type of pressure elevation, but they are the basis for establishing the stage or
severity of the disease and the way in which management will proceed.

11



2 Evaluating the Asymptomatic Patient

The Patient with Suspicious Optic Discs

Frequently, an asymptomatic patient with normal IOP is suspected to have glaucoma based
on incidental optic disc findings. There are no pathognomonic signs for a glaucomatous disc,
although certain findings, such as vertical cupping greater than 0.7 or disc margin
hemorrhage, suggest acquired damage. **

Clinical Examination

Using a slit lamp beam and a fundus lens, examine the optic disc at high magnification with
the patient’s pupils dilated. The slit beam defines contour better than does diffuse
illumination. Indirect fundus lenses, such as the 78D or 90D lens, provide adequate anatomic
details without sacrificing efficiency. However, direct lenses, such as the Hruby lens or the
fundus contact lens, provide better stereopsis than do indirect lenses. Assess the color and
width of the neural rim, the size and contour of the cup, and the presence or absence of
notches and hemorrhages. Express to the nearest one tenth the ratio of the vertical diameter
of the cup to the vertical diameter of the disc. After examining the disc, evaluate the fundus
for evidence of other disease. In particular, look for old branch retinal vessel occlusions or
other retinal lesions that might correspond to any field defects present.

The evaluation of suspicious optic discs is discussed in Chapter 7.
Optic Disc and Retinal Nerve Fiber Layer Imaging

The optic discs should be photographed or otherwise imaged for the sake of future
comparison. The most useful photographs are stereoscopic and magnified (2x standard
fundus magnification). Photographs provide a permanent color record that can be taken with
the patient if he or she moves. Few clinicians can accurately capture the disc appearance on a
drawing, and even the best hand drawings are less satisfactory than photographs because of
the mobility of patients and the mobility and mortality of physicians. We consider
photographs detailed to third order retinal vessels to be of adequate quality.

Optical coherence tomography of the circumpapillary retinal nerve fiber layer (OCT-RNFL)
thickness is a useful adjunct to optic disc examination. It provides both quantitative
measurements (thickness) and qualitative characterization (contour) of the RNFL, neither of
which can be assessed by examination alone.

All OCT-RNFL analysis examples in this text are spectral-domain studies from the Zeiss
Cirrus high definition optical coherence tomography machine (Zeiss Meditec, Inc., Dublin,
California, United States of America). There are several other brands of OCT instruments
available, and most operate on the same general principles and provide similar information.
We consider a scan with signal strength of at least 7/10 to be adequate.

Retinal nerve fiber layer thickness (Figure 2-2). The circumpapillary RNFL thickness
is analyzed as an overall average (most useful in longitudinal follow-up), in quadrants (most

12
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useful in comparison with nomograms) and in clock hours. The thickness displays are
usually color-coded for patients over the age of 18 years. Values above those of 95% of the
age-adjusted normal population are colored white, between the 5" and 95" percentile are
colored green, between the 1% and 5" percentile are colored yellow, and below the 1%
percentile are colored red. We consider a RNFL thickness analysis of adequate signal
strength with any of the following features to be abnormal:

e Overall average below the 5" percentile (yellow or red);
e Any quadrants below the 5" percentile (yellow or red);
e Any clock hour below the 1% percentile (red).

Retinal nerve fiber layer contour (Figure 2-3). The circumpapillary RNFL contour is
displayed from left to right in the order of temporal, superior, nasal, inferior and back to
temporal (TSNIT graph). In patients over 18 years of age, the values are plotted against an
age-adjusted nomogram with a solid line for the right eye and a dotted or broken line for the
left eye. Normal TSNIT contour has tall, rounded peaks of similar heights at the inferior and
superior poles and follows the overall shape of the nomogram closely. In normal fellow eyes
the RNFL contours closely resemble each other. We consider a circumpapillary TSNIT
RNFL contour with any of the following features to be abnormal:

¢ Any focal thinning in the superior or inferior pole, especially if the thickness is at or
below the 5™ percentile (yellow or red regions of nomogram);

e Any significant asymmetry between the right and left eye contour, especially if the
departure is located superiorly or inferiorly.

If the contour is borderline or ambiguous, we consider the study to be abnormal.

In order of increasing likelihood of detecting glaucomatous damage, the following findings
are possible:

Normal thickness and contour.
Abnormal thickness, normal contour.
Normal thickness, abnormal contour.
Abnormal thickness and contour.

b

13



2 Evaluating the Asymptomatic Patient

Avrtifacts in Optical Coherence Tomography Analysis of the Circumpapillary
Retinal Nerve Fiber Layer

The following scan artifacts should be ruled out by the physician when interpreting OCT-
RNFL analyses (Figures 2-5 through 2-7): °

e Decentration

e Posterior vitreous detachment (PVD)-associated error

e  Segmentation error due to misidentification of retinal landmarks
e Poor signal strength

Decentration. When the circumpapillary mire is decentered from the optic disc, the RNFL
thickness in the quadrant in the direction of decentration will measure thinner, possibly
with a corresponding thickening of RNFL thickness in the quadrant opposite the direction
of decentration. This occurs because RNFL thickness naturally increases with proximity
to the optic disc.

PVD-associated error. If the patient has a PVD and a dense Weiss ring, it can cause a
small, localized signal dropout (shows up as a dark spot on the topography map), which
can result in both localized thinning (usually visible in the clock hours analysis) and
altered contour of the RNFL. As PVDs tend to be mobile, these defects may appear in
slightly different locations on subsequent examinations.

Segmentation error due to misidentification of retinal landmarks. After the scans are
acquired, the software in OCT machines identifies the inner and outer limits of the RNFL
then calculates the RNFL thickness. If these limits are misidentified, such as in the
presence of an epiretinal membrane or intraretinal cyst, both the RNFL thickness and
contour may be misrepresented. Hence, it is important to inspect the images and the
delineation marker lines to rule out segmentation error. This error can result in both
artifactitious thinning and thickening of the RNFL.

Poor signal strength. This is usually related to the presence of media opacity, most
commonly present on the ocular surface and/or in the lens, and less commonly in the
vitreous. A decreased signal usually results in an artifactitiously thinned RNFL with
preserved contour. ® 7
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FIG 2-2. Optical coherence tomographic analysis of the circumpapillary retinal nerve fiber layer (RNFL). The
RNFL analyses are presented as average, and by quadrants and clock hours. Green denotes thickness between the 5"
and the 95™ percentile of the normal population; yellow denote a value below the 5™ percentile of the population,
and red denotes thinning below the 1% percentile. Supranormal areas above the 95" percentile are colored white.
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Intact contour with appropriate

superior and inferior peaks (right Abnormal contour with loss of
eye, solid line) inferior peak (right eye, solid line)
B
RNFL Thickness
1n —0D === 0S

200

100

0
TEMP sUp NAS IF TEMP TEWP SUP NAS INF TEMP

FIG 2-3. The retinal nerve fiber layer (RNFL) contour on the TSNIT graph. A. Normal RNFL contour has peaks at
the superior and inferior poles and resembles the shape of the nomogram. B. Focal thinning of RNFL in the inferior
pole of the right eye denoted by a dip in the thickness contour (solid line). The left eye has abnormal heights at both
the superior and inferior poles (dotted line). Loss of the superior and/or inferior peak denotes abnormal contour,
even if the average/quadrant thicknesses are normal.
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Artifactitious inferior nerve
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FIG 2-4. Decentration artifact. The right eye was first scanned with an inferiorly decentered circular mire and then
rescanned with proper mire centration (insets). The decentration resulted in artifactitious inferior nerve fiber layer
thinning as demonstrated on both the circular (TSNIT) thickness graph and in the quadrants and clock-hour analyses
(red ovals). Note that nerve fiber layer thickness at the pole of the optic disc closer to the circular mire (in this
example, superior) appears abnormally thick whereas the pole farther from the mire (inferior) appears abnormally
thin as the retinal nerve fiber layer thickness increases closer to the optic disc.
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Posterior vitreous detachment (right eye)
Mobile area of signal drop out

RNFL Thickness Map RNFL Thickness Map

RNFL Thickness RNFL Thickness
R |, R WP QD --- 0S

Focal thinning corresponding
to area of signal drop out
(solid line)

Focal thinning resolved

FIG 2-5. Posterior vitreous detachment-associated error. These scans are of the right eye and both were obtained
during the same visit. There is a mobile area of signal drop out and corresponding focal thinning of the retinal nerve
fiber layer.
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FIG 2-6. Poor signal strength resulting in artifactitious thinning of the average, quadrant and clock-hour retinal
nerve fiber layer (RNFL) thickness. In the original exam dated 1/15/2015 (top), the signal strengths are suboptimal
(4/10). On a repeat exam 2 months later (bottom left, bottom right), the improved signal strengths resulted in
improved average, quadrant, and clock-hour RNFL thicknesses.
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2 Evaluating the Asymptomatic Patient

Normal thickness and contour. An optic disc with normal RNFL thickness and
contour should have the average thickness box and all quadrants colored green or white.
There should be no red clock hours. The contour should be smooth and resemble the contour
of the nomogram and that of the fellow eye (Figures 2-2). These findings suggest the
absence of glaucomatous optic nerve damage, ® though sometimes glaucomatous damage
may be masked due to inner and outer retina misidentification and segmentation error. >°

Abnormal thickness, normal contour (Figure 2-7). When the contour is preserved,
abnormal average thickness is usually attributed to diffuse axonal loss (usually congenital) or
to poor signal strength and/or scan quality due to poor media clarity. ® * Highly myopic, but
nonglaucomatous, eyes may show abnormal RNFL thickness with intact contour.

If the signal strength is less than 7/10, the scan should be repeated with efforts to improve
scan quality. Generous ocular surface lubrication and/or pupillary dilation will often allow
capture of an adequate scan. While a scan with suboptimal signal strength may not be
accurate in detecting glaucomatous damage, it may still be precise enough for the
longitudinal detection of change, assuming the level of media opacity remains similar.
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FIG 2-7. Abnormal thickness, normal contour. In this scan of a 16-year old patient, the average retinal nerve fiber
layer thickness is markedly thinned (expected normal for this age range should be 100-120 microns *°), although the
contour is symmetric and intact. This patient has congenital optic nerve hypoplasia and has been followed for 2
years without progressive thinning. Note that the colored nomogram is not available in this patient who is younger
than 18 years.

Normal thickness, abnormal contour (Figure 2-8). This is the least common scenario
of the four presented. Occasionally, normal average, quadrant and clock hour thickness can
be accompanied by a focal departure of TSNIT contour. This finding is strongly suspicious
of glaucomatous damage, especially when accompanied by a corresponding visual field
defect. A decentered scan or posterior vitreous detachment (P\VVD) can yield normal thickness
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2 Evaluating the Asymptomatic Patient

but abnormal contour with focal thinning in the quadrant furthest away from center of the
circular mire or in the area of the PVD, respectively (see “Artifacts in Optical Coherence
Tomography Analysis of Circumpapillary Retinal Nerve Fiber Layer,” page 14).
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DOB: Exam Time:
Gender: Serial Number:
Technician: Signal Strength:  9/10 8/10
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and clock-hour
thicknesses

RNFL
Clock
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FIG 2-8. Normal thickness, abnormal contour. The average, quadrant and clock-hour thicknesses are all within
normal limits. However, the contour map shows a focal dip in RNFL thickness at the inferior pole which
corresponds to an early visual defect.
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Abnormal thickness and contour (Figure 2-9). This is highly suspicious for
glaucomatous damage. Rule out a poorly performed study with segmentation/analysis error.
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DOB: Exam Time:
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FIG 2-9. Abnormal thickness and contour. This patient’s left eye demonstrates marked thinning of the average
retinal nerve fiber layer as well as abnormal contour (dotted line).
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2 Evaluating the Asymptomatic Patient

The Patient with an Abnormal Visual Field

All complete eye examinations include some assessment of the visual field. For the many
patients who are not under particular suspicion of glaucoma or other condition affecting the
field, confrontation fields suffice, but patients with elevated 10P and or abnormal optic discs
should have formal visual fields. It is preferable to obtain fields before ocular manipulation
(tonometry, gonioscopy, or pupillary dilation). Thus, in an initial evaluation when tonometry
and gonioscopy have already been completed, the fields are better tested on a separate date.
If this is unrealistic, wait at least an hour to allow the corneal epithelium to recover.

We consider automated static threshold perimetry to be the standard of care in glaucoma, and
we currently use a Humphrey Field Analyzer (Carl Zeiss Meditec, Inc., Dublin, California,
United States of America) equipped with the STATPAC package of analyses with Guided
Progression Analysis (GPA). All examples in this text are from that instrument. Extensive
details about testing strategies and printout options on this and other perimeters are beyond
the scope of this book but are available in standard perimetric texts. Figures 2-10 through 2-
14 briefly describe the standard test program and data presentations used in this book. The
three most useful analyses in glaucoma management are:

e Single Field Analysis (Figure 2-12)
e Overview (Figure 2-13)
e  Guided Progression Analysis (Figure 2-14)

First stimulus seen: Increased
decrease intensity

until not seen; then

increase until seen.

Decreased First stimulus not seen:
increase intensity until
seen; then decrease
until not seen.

®

Retinal

Stimulus l L
Intensity ® Patient’s sensitivity
(4} hill of vision
A
€)
Increased Decreased

FIG 2-10. Typical strategy of threshold determination on an automated static threshold perimeter. Most perimeters
increase or decrease the stimulus intensity in 4 dB steps until threshold is crossed and then move back in 2 dB steps
until it is crossed again (1 dB = 0.1 log unit of attenuation of the maximum stimulus).

24



CLINICAL DECISIONS IN GLAUCOMA

1. Foveal sensitivity
tested first

2. Primary points,
one in each
guadrant, tested
next

4. Points that are
much more or less
sensitive than
expected are re-
tested

3. Additional points
tested using primary
point data to

determine initial
test brightness

©+0:302
A BLIND SPOT

FIG 2-11. Field algorithm. A. General testing sequence for threshold programs on the Humphrey perimeter. B. Test
points (right eye) on the 24-2 and 30-2 programs (reprint from Effective Perimetry, 4™ Edition, page 29, by A. Heijl
et al, 2012, Dublin, CA: Carl Zeiss Meditec, Inc. Copyright 2012 by Carl Zeiss Meditec, Inc. Reprinted with
permission).
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FIG 2-12. Humphrey 24-2, Single Field Analysis. A. Patient information and test conditions. B. Reliability
parameters (dash-line box). Fixation losses, false-positive errors, and false-negative errors are discussed in the text.
C. Test result in dB. The higher the number, the greater the visual sensitivity. D. Gray scale. E. Total deviation: the
difference from normal in dB (top) and the likelihood that the results occurred by chance (bottom). F. Pattern
deviation: the total deviation, corrected for the overall height of the hill of vision to minimize the effect of media
opacity, in dB (top) and the likelihood that the results occurred by chance (bottom). G. Key to probability symbols.
H. Glaucoma Hemifield Test (see page 51). I. Global indices. The Visual Field Index (VFI), mean deviation (MD),
and Pattern Standard Deviation (PSD) are discussed in the text. J. Gaze tracker. A gaze deviation is recorded as a
line extending upward, while inability to track gaze (e.g. a blink) is recorded as a line extending downward.
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FIG 2-13. Overview. This condensed printout of a series of fields includes most of the information from the single-

field analysis.
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FIG 2-14. Guided Progression Analysis (GPA) Summary Report. A. (this page) GPA baseline and Visual Field
Index (VFI) trend analysis. The patient’s age is shown on the horizontal axis and VFI on the vertical axis. The rate
of progression and likelihood that the changes occurred by chance are displayed below (yellow highlight). B. (next
page) Glaucoma Change Probability Map (different patient). GPA alert shows “Possible Progression” if > 3 test
points deteriorated on two consecutive follow-up tests; “Likely Progression” (yellow highlight) if > 3 test points
deteriorated on three or more consecutive follow-up tests (open triangle = deterioration detected once, half-black
triangle = deterioration detected on two consecutive exams, black triangle = deterioration detected on three
consecutive exams). Detecting progression by visual field changes is discussed in Chapter 5.
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Baseline Visual Field Examination

Future therapeutic decisions may depend on the relation between the baseline fields and
subsequent fields; the more accurate the initial field baseline, the easier it is to determine on
subsequent exams if a patient’s condition is stable or changing. Patients with elevated
pressure should have threshold tests. Although suprathreshold testing may be quite sensitive
for identifying all but the most subtle defects, threshold testing permits much better
comparison in the future.

We consider two fields to be the minimum baseline. For some individuals, more fields may
be necessary. Fields vary from day to day, and multiple tests give a more accurate
measurement than one test and provide a sense of the variability to be expected on different
days in the patient. The time course for obtaining baseline fields is somewhat dependent on
the patient’s other findings. The more severe the damage, the more pressing the need to
define the patient’s position at the time of diagnosis and to proceed to therapy. We routinely
obtain a 24-2 threshold test as the first field examination and perform a second 24-2 field
examination within 1 or 2 months. If the first field is very depressed or constricted, we
proceed as described on page 31. Depending on the similarity between the first two fields,
additional early tests may be obtained to complete the baseline. Patients who require 10P-
lowering may start treatment while their field baseline is being completed. This toilsome
baseline effort improves the clinician’s future ability to make accurate judgments.
Henceforth, when the term baseline is used in relation to fields, we refer to at least two fields
with the baseline determined as described below.

First two fields very similar, routine baseline. We consider the first two fields
consistent and use the more reliable of the two as a baseline for future comparison if —

e The mean deviations (MD) differ by < 1.5dB regardless of defect severity, or
e The MD of both fields are -6 dB or worse and differ by < 2 dB.

First two fields vary, nonroutine baseline. The three common explanations for a
marked difference between the first and second field are learning effect, marked true
variability in the field, and poor patient reliability. Obtaining a third field helps to sort these
and will, in most cases, complete the baseline studies.

Learning effect. Many people test better during perimetry after their first field. Some
people improve a great deal, and in these individuals the baseline should exclude the first
field. If the third field is similar to the second, use the second and third as a baseline. The
GPA automatically analyzes a series of fields for reliability and learning effect and chooses
two baseline exams. Occasionally a patient continues to improve with subsequent fields
beyond the second (Figure 2-16). This makes establishment of a baseline difficult and
frustrating, but the fields should be repeated fairly frequently until a consistent result is
obtained. The severity of the other findings will guide the clinician in the timing of fields for
the sake of a baseline — the more severe the disease, the more frequently the field should be
tested until it stabilizes. Use the two or three most consistent fields as a baseline.
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True variability or poor reliability. If the first three fields show random variation,
attempt to determine whether the patient is reliable and the field is truly variable, or if the
patient is not reliable. The assessment of reliability is reviewed on pages 42-49. If the patient
seems to be reliable but the fields vary substantially, we generally rely on the Guided
Progression Analysis program to select the best baseline fields.

If the fields vary widely and randomly and if it seems that the patient is unreliable, attempt to
reeducate the patient as to how to perform perimetry. If this does not help, at some point it
may be determined that threshold fields will not be useful. This is one instance when it is
appropriate to try a suprathreshold field; if test length contributes to the patient's
unreliability, suprathreshold testing may be better than nothing. If the patient simply cannot
perform reliable field examinations, then he or she may be followed as described on pages
91-92 and 121-124.

First field very depressed or constricted —

Depression. The higher the threshold values and the more points seen, the better the
basis to recognize changes. The standard 24-2 program uses a size Il (4 mm?) target.
Retesting a very depressed field using a size V (64 mm?) target may provide much more
useful data (Figure 2-17). The STATPAC single-field analysis (to help determine if the field
is normal or not) is not available for size V. However, the decision to use size V presumes
that the field is clearly abnormal.

Marked constriction. If the majority of points seen on the 24-2 threshold test fall
within the central 10 degrees, it is better to obtain a set of baseline 10-2 threshold tests. This
program tests only the central 10 degrees using points separated by 2 degrees (Figures 2-15,
2-18). If the field is both depressed and constricted, a 10-2 program using a size V target
may be useful (Figure 2-19).
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2 Evaluating the Asymptomatic Patient

e+e 102
° ° ° ° &+ :242
A : BLIND SPOT

FIG 2-15. Test points on the 10-2 program. While the 24-2 tests (blue dots) point are separated by 6 degrees, 10-2
test points (red dots) are separated by only 2 degrees. Note that the 24-2 and 10-2 programs only overlap at one test
point in each quadrant (half-red, half-blue dots, reprint from Effective Perimetry, 4" Edition, page 32, by A. Heijl et

al, 2012, Dublin, CA: Carl Zeiss Meditec, Inc. Copyright 2012 by Carl Zeiss Meditec, Inc. Reprinted with
permission).
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Overview

CLINICAL DECISIONS IN GLAUCOMA

Eye: Right

Central 24-2 Threshold Test

Threshold Graytone Threshold (dB) Total Deviation Pattern Deviation
11-15-2007 SITA-Standard GHT: Outside pormal limits
3.9mm
% % |5 27
2% 27 28(2% 2% 26
2 28 28 2821 27 2% 25 i
26 23 28 28 29|20 % 23 % o B
2421 21 21 % (% 28 (0 5 N B - 3
% 2% 27 2|5 8 5 2% #wH AN % |l
% 21 8|5 B B SR -
2% 26|28 2% i
Fovea: 33 dB VFI. 95% FL:3/15 FN: 0% FP: 4%
MD: -3.18dB P<2% PSD: 1.66dB
11-15-2007 SITA-Standard GHT: Borderline
4.4 mm
2 B|ln2
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2828 20 2|0 27 S 27
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B8 B|XBT2 Eo g I BRI oo gE B
2% 29 0 (28 28 28
27 8|28 5
Fovea: 31dB VFI: 98% FL:1/15 FN: 3% FP: 2%
MD: -1.11dB P<10% PSD: 1.73dB
05-15-2008 SITA-Standard GHT: Within normal limits
4.2mm
2B |6 5
% 7 27|07 S
2828 0 28027 2% 2
020N 0[N BTY
P EEEIEE
27290 2|2 N 8 27
2 29 (8 27 27
28 28|21 8
Fovea: 34 dB VFI: 100% FL:0/14 FN: 0% FP: 2%
MD: -1.42dB PSD: 1.21dB

FIG 2-16. Learning effect. The first two fields were obtained on the same day. The first underestimated the patient’s
visual field and should not be part of the baseline for future comparison.
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2 Evaluating the Asymptomatic Patient

Single Field Analysis Eye: Left
DOB:

Central 24-2 Threshold Test

Fixation Monitor: Blind Spot Stimulus: Ill, White Pupil Diameter: Date: 12-01-2015
Fixation Target: Central Background: 31.5 ASB Visual Acuity: Time: 10:39 AM
Fixation Losses: 0/15 Strategy: SITA-Standard RX: +3.25DS +2.75DC X 180 Age: 74

False POS Errors: 0%
False NEG Errors: N/A
Test Duration: 06:13

Fovea: 19dB W © ©ro ©

© © | © <

o 1

27 -28|~28 -28
-29 =30 =30|-30 =30 -29
=29 =30 -29 -30|-24 -2 -21 -29 Pattern Deviation not
=24 -18-17|=17 =17 =24 =21 =28 shown for severely GHT, -
=17 -15-17|-17 -14 -18 -15 -26 depressed fields. Refer Qs normal Ao
-29 =17 -14 -15[-14 =17 -19 -30 to Total Deviation.
=17 =15 =22|-23 16 =17 NG
=31 -31(-31 -0 MD -21.84dB P<0.5%
PSD 6.58dB P<0.5%
Total Deviation Pattern Deviation
EREN
EREEEN
EEERERER Pattern Deviation not
B EEREERENEDN shown for severely
B EREERENDN depressed fields. Refer
EEERERER to Total Deviation.
ENEENEN
EREN .
11 <5%
#<2%
B<1%
W <05%

FIG 2-17. A. Depressed field, size 111 target. Threshold values are so depressed that progressive deterioration will be
impossible to judge well. B. (next page) Depressed field, size V target. The defect depth plot highlights points that
are particularly depressed relative to the overall field. The threshold sensitivities are high enough to follow. The
total thresholds for each quadrant are displayed (red circles).
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B

Three in One

CLINICAL DECISIONS IN GLAUCOMA

Eye: Left

DOB:

Central 24-2 Threshold Test

Fixation Monitor: Blind Spot
Fixation Target: Central
Fixation Losses: 0/17
False POS Errors: 0/9
False NEG Errors: 2/8

Stimulus: V, White

Background: 31.5 ASB

Strategy: FASTPAC

Pupil Diameter: Date: 12-01-2015
Visual Acuity: Time: 10:52 AM
RX:+3.25DS +2.75DC X 180 Age: 74

Test Duration: 08:57 Threshold Graytone
Fovea: 13dB
2 1
Defect Depth (dB) — Threshold (dB) pati
,// \‘\\ ’/ \\\
[ e6 | [ 101 |
X /
9 74 4 /
R 37 T J//
% 26126 2 o o 1t {0
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22 24 % |18 13 14 % 5 6 4 3 [10 16 13 0
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15,20 10 16 (12 11 13 2 B "M 6 18 15 [19 22 19 0 0
0 } 2] L b 2 (1) —A— (D~~~ (oI~ S—t 20
2 2 ° 67 7 o 9 2 12 2 1 1710
(15) (22) |(28) (17) (o)
"n 8 o 6 [0 o 6 6 15 19 28 2% X5 2 2
(19) (5) (25)
7 8 o 6 o o 19 16 2 24 A
(19) () 1)
6 S5Tt6 9 18 21 t17. 17
ST (21) (3) (17 o
\ / \
( 253 | | 284 |
\ /
N R =t

o = Within 4 dB of Expected
Central Reference: 30 dB xx
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2 Evaluating the Asymptomatic Patient

A

Single Field Analysis Eye: Right
DOB: 12-29-1931

Central 24-2 Threshold Test

Fixation Monitor: Gaze/Blind Spot Stimulus: 11, White Pupil Diameter: 4.0 mm Date: 12-04-2015
Fixation Target: Central Background: 31.5 ASB Visual Acuity: Time: 9:55 AM
Fixation Losses: 1/19 Strategy: SITA-Standard RX: +4.75DS +1.75DC X150 Age: 83

False POS Errors: 1%
False NEG Errors: 0%

Test Duration: 08:39
Fovea: 34 dB
2 121
9 1 2|6 0 7
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O o o o 18| 2 0o 2%
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"o o f o o |u 2 ‘(}) "o ‘ '
2 1% 0 |4 ¢ 1 15
8 5|8 9 18
B 16r2 2
=23 =13(=27 =26
=17 =16 =26(=22 =27 =19
=21 =31 =15 =32|=31 =14 =22 =5 Pattern Deviation not GHT
=27 =30 =2 =3 =13|~4 -5 -1 shown for severely ) .
) QOutside normal limits
=27 =30 =3 =33 =33|=17 =4 =1 depressed fields. Refer
=4 =14 =31 =33|=33 =32 =16 =13 to Total Deviation.
VFI  34%
-14 =21 =25|-22 =20 -1
-13 -12|-6 -9 MD -20.76dB P<05%
PSD 11.02dB P<0.5%
Total Deviation Pattern Deviation
ElER
EEEEREN
EEEERENNE: Pattern Deviation not
ERRRNER shown for severely
EEERERNEN: depressed fields. Refer
AT REENNN to Total Deviation.
EEEENEN
ERENR .
W LK<5%
¥ <2%
Bz
W<05%

FIG 2-18. A. Constricted field. Only 5 points (excluding the fovea) are seen within 10 degrees of fixation. The
patient was then tested with a 10-2 program. B. (next page) The 10-2 test on the same patient provides a larger
number of test points to follow in the future. There is a slight worsening in reliability indices on retest, possibly
related to patient fatigue. Multiple 10-2 fields can be printed in an overview.
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CLINICAL DECISIONS IN GLAUCOMA

B

Single Field Analysis Eye: Right

131
Central 10-2 Threshold Test
Fixation Monitor: Blind Spot Stimulus: 1ll, White Pupil Diameter: 4.0 mm Date: 12-04-2015
Fixation Target: Central Background: 31.5 ASB Visual Acuity: Time: 10:19 AM

Fixation Losses: 6/19 Strategy: SITA-Standard RX: +4.75DS +1.75DC X150 Age: 83
False POS Errors: 6 %
False NEG Errors: 7%

Test Duration: 09:26
{0 | {0
Fovea: 34 dB
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-33-34 =34 - -23-1 -4 -4 0 -7 =30 =31 -31-29-20( 2 -1 -1 3 -3
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2 Evaluating the Asymptomatic Patient

A

Single Field Analysis Eye: Right

Central 24-2 Threshold Test

Fixation Monitor: Gaze/Blind Spot Stimulus: 111, White Pupil Diameter: 3.5 mm Date: 01-28-2014
Fixation Target: Central Background: 31.5 ASB Visual Acuity: Time: 9:57 AM
Fixation Losses: 0/14 Strategy: SITA-Standard RX: +3.00DS DC X Age: 87

False POS Errors: 2 %
False NEG Errors: 57 %
Test Duration: 06:20

Fovea: 26d8 W © ©le ©

©© © [ © ©

2 | © (0“ 0 I{o o | { <? o ,‘<° Lo
0 © © © | © ©
 © 1 s|o 2 o
© 13 2|15 2 ]
©© Gt
=27 =27|=27 =26
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v Qutside normal limits
=21 -0 "R -B-B-B-R -0 depressed fields. Refer
=29 =31 =20 =26(=30 =4 =31 =30 to Total Deviation.
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“0 =17 -4 [-14-9 -5
=29 =30/~ =30 MD -27.50dB P<0.5%
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ERREE:NN to Total Deviation.
IRz HNN
EEEN "
(5%
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W<05%

FIG 2-19. A. Depressed and constricted field. 24-2 program with size 111 (4 mm?) target. The size 11l target was seen
in only a few points. B. (next page) 10-2 program with size V (64 mm?) target on the same patient provides a larger

number of test points to follow in the future.
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CLINICAL DECISIONS IN GLAUCOMA

B

Three in One Eye: Right

Central 10-2 Threshold Test

Fixation Monitor: Gaze/Blind Spot Stimulus: V, White Pupil Diameter: 3.6 mm Date: 01-28-2014
Fixation Target: Central Background: 31.5 ASB Visual Acuity: Time: 5:11 PM
Fixation Losses: 3/17 Strategy: FASTPAC RX:+3.50DS DC X Age: 87

False POS Errors: 2/12
False NEG Errors: 0/10
Test Duration: 10:54 Threshold Graytone

Fovea: 19dB

Defect Depth (dB) Threshold (dB)

115 176
% |2 2| 2
% 20 81% B 5 0 213 6 3
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o = Within 4 dB of Expected
Central Reference: 30 dB xx
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2 Evaluating the Asymptomatic Patient

Visual Field Interpretation

The interpretation of a visual field involves three steps — recognition of artifact,
determination of reliability, and assessment for evidence of damage.

Artifact. Two common field artifacts are those caused by the upper lid and the lens
rim. The lid artifact is always superior and thus easier to recognize. A lens rim artifact
appears if a corrective lens is either too far from the eye or is not centered. In either case the
rim of the lens projects into the test area. Lens rim artifacts are usually sharply demarcated
absolute defects with sensitivity of 0 dB (Figure 2-20 A and B).

A Central 24-2 Threshold Test
Graytone Threshold (dB) Total Deviation Pattern Deviation
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