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Practicing Ophthalmologists Curriculum
Disclaimer and Limitation of Liability

As a service to its members and American Board of Ophthalmology (ABO) diplomates, the American
Academy of Ophthalmology has developed the Practicing Ophthalmologists Curriculum (POC) as a tool
for members to prepare for the Maintenance of Certification (MOC) -related examinations. The
Academy provides this material for educational purposes only.

The POC should not be deemed inclusive of all proper methods of care or exclusive of other methods of
care reasonably directed at obtaining the best results. The physician must make the ultimate judgment
about the propriety of the care of a particular patient in light of all the circumstances presented by that
patient. The Academy specifically disclaims any and all liability for injury or other damages of any
kind, from negligence or otherwise, for any and all claims that may arise out of the use of any
information contained herein.

References to certain drugs, instruments, and other products in the POC are made for illustrative
purposes only and are not intended to constitute an endorsement of such. Such material may include
information on applications that are not considered community standard, that reflect indications not
included in approved FDA labeling, or that are approved for use only in restricted research settings. The
FDA has stated that it is the responsibility of the physician to determine the FDA status of each drug or
device he or she wishes to use, and to use them with appropriate patient consent in compliance with
applicable law.

The Practicing Ophthalmologists Curriculum is intended to be the basis for MOC examinations in 2014,
2015 and 2016. However, the Academy specifically disclaims any and all liability for any damages of any
kind, for any and all claims that may arise out of the use of any information contained herein for the
purposes of preparing for the examinations for MOC.

THE AMERICAN ACADEMY OF OPHTHALMOLOGY DOES NOT WARRANT OR GUARANTEE THAT USE OF
THESE MATERIALS WILL LEAD TO ANY PARTICULAR RESULT FOR INDIVIDUALS TAKING THE MOC
EXAMINATIONS. THE AMERICAN ACADEMY OF OPHTHALMOLOGY DISCLAIMS ALL DAMAGES, DIRECT,
INDIRECT OR CONSEQUENTIAL RELATED TO THE POC.

Any questions or concerns related to the relevance and validity of questions on the MOC
examinations should be directed to the American Board of Ophthalmology.

COPYRIGHT © 2014
AMERICAN ACADEMY OF OPHTHALMOLOGY
ALL RIGHTS RESERVED
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Background on Maintenance of Certification (MOC)

Developed according to standards established by the American Board of Medical Specialties (ABMS), the
umbrella organization of 24 medical specialty boards, Maintenance of Certification (MOC) is designed as
a series of requirements for practicing ophthalmologists to complete over a 10-year period. MOC is
currently open to all Board Certified ophthalmologists on a voluntary basis; time-limited certificate
holders (ophthalmologists who were Board Certified after July 1, 1992) are required to participate in this
process. All medical specialties participate in a similar process.

The roles of the American Board of Ophthalmology (ABO) and the American Academy of Ophthalmology
relative to MOC follow their respective missions.

The mission of the American Board of Ophthalmology is to serve the public by improving the quality of
ophthalmic practice through a process of certification and maintenance of certification that fosters
excellence and encourages continual learning.

The mission of the American Academy of Ophthalmology is to advance the lifelong learning and
professional interests of ophthalmologists to ensure that the public can obtain the best possible eye care.

The role of the ABO in the MOC process is to evaluate and to certify. The role of the Academy in this
process is to provide resources and to educate.

Background on the Practicing Ophthalmologists Curriculum (POC)

At the request of the ABO, the Academy developed the Practicing Ophthalmologists Curriculum (POC), a
knowledge base that identifies and defines areas of knowledge important to the delivery of quality eye
care as a basis for the content of examinations for the MOC process. The content in the POC is
comprised of the information deemed as the most relevant clinical information for a practicing
ophthalmologist.

The ABO has agreed that their Periodic Ophthalmic Review Test (PORT) and closed-book Demonstration
of Ophthalmic Cognitive Knowledge (DOCK) examinations will be based on the POC. The ABO is solely
responsible for creating the PORT and DOCK exams and for certifying MOC candidates. The Academy has
developed study tools based on the POC to assist doctors preparing to meet these MOC requirements.

Organization of the POC
The Practicing Ophthalmologists Curriculum comprises 10 practice emphasis areas (PEA), plus Core
Ophthalmic Knowledge. The ABO has designated the following as practice emphasis areas:

. Comprehensive Ophthalmology

. Cataract/Anterior Segment

. Cornea/External Disease

. Glaucoma

. Neuro-Ophthalmology and Orbit

. Oculoplastics and Orbit

. Pediatric Ophthalmology/Strabismus
. Refractive Management/Intervention
. Retina/Vitreous

. Uveitis
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In addition to two practice emphasis areas of choice, every diplomate sitting for the DOCK examination
will be tested on Core Ophthalmic Knowledge. Core Ophthalmic Knowledge is defined as the
fundamental knowledge every practicing ophthalmologist must have whatever their area of practice.

Each PEA is categorized into topics presented in an outline format for easier reading and understanding
of the relevant information points by the reader. These outlines are based on a standard clinical
diagnosis and treatment approach found in the Academy’s Preferred Practice Patterns.

For each topic, there are Additional Resources that may contain journal citations and reference to
textbooks. These resources are supplemental to the topic outline, and should not be necessary for MOC
exam preparation purposes.

Creation of the POC

The POC was developed by panels of practicing ophthalmologists in each of the ten practice emphasis
areas. The panels reflect a diversity of background, training, practice type and geographic distribution,
with more than 90 percent of the panel members being time-limited certificate holders.

The panels ranked clinical topics (diseases and procedures) in terms of clinical relevance to the
subspecialist or comprehensive ophthalmologist. The panelists created outlines for the topics deemed
Most Relevant, based on what an ophthalmologist in a specific practice emphasis area needs to know to
provide competent, quality eye care (i.e., directly related to patient care). These outlines were reviewed
by subspecialty societies and the American Board of Ophthalmology.

Revision Process

The POC is intended to be revised every three years. The POC panels will consider new evidence in the
peer-reviewed literature, as well as input from the subspecialty societies, the American Board of
Ophthalmology and the Academy’s Self-Assessment Committee, in revising and updating the POC.

Prior to a scheduled review the POC may be changed only under the following circumstances:

o A Level | (highest level of scientific evidence) randomized controlled trial indicates a major
new therapeutic strategy

. The FDA issues a drug/device warning

o Industry issues a warning
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Aqueous humor dynamics and intraocular
pressure

.  Route:
A. Trabecular Outflow (predominant route)
1. Ciliary Body (CB)—
Posterior Chamber—

Pupil—

A w0 DN

Anterior Chamber —
Trabecular Meshwork —
Schlemm's Canal —

Collector Channels—

© N o O

Venous system
B. Uveoscleral Pathway

1. Ciliary Body —
Posterior Chamber—
Pupil—
Anterior Chamber —

Ciliary muscle —

o a & w b

Supraciliary and Suprachoroidal space —

7. Intact sclera

Il. Aqueous humor formation - site of production

A. Ciliary processes

1. Double layer of epithelium connected together by intercellular tight junctions (blood aqueous
barrier)

a. Inner non-pigmented (site of aqueous production)

b. Outer pigmented

lll. Aqueous humor formation

A. Active secretion/transport
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VL.

VII.

VIIL.

B. Ultrafiltration
C. Diffusion

Active transport

A. Independent of IOP

B. Majority of aqueous produced this way

Ultrafiltration

A. Pressure dependent
B. Capillary pressure in CB > IOP

C. Oncotic gradient forces fluid back in to CB

Diffusion

A. Passive movement of ions across a gradient

Functions of aqueous

A. Maintain intraocular pressure
B. Provide substrates for cornea and lens

C. Remove metabolic products

Aqueous characteristics

A. Very low protein level compared with plasma

Rate of aqueous formation

A. Fluorophotometry (method of quantifying rate of formation)

B. 2 - 2.5 ml/min
C. 1% turnover / minute
D. Varies diurnally and decrease during sleep
E. Decreases with:
1. Age
2. Trauma
3. Inflammation
4, Certain systemic drugs

Glaucoma 1
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a. Anesthetics
b. Systemic hypotensive agents

5. Carotid occlusive disease

X. Aqueous humor outflow

A. Facility of outflow varies greatly in normals

B Decreases with age

C. Decreases with surgery, trauma and endocrine factors
D

Decreased in glaucoma

Xl. Calculating IOP - Goldmann equation
A. Py=(FIC)+P,
1. Pg=I0P (mm Hg)

2. F = Aqueous formation (ul /min)

3. C = Facility of outflow (ul / min /mm Hg)
4, P, =Episcleral venous pressure (mm Hg)
5. R (resistance to outflow) = 1/C

a. Not part of equation

XIl. Trabecular outflow

A. Majority of outflow is through trabecular meshwork

1. Uveal
2. Corneoscleral
3. Juxtacanalicular
a. Maijor site of outflow resistance

B. Pressure dependent outflow

XIlll. Uveoscleral outflow

A. Non trabecular outflow
1. Predominantly via CB to supraciliary and suprachoroidal space
B. Pressure independent outflow

Increased by
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D.

1. Cycloplegics
2. Adrenergic

3. Prostaglandins analogues
Decreased
1. Miotics

XIV. Episcleral venous pressure

A.

Relatively stable

1. Same as central venous pressure
2. Increases with

a. Head down position

b. Disease of orbit

C. Neck diseases

d. AV shunts

Normal 8 - 10 mm Hg

XV. I0OP distribution

A.
B.

Mean IOP 15.5mmHg
Non gaussian distribution

1. Skewed toward higher IOPs

XVI. Factors influencing IOP

A.

I OoMmMmO oD

K.

Glaucoma

Time of day

Heartbeat

Breath holding

Exercise

Fluid intake

Systemic and topical medications
ETOH transiently decreases
Cannabis transiently decreases
Higher reclined than vertical
Increases with age

Higher in first degree relatives of POAG patients

13
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XVIl.Diurnal variation

A. IOP varies 2-6mmHg over 24hr period

Higher IOP associated with wider fluctuations in IOP
Diurnal fluctuation >10mmHg suggestive of glaucoma
Peak IOP usually during early morning hours

Impact of IOP fluctuation on optic nerve remains unknown

mmo o W

Systemic hypotension during sleep — decreased optic nerve perfusion—optic nerve damage

Additional Resources

1. AAOQ, Basic and Clinical Science Course. Section 10: Glaucoma, 2013-2014.
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Tonometry: clinical measurement of
intraocular pressure (IOP)

l. Indications and contraindications

A. Indications

1. Measurement of IOP for screening and monitoring of glaucoma

B. Relative contraindications
1. Corneal laceration

2. Flat anterior chamber

Il. Pre-procedure evaluation

A. Slit lamp biomicroscopy to evaluate cornea for abnormalities that may affect IOP measurement

accuracy

1. Corneal edema

Corneal scars

Band keratopathy

Epithelial irregularity or defects

Keratoconus

o a & w Db

Corneal prosthesis

Pachymetry to measure corneal thickness

Assess patient for things that might affect tonometry accuracy

1. Abdominal or thoracic obesity
2. Tight collar or necktie

3. High astigmatism

4, Breath holding or Valsalva

Contact lens

Lid squeezing

© N o O

Narrow intrapalpebral fissure

lll. Alternative techniques to measure IOP

Glaucoma 15
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A.

Glaucoma

Goldmann tonometry

1. Most widely used in clinic and research
2. Measures IOP by applanating (flattening) a 3.06mm diameter area of the cornea
3. Based on Imbert-Fick Law: internal fluid pressure (P) acting on a thin membrane sphere is equal

to the force (F) needed to flatten a small area (A) of the surface P=F/A
a. Assumes the cornea is infinitely thin and is perfectly elastic

b. Assumes force to bend the cornea is uniform across the population and is balanced by the
attractive force of the surface tension of the tears

C. Assumes central corneal thickness is uniform across the healthy population

d. Calculates IOP by flattening the cornea without accounting for its biomechanical properties,
which may affect measurement accuracy

i. Corneal curvature: eyes with higher corneal power cause falsely higher IOP
measurements

ii. Central corneal thickness (CCT)

i) A thicker normal cornea is harder to applanate and may cause falsely high IOP
readings. A thinner cornea is easier to applanate and may cause falsely low
IOP readings

ii) A thicker cornea due to edema is soft and easier to applanate and may cause
falsely low readings

iii. Corneal material properties

i) Stiffness: a stiff cornea is harder to applanate than a soft cornea, regardless of
its thickness (e.g. corneal scar, band keratopathy)

iv. Viscoelasticity

Perkins: handheld applanation tonometer similar to the slit-lamp mounted Goldmann with a
3.06mm tip with a bi-prism

1. Helpful in obese patients and those patients in whom IOP must be measured upright away from
slit lamp or supine

Tono-Pen: handheld tonometer that contains a strain gauge and produces an electrical signal as
the tip applanates a very small area of the cornea

1. Helpful in patients with nystagmus and corneal irregularity
2. Underestimates in eyes with higher IOP and overestimates in eyes with lower IOP compared with
Goldmann

Pneumotonometer: handheld tonometer with a pressure-sensing device consisting of a gas-filled
chamber covered with a silastic diaphragm

1. Helpful in patients with nystagmus and corneal irregularity
2. Readings tend to be higher than Goldmann tonometry

Non-contact tonometry (NCT)
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1. Determines IOP by measuring the time necessary for a given force of air to flatten a given area of

the cornea
2. Topical anesthetic is not needed
3. Often over-estimates IOP
4, Useful for screening programs

Ocular response analyzer (ORA)

1. A non-contact tonometer which uses a pulse of air to applanate the cornea and measures |IOP
with consideration of the biomechanical properties of the cornea

2. Corneal compensated IOP is calculated based on hysteresis and a corneal resistance factor
Dynamic contour tonometer (DCT)

1. Slit lamp-mounted tonometer which measures IOP with a concave tonometer tip that matches the
curvature of the cornea

2. Some studies indicate no significant effect of CCT, corneal curvature or astigmatism on
measurement

Digital palpation

1. May be useful in in uncooperative patients
2. With keratoprosthesis, useful to compare with other eye
3. Intraoperatively

Rebound tonometry
1. Handheld tonometer in which a light weight probe makes momentary contact with the cornea

2. The higher the IOP, the shorter the contact time with the cornea and the faster the probe
decelerates after contact

3. Useful in uncooperative patients

4, May be useful for screening and home tonometry

IV. Tonometry instrumentation and technique

A.

Glaucoma

Goldmann tonometry
1. Slit lamp mounted tonometer

2. One drop of fluorescein/topical anesthetic solution is administered. Fluorescein highlights the tear
meniscus at the margin of contact

3. cornea and tonometer tip are illuminated with a cobalt blue light
4, The patient is instructed to relax, keep the eye still and lids open and avoid breath-holding
5. Tonometer tip is brought flush with cornea and dial turned from a starting point of 1 until

applanation occurs

a. Applanation is defined as when the inside edges of the prism-split circular meniscus just
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A.

Glaucoma

touch at the midpoint of their pulsations

6. Grams of force to applanate are read from the tonometer dial. IOP in mmHg = 10 (grams of force
to applanate)

7. Tonometer tip is cleaned with antiseptic solution

8. In eyes with high astigmatism, the biprism should be rotated until the dividing line between the
prisms is 45 degrees to the major axis, or an average may be take of horizontal and vertical
readings

Perkins tonometry

1. Hand-held counterbalanced applanation tonometer that can be used with the patient supine or
upright
2. Technique is similar to Goldmann tonometry

Tono-Pen tonometry

1. Digital hand-held tonometer than can be used with the patient supine or upright

2 Tonometer tip is covered with rubber cover

3. One drop of topical anesthetic is administered (proparacaine)

4 Tonometer tip is touched to the central cornea repeatedly until 6-10 measurements are taken by

the instrument and the average read from the digital display

5. Tonometer tip cover is discarded

Pneumotonometer

1. One drop of topical anesthetic is administered

2. Tonometer tip is touched to the central corneal until measurement is read from the digital display

Non-contact tonometer

1. Topical anesthetic is not needed
Ocular response analyzer

1. Topical anesthetic is not needed

Dynamic contour tonometer

1. Digital slit-lamp mounted tonometer
2. One drop of topical anesthetic solution is administered
3. Tonometer tip cover is discarded

Rebound tonometer

1. Despite contact with the cornea, topical anesthetic is not needed

Complications of the procedure, their prevention and management

Complication of contact tonometry (Goldmann, Perkins, Tono-Pen, Pneumotonometer, DCT)
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1. Corneal abrasion

a. Prevent by slow careful applanation and encouraging patient to maintain steady head and
eye position
b. Most applanation induced abrasions heal overnight without treatment

2. Antiseptic toxicity to the epithelium

a. Tonometer tip should be allow to fully dry between patients
3. Anesthetic toxicity to epithelium
4. Potential for transmission of infection

VI. Considerations in interpretation of this procedure

A.

Central corneal thickness may affect IOP measurements by Goldmann, Perkins and Tono-Pen

1. Pachymetry measurements should be used to help interpret IOP measurements, but not to
"convert" measurements. In general, Goldmann IOP measurements in eyes with CCT>600 should
be considered falsely high, and CCT<500 falsely low

a. Relationship between CCT and IOP is non-linear and is inconsistent between trials
comparing tonometry to intracameral pressure by manometry

b. There is a large variability in CCT measurements in health and disease
C. OHTS study indicated thinner corneas are more likely to progress to glaucoma
d. CCT should be re-measured after corneal surgery

A single IOP measurement is only a random sample of a dynamic picture. IOP fluctuates
throughout the day and night

Technician or clinician influences on IOP measurement

1. Pressure from fingers holding lids may be transmitted to globe and elevate IOP
2. Excess fluorescein (thick mires) may cause overestimation of IOP

3. Inadequate fluorescein (thin mires) may cause underestimation of IOP

4. Improper vertical alignment of mires may cause overestimation of IOP

5. Inadequate tonometer calibration

6. Repeated applanation tonometry reduces |IOP readings

Additional Resources

Glaucoma

1. AAO Basic and Clinic Science Course, Section 10. Glaucoma, 2013-2014.
Allingham, RR et al. Shields Textbook of Glaucoma 6" Edition 2011

Tonometry in Adults and Children. Eisenberg, et al. Ophthalmology 1998; 105:1173-1181

A w0 DN

Positive Correlation between Tono-Pen Intraocular Pressure and Central Corneal Thickness.
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Glaucoma

Dohadwala et al. Ophthalmology 1998; 105 1849-1854

Intraocular Pressure difference in Goldmann Applanation tonometry vs Perkins Hand-held
Applanation tonometry in Overweight Patients. Gonzaga dos Santos et al. Ophthalmology 105;
2260-2263

Sources of Error with Use of Goldmann-type Tonometers. Whitacre et al. Survey of Ophthalmology
1993; 38(1):1-30

Intraocular Pressure Measurement Precision with the Goldmann Applanation, Dynamic Contour,
and Ocular Response Analyzer Tonometers. Kotecha, et al. Ophthalmology 2010; 117:730-737.

20 © AAO 2014-2016



Gonioscopy

l. List the indications/contraindications

A.
B.

Glaucoma

Overcomes problem of total internal reflection to see angle structures

Indirect gonioscopy (e.g., Goldmann or four mirror lens)

1. Should be performed as part of the initial evaluation of all patients able to cooperate with the test

and repeated periodically

2. Essential diagnostic tool in glaucoma (viewing the iridocorneal angle)
a. Most common cause of incorrect diagnosis is omission of gonioscopy

i. Overlooking of secondary glaucomas and other glaucomas

ii. Periodically performed can detect emergence of angle closure in a previously open

angle
3. Identification of
a. Angle recession

b. Foreign bodies

C. Abnormal pigmentation
d. Tumors
e. Angle neovascularization
f. Angle synechiae
4, Glaucoma treatment in the angle
a. Laser trabeculoplasty
b. Goniosynechialysis
C. Treatment and evaluation of trabeculectomy or non-penetrating filtering surgery site

d. Gonioplasty/iridoplasty

Direct gonioscopy (e.g., Koeppe style or Swan-Jacob style lens)

1. Examine for angle recession
2. Glaucoma surgery

a. Goniotomy

b. Goniosynechialysis

C. Angle surgery

Contraindications

1. Inability of patient to cooperate

21
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2. Corneal disease precluding application of corneal lens

Il. Describe the pre-procedure evaluation

A. Indirect gonioscopy
1. Comfortable seated patient
2. Well lubricated cornea
3. Topical anesthesia applied prior to application of mirror mounted in contact lens
4, View angle with slit-lamp biomicroscope

B. Direct gonioscopy

1. Recumbent patient

2. Anesthetized cornea

3. Cornea coupled to Koeppe or Barkan lens or surgical gonioprism with saline or viscous solution
4. View angle through hand-held binocular magnifier or surgical microscope

lll. List the alternatives to this procedure

A. Ultrasound biomicroscopy

B. Anterior segment optical coherence tomography

IV. Describe the instrumentation and technique

A. Indirect gonioscopy
1. Produces inverted image 180° away from origination
2. Two types of gonio lenses are in common use
a. 4 mirror type

i. Different types (Zeiss, Posner, Sussman)
i) Rests solely on cornea/ tear film
ii) Requires only drop of anesthetic

ii. Indentation gonioscopy can be performed
i) Technique to differentiate appositional and synechial angle-closure
ii) Helpful in assessment of iridodialysis
iii}) Searching for cyclodialysis cleft

b. Goldmann type

i. Goldmann lens requires clear fluid to fill space between cornea and goniolens
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ii. Lens is brought toward patient's eye and tipped forward quickly enough to trap the
clear fluid

iii. Suction cup effect is obtained keeping lens centered on cornea

i) Beneficial for laser trabeculoplasty

ii) Disadvantage due to inability to perform dynamic gonioscopy
iv. Methylcellulose may interfere with subsequent perimetry

Important to control pupil illumination and perform in darkened room with a very small beam of
light illuminating only the angle, to prevent inadvertently opening an occludable angle with ambient
light

Direct gonioscopy

1.
2.

Produces natural view of angle
Koeppe contact lens inserted while patient lies supine
Advantages

a. Provides ease of view of various parts of the angle with comparison to contralateral eye
when Koeppe lens placed in both eyes

Treatment of angle

a. Goniosynechialysis
b. Goniotomy
C. Ab interno trabeculotomy

V. List the complications of the procedure, their prevention and management

A.

Corneal abrasion

1.

Prevention: moist cornea, topical anesthesia, minimize movement of lens on cornea

VI. Describe the considerations in interpretation of this diagnostic procedure

A.

Glaucoma

Normal angle landmarks (best viewed with parallelepiped or corneal wedge method)

1.

Anterior to posterior

a. Cornea

b. Schwalbe line

C. Non-pigmented trabecular meshwork
d. Pigmented trabecular meshwork

e. Scleral spur

f. Ciliary band
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g. Iris root

Different methods of grading or evaluating angle depth and configuration versus description of
structures

1.

Shaffer, Scheie or Spaeth system

Pathologic examples

1.

A w0 DN
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Developmental abnormalities
Peripheral anterior synechiae
Abnormal pigmentation
Recession

Cyclodialysis cleft

Angle neovascularization
Pseudoexfoliation material
Inflammatory cellular deposits
Tumor

Foreign body

VIl. Describe the follow-up care

A.
B.

Baseline gonioscopy on each patient

Periodic reassessment to look for change

1.

Interval depends on patient's anatomy, diagnosis and clinical course

VIIl. Describe appropriate patient instructions

A.

Glaucoma

Indirect gonioscopy

1.
2.
3.

Explain importance of technique and need for periodic reassessment
Comfortably seated, upright, head fully in slit-lamp biomicroscope

Gaze in direction requested by examining physician

Direct gonioscopy

1.

Explain importance and need for procedure and possible need for reassessment or additional
treatment (in case of therapeutic gonioscopy)

Coordinate effort necessary with examiner and patient (if patient able to cooperate, i.e., not under
general anesthesia, infant)

Patient comfortable and recumbent

Gaze in direction requested by examining physician
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Additional Resources
1. AAO, Basic and Clinical Science Course. Section 10: Glaucoma, 2013-2014.
2. AAO, Atlas: Color Atlas of Gonioscopy, 2" ed. 2008.

3. Robert L. Stamper, Marc F. Lieberman and Michael V. Drake, editors: Becker-Shaffer's Diagnosis
and Therapy of the Glaucomas, 8th Ed. St. Louis: Mosby: 2009.

4. Ritch R, Shields MB, Krupin T, eds. The Glaucomas. 2nd Ed. St Louis: Mosby; 1996.
5. AAO, Focal Points: Gonioscopy in the Management of Glaucoma, Module #3, 2006.

6. http://www.gonioscopy.org/ (http://www.gonioscopy.org/)
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Examination of the optic nerve head by
direct ophthalmoscopy

l. List the indications/contraindications

A.

Qualitative, clinical evaluation of the optic disc and retinal nerve fiber layer

1. Estimate size of disc (compare disc to smallest aperture size = 1.5mm)

Useful to estimate media clarity
Does not provide stereoscopic view of optic disc

Provides less detail than stereoscopic techniques

Il. Describe the pre-procedure evaluation

A.

Pupillary dilation is not necessary

lll. List the alternatives to this procedure

A.
B.

Indirect ophthalmoscope

Slit-lamp biomicroscopic techniques

1. High power concave contact (Goldmann) or noncontact (Hruby) lens
2. High power convex (60, 66, 78, or 90 diopter) lens

Fundus photography

1. Stereo disc photography

2. Red free nerve fiber layer photography

Optic nerve imaging analyzers

Viewing the optic nerve head with a direct ophthalmoscope through the center of a Koeppe lens

may help in patients with small pupils, nystagmus, and involuntary lid closure

1. There must be a high + lens in the direct ophthalmoscope to visualize the disc

IV. Describe the instrumentation and technique

A.
B.

Glaucoma

Position patient and physician at approximately similar eye level so that both are comfortable.

Instruct patient to look at a distant target and try and continue to focus on this spot during the

examination. Inform patient that it is okay to blink during the examination

Dim room lights

Ask patient to remove glasses (if pertinent)
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E. The examiner should hold the direct ophthalmoscope with the right hand while examining the
patient's right eye and with the left hand while examining the patient's left eye

T o m

Dial in the patient's refraction on the ophthalmoscope
Slowly move direct ophthalmoscope closer to patient and locate a blood vessel on fundus
Adjust power of lens in direct ophthalmoscope as needed to focus on blood vessel

Follow blood vessel to locate optic disc and evaluate (See VI-6 below)

V. List the complications of this procedure, their prevention and management

A. Transient photopsias with prolonged examination of the fovea

VI. Describe the considerations in interpretation for this diagnostic procedure

A. Considerations

1.

> w0 DN

o

Glaucoma

Provides a virtual, upright image of the fundus with about 15X magnification

Inexpensive, portable, and simple to use

Advantages include its excellent optics and high magnification

Major disadvantage is the lack of stereopsis

Retinal nerve fiber layer best visualized with red-free filter

Look for signs of glaucoma

a. Generalized

b. Focal

Large optic cup vs. large disc diameter
Asymmetry of the cups

Progressive enlargement of the cup

Narrowing (notching) of the rim
Vertical elongation of the cup

Cupping to the rim margin

iv. Regional pallor
V. Splinter hemorrhage
Vi. Nerve fiber layer loss
vii. ~ Laminar dot sign

C. Less specific

Exposed lamina cribrosa

Nasal displacement of vessels
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iii. Baring of circumlinear vessels

iv. Peripapillary crescent or atrophy

VIl. Describe appropriate patient instructions

A. The patient is instructed to fixate at distant target straight ahead

B. The patient may have an afterimage after the examination
Additional Resources

1. AAOQ, Basic and Clinical Science Course. Section 10: Glaucoma, 2013-2014.

2. AAOQO, Optic Nerve Disorders, 1996; 26-27.
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Clinical examination of the optic nerve

l. Most common methods

A. Slit-lamp biomicroscope with handheld lens

B. Indirect ophthalmoscope

Il. List the indications/contraindications

A. Indications
1. To examine the optic nerve head for clinical signs of glaucoma
2. Can also be used to examine the optic nerve for evidence of other optic neuropathy
3. May be used to examine the macula and posterior pole

B. Contraindications

1. No absolute contraindications
2. Difficult to use in cases of very small pupils and dense media opacities
3. Poor patient cooperation

lll. Describe the pre-procedure evaluation

A. Evaluate pupil function and check for afferent pupillary defect
Evaluate anterior segment
Evaluate angle by gonioscopy

Generally requires dilation; do not dilate if angle is occludable

mo o w

Instruct patient to look toward physician's ear and not straight ahead when evaluating optic
nerve

IV. List the alternatives to these procedures
A. Direct ophthalmoscopy
B. Other slit-lamp biomicroscopic techniques
1. High power concave contact lens (Goldmann)
2. Noncontact high power concave lens (Hruby)
C. Fundus photography
1. Stereo disc photography
2. Red free nerve fiber layer photography
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D. Optic nerve imaging analyzers

V. Instrumentation and technique

A. Slit-lamp biomicroscope with hand held lens

1. A 60-, 66-, 78-, or 90-diopter lens is used in conjunction with the slit-lamp biomicroscope to
provide a stereoscopic view of the disc

a. With a 60-diopter lens, the height of the slit beam indicated on the scale reading equals the
vertical disc diameter in millimeters

b. With a 78-diopter lens, the scale reading is multiplied by 1.1
C. With a 90-diopter lens, the scale reading is multiplied by 1.3
2. Considerations

a. The best view is through a dilated pupil, but with experience one can see the optic nerve
through an undilated pupil, though usually mono scopically

b. Provides excellent illumination, high magnification, and a sense of contour of the optic nerve
head
B. Indirect ophthalmoscopy
1. Head-mounted ophthalmoscope
a. +12, +20, +25, +28, or +30 diopter lens: +30 diopter lens gives the smallest
2. Considerations
a. Resulting view usually underestimates cupping and pallor as compared to slit-lamp

biomicroscopy

b. Magnification is often inadequate for detecting subtle or localized optic nerve head changes
C. Not recommended for routine evaluation of the optic nerve head
d. Useful when examining young children, uncooperative patients, high myopes and eyes with

significant media opacities

VI. List the complications of this procedure, their prevention and management

A. Transient photopsias/possible foveal burns with prolonged examination of the fovea

VII. Describe the considerations in interpretation for this diagnostic procedure

A. Evaluate the appearance of the optic cup and neuroretinal rim for signs of glaucoma
1. Generalized

a. Large optic cup
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b. Asymmetry of the cups in the presence of symmetrical disc diameters

C. Progressive thinning of the neuroretinal rim
2. Focal
a. Narrowing (notching) of the rim
b. Vertical elongation of the cup
C. Cupping to the rim margin
d. Regional thinning of the rim
e. Splinter hemorrhage
f. Nerve fiber layer loss
3. Less specific
a. Exposed lamina cribrosa
b. Nasal displacement of vessels
C. Baring of circumlinear vessels
d. Peripapillary crescent or atrophy

B. Remember that the image with a 90-, 78-, 66- or 60-diopter lens is upside down and backwards

VIIl. Describe appropriate patient instructions

A. The vision will be blurry and they may see an after image

B. Signs and symptoms of acute angle-closure glaucoma in those that might be predisposed after
pupil dilation should be discussed

C. Provide disposable sunglasses or request patient bring sunglasses or a driver if the patient is
dilated

Additional Resources
1. AAO, Basic and Clinical Science Course. Section 10: Glaucoma, 2013-2014.
2. AAO, Optic Nerve Disorders, 1996; 26-27.

3. AAO, Preferred Practice Pattern Guidelines, Primary Open-Angle Glaucoma. 2010.
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Optic nerve head and retinal nerve fiber

layer imaging

l. List the indications and contraindications

A.

Glaucoma

List the indications - documenting and quantifying the optic nerve and retinal nerve fiber layer
(RNFL) to allow qualitative and quantitative evaluations over time

1. Optic nerve

a.

Instruments to document the optic nerve

Optic nerve photos

Best taken stereoscopically
Document the nerve for baseline purposes
Can be quantified using special software

Unlike other methodologies, optic nerve photos are not subject to changing
technology

(i) Optic disc photos will always be interpretable while other scanning
devices may have new versions that are not comparable to existing data
sets

Confocal scanning laser ophthalmoscopy (HRT)

Quantifies the area and volume of the neuroretinal rim using a reference plane
50 microns below the temporal surface of the retina

Auto detects the disc boundary

The user needs to define the nerve boundary for the Moorefield regression
analysis

Compares rim status to a normative database

Tracks changes in rim status over time

Optical coherence tomography (OCT)

i)
i)

Quantifies the area and volume of the neuroretinal rim

The optic nerve head boundary is automatically defined by where the retinal
pigment epithelium ends

2. Retinal nerve fiber layer analysis (RNFL)

a.

Glaucoma causes thinning of the RNFL as early as 6 years before Humphrey visual field

loss

RNFL thickness determinations may help in the early diagnosis of glaucoma, which is
associated with RNFL thinning. RNFL thickness measurements and assist with monitoring
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disease progression, which is associated with progressive RNFL thinning
C. Areas of RNFL thinning can be correlated with visual field defects
d. Instruments to document the RNFL
i. Red-free (green) light or RNFL photography
i) provides qualitative documentation

ii) Clinically, the affected glaucomatous RNFL has a decreased light reflex and
will appear darker due to enhanced visualization of the retinal pigment
epithelium (RPE)

iii) Clinically, the affected glaucomatous RNFL has a decrease in the striated
texture of the RNFL, which becomes flatter or smoother in appearance

iv) Clinically, larger retinal blood vessels, which may normally be buried within the
RNFL, may be shown in relief as the RNFL thins and exposes these blood
vessels

ii. Scanning laser polarimetry (GDxVCC)

i) The GDx printout gives an "RNFL thickness" estimate that is proportional to the
true RNFL thickness

ii) GDx does not image the optic nerve head or give optic nerve head topography
iii. Confocal scanning laser ophthalmoscopy (HRT)
i) The HRT measures RNFL thickness indirectly

ii) The posterior boundary of the RNFL is defined by a reference line drawn 50
microns below the surface of the retina at a point temporal to the optic nerve
head, because the temporal area RNFL is thought to be last to change in
thickness

iii}) Relative changes in the RNFL thickness can theoretically be detected if the
retinal surface temporal to the optic nerve head does not change from scan to
scan

iv. Ocular Coherence Tomography (OCT)
i) OCT calculates RNFL thickness directly
ii) Some SD-OCT machines also evaluate the optic nerve head
iiil) Evaluates macular retinal thickness
(i) Macular thinning may sometimes be associated with glaucoma

(i)  Glaucoma preferentially affects the ganglion cells, and the macula is
defined anatomically as that region of the retina where the ganglion cell
layer is more than one cell thick

B. List the contraindications

1. Absolute

a. No view to the posterior pole
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b. Patient is physically unable to position self at machine

2. Relative
a. Poor image quality due to patient's inability to hold the eye still and focus on a target
b. Poor image quality due to media opacity

Il. Describe the pre-procedure evaluation

A.
B.

Ensure that the patient can understand and follow instructions

Enter patient demographics into the imaging machine because RNFL thickness values are
compared to age-matched normals as the RNFL normally thins with aging

Ensure that there are no physical limitations to performing the test
1. Seat the patient comfortably
2. Check the head and eyelid position

Dilation is not necessary but is recommended for stereoscopic optic nerve photos and some OCT
exams

The technician should ensure that the camera is centered on the optic nerve head or the patient
is focused on the appropriate target

lll. List alternatives to this procedure

A.

An eye examination with red-free (green) light or RNFL photography may detect glaucomatous
changes in the RNFL

1. Clinically, the affected glaucomatous RNFL has a decreased light reflex and will appear darker
due to enhanced visualization of the retinal pigment epithelium (RPE)

2. Clinically, the affected glaucomatous RNFL has a decrease in the striated texture of the RNFL,
which becomes flatter or smoother in appearance

3. Clinically, larger retinal blood vessels, which may normally be buried within the RNFL, may be
shown in relief as the RNFL thins and exposes these blood vessels

A different imaging platform
1. Heidelberg Retinal Tomography (HRT 2 or 3)
2. Optical Coherence Tomography (Time Domain or Spectral Domain OCT)

3. GDx with variable or enhanced corneal compensation

IV. Describe the instrumentation and technique

A.

Glaucoma

Optic nerve
1. Photography

a. Stereoscopic color photograph of the nerve
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b. Can be analog or digital

C. Non-mydriatic photography is possible, but the stereo quality is often sub-optimal so dilation
is encouraged

d. Images can be printed as slides, Polaroid or projected onto a computer screen digitally
2. Confocal scanning laser ophthalmoscopy (HRT)

a. Performs serial cross-sections through the optic nerve head

b. Two-dimensional scans are then reconstructed as a three dimensional topographic map

C. The user then defines the edge of the disc at the disc-retina junction

d. The HRT then determines as "rim" all tissue superficial to a reference plane 50 microns

below the retinal surface at the papillo-macular bundle and "cup" as tissue that is deep to
the reference plane

e. The amount of rim and cup within six sectors is then compared to a normative database
f. The patient does not have to be dilated
g. The spherical equivalent is dialed on the camera lens

h. The K readings are helpful

i. The patient needs to be able to fixate on a target

j. The machine will acquire three scans which are used to determine image quality
3. Ocular coherence tomography (TD-OCT)

a. This is composed of radial line scans centered over the optic nerve head

b. This analyzes the cup and disc areas which are divided by a reference line that is 150
microns above the retinal pigment epithelium

C. The borders of the optic nerve head are determined by where the RPE ends
B. Nerve fiber layer
1. GDx is based on scanning laser polarimetry (SLP)

a. Scanning laser polarimetry is possible, because the RNFL has an orderly arrangement of
axons and microtubules and, therefore, exhibits birefringence

b. Polarized light is directed into the eye

C. The GDx measures the amount of phase retardation of the polarized light as it travels
through the birefringent RNFL

d. Phase retardation is proportional to RNFL thickness
e. Intrinsic corneal and macular birefringence affects RNFL thickness calculations

i. The GDX-VCC has a built-in variable corneal compensator that automatically
subtracts the effect of the intrinsic corneal birefringence.

f. Each eye tested individually

2. OCT is based on optical coherence tomography
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C.

a. OCT is similar to ultrasound, however it uses a super luminescent diode (SLD) light instead
of sound

b. OCT creates images based on the different reflectivity and backscattering properties of
different structures in the eye

C. There are two versions available
i. Time Domain OCT (TD-OCT)
i) Yields an axial resolution of about 10 microns
ii. Spectral Domain OCT (SD-OCT)

i) Generates many more A-scans in a shorter period of time, further improving
axial resolution to about 5 microns

d. Each eye is tested individually
e. RNFL thickness scans

i. All OCT machines provide a RNFL thickness measurement along a circle
circumscribing the optic nerve

ii. Plotted against a normative database
HRT is based on confocal scanning laser ophthalmoscopy
a. HRT best measures surface topography.

b. The RNFL value given is the distance between the surface of the retina and a reference
plane, which is 50 microns below the surface of the retina temporal to the optic nerve head

Macular retinal thickness measurements (OCT)

1.
2.

This scan gives macular retinal thickness values compared to a normative database

Some SD-OCT machines can distinguish between outer and inner portions of the retina to provide
thickness measurements more reflective of the ganglion cell and NFL.

The scan is composed of six 6mm radial line scans centered over the macula

V. Describe the considerations in interpretation for this procedure

A.
B.

Glaucoma

Assess the patient and test reliability

Disc photos

1.

2.

Patient needs to be able to fixate
Stereo photos greatly help interpretation
a. Allows for better evaluation of neuroretinal rim thinning

b. Allows for better evaluation of optic nerve blood vessel changes, which can suggest
neuroretinal rim tissue loss

Disc hemorrhages can be detected and followed, which are not picked up well by any other
automated technique for disc imaging
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Glaucoma

HRT

GDx

Red free photos, now easily acquired with newer digital cameras, can be used to detect and follow
peripapillary RNFL loss

The standard deviation should be as low as possible. Ideally less than 20, but less than 40 is
probably acceptable

A very irregular cross-section on the height profile graphs can mean poor image quality
Make sure that the contour line is drawn correctly. Areas of peripapillary atrophy can be tricky

Review the regression analysis that flags regions of the neuroretinal rim that are outside the
normal database

Change can be monitored

a. Red or green pixels on the topography image (red means sinking away from the camera,
green means moving toward the camera) can indicate thinning or thickening

b. Differences in clinical parameters such as neuroretinal rim area and volume or cup shape
measure can be followed serially

The HRT measurements have not yet been proven to be better than a good clinical examination
with stereo disc photos

Quality factor should be 8 or better
Review the "double hump" RNFL thickness graph

a. The GDx RNFL layer thickness values correlate to the RNFL along a circle/ellipse around
the optic nerve head

b. The letters T, S, N, and | indicate the RNFL thickness values temporal, superior, nasal, and
inferior to the optic nerve head

C. The "double hump" pattern exists, because the superior and inferior RNFL normally are
thicker

d. The patient's RNFL thickness graph is drawn by a single, dark line

e. The patient's RNFL thickness line is plotted against a lighter-colored shaded area, which
indicates the range of RNFL thickness values for 95% of the age-matched normal
population

Review nerve fiber analysis values
a. Thickness values are given in microns

b. RNFL thickness values are given for areas superior and inferior to the optic nerve head
since these areas are usually first affected in early glaucoma

C. "The Number" or the nerve fiber indicator (NFI) is an experimental number from 1 to 100
indicating the likelihood that glaucoma is present. Patients scoring under 30 have a low
likelihood of having glaucoma and patients scoring above 70 have a high likelihood of
having glaucoma
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Glaucoma

Correlate test results with anatomy as areas of RNFL thinning by GDx should correspond to the
clinical exam and eventually to visual field loss

Compare with prior tests to assess for progressive glaucomatous RNFL thinning. More longitudinal
studies need to be done to assess what is considered "normal" RNFL thinning due to aging alone.

The GDx measurements have not yet been proven to be better than a good clinical examination
with stereo disc photos

Assess the image quality.
Signal strength grades are specific for each manufacturer and are provided by the company
Review the RNFL thickness graph

a. RNFL layer thickness values are given in microns and correspond to the RNFL along a
circle/ellipse centered around the optic nerve head

b. The letters T, S, N, and | indicate RNFL thickness values temporal, superior, nasal, and
inferior to the optic nerve head

C. The patient's RNFL thickness graph is drawn by a single line for each eye

d. In an eye with normal RNFL, the graph has "double-hump" pattern in the superior quadrant
and a single hump in the inferior quadrant indicating the quadrants with the thickest
measurements

e. The green shaded area of the RNFL thickness graph indicates RNFL thickness values
consistent with 95% of age-matched normals. The RNFL thickness values in the yellow
shaded area are consistent with 5% of age-matched normals. The red area is consistent
with 1% of age-matched normals

Review the optic nerve head scan

a. Optic nerve head topography can be assessed by some SD-OCT machines
b. Cup and disc ratios and areas can be assessed by some SD-OCT machines
Review the macular scan

a. Macular thinning is associated with glaucoma

b. The Ganglion Cell Complex (nerve fiber layer-ganglion cell layer-inner plexiform layer
thickness) includes the retinal layers that are affected more by glaucoma and can be
assessed by some SD-OCT machines

C. This may be used if there are no other pathologies that affect the macula

Correlate test results with anatomy as optic disc changes and RNFL thinning should correspond to
the clinical exam and to visual field loss

Compare with the results with prior tests but there aren't longitudinal studies to assess what is
considered "normal" RNFL thinning due to aging alone

OCT measurements have not yet been proven to be better than a good clinical exam with stereo
disc photos
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VI. Describe the follow up care

A.
B.

Regular exams are needed to monitor for change in the optic nerve appearance

Be wary about making clinical decisions based on optic nerve imaging alone, especially if the
imaging does not correlate with the clinical examination and visual field test.

Additional Resources

Glaucoma

1.
2.

10.

11.

12.

AAO. Basic and Clinical Science Course. 2013-2014; Section 10: Glaucoma.

Kamal DS, Viswanathan AC, Garway-Heath DF, et al. Detection of optic disc change with the
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converting to early glaucoma. Br J Ophthalmol 1999;83:290-4.
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[Epub ahead of print]
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[Epub ahead of print]
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(SD-OCT) macular scans. Br J Ophthalmol. 2012 Aug 22. [Epub ahead of print]

Lee M, Yang H, Kim J, Ahn, J. Comparison of Event-Based Methods Using Optical Coherence
Tomography and Automated Perimetry to Detect the Progression of Glaucoma in Patients with
Open-Angle Glaucoma. Ophthalmologica. 2012 Jul 27. [Epub ahead of print]

Wang M, Lu AT, Varma R, Schuman JS, Greenfield DS, Huang D; Advanced Imaging for
Glaucoma Study Group. Combining Information From 3 Anatomic Regions in the Diagnosis of
Glaucoma With Time-Domain Optical Coherence Tomography. J Glaucoma. 2012 Jul 23. [Epub
ahead of print]

Leung CK, Yu M, Weinreb RN, Lai G, Xu G, Lam DS. Retinal Nerve Fiber Layer Imaging with
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13.

14.

15.

16.

17.

Spectral-domain Optical Coherence Tomography: Patterns of Retinal Nerve Fiber Layer
Progression. Ophthalmology. 2012 Sep;119(9):1858-66. Epub 2012 Jun 5.

Arintawati P, Sone T, Akita T, Tanaka J, Kiuchi Y. The Applicability of Ganglion Cell Complex
Parameters Determined From SD-OCT Images to Detect Glaucomatous Eyes. J Glaucoma. 2012
Jun 4. [Epub ahead of print]

Nilforushan N, Nassiri N, Moghimi S, Law SK, Giaconi J, Coleman AL, Caprioli J, Nouri-Mahdavi
K. Structure-function relationships between spectral-domain OCT and standard achromatic
perimetry. Invest Ophthalmol Vis Sci. 2012 May 9;53(6):2740-8.

Moreno PA, Konno B, Lima VC, Castro DP, Castro LC, Leite MT, Pacheco MA, Lee JM, Prata TS.
Spectral-domain optical coherence tomography for early glaucoma assessment: analysis of
macular ganglion cell complex versus peripapillary retinal nerve fiber layer. Can J Ophthalmol.
2011 Dec;46(6):543-7.

Kernstock C, Dietzsch J, Januschowski K, Schiefer U, Fischer MD. Optical coherence tomography
shows progressive local nerve fiber loss after disc hemorrhages in glaucoma patients. Graefes
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Strouthidis NG, Gardiner SK, Owen VM, Zuniga C, Garway-Heath DF. Predicting progression to
glaucoma in ocular hypertensive patients. J Glaucoma. 2010 Jun-Jul;19(5):304
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Standard automated static perimetry

l. List indications/contraindications

A.

Diagnosis of disease

1. Suspected diagnosis of glaucoma (suspicious disc, ocular hypertension)
2. Neurologic vision loss

3. Subijective visual field loss

4. Macular/retinal disease

5. Detection of malingerers

Monitoring of disease process
1. Interval follow-up of suspected or established visual field loss
Disability determination

Testing for motor vehicle license

Il. Describe the pre-procedure evaluation

A.

B
C.
D

Ensure patient can understand and follow instructions
Assess for refractive error

Note pupil size

Ensure there are no physical limitations to performing test
1. Seat patient comfortably

2. Check head and eyelid position

Input appropriate demographic information

lll. List the alternatives to this procedure

mmoow»

Confrontation visual fields

Amsler grid (only tests central visual field)
Kinetic Goldmann perimetry

Tangent screen

Frequency doubling technology

Macular perimetry

IV. Describe the instrumentation and technique

Glaucoma
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Glaucoma

Bowl perimeter

1. Threshold: stimulus intensity at which a patient responds 50% of the time
2. Tests differential light sensitivity of specific points in VF to determine threshold values
3. Checks for localized and diffuse VF loss

Each eye tested individually

Stimulus size

1. Goldmann size Ill (4 mm?) stimulus
a. Used in majority of tests
2. Goldmann size V (64 mm?) stimulus
a. Used in advanced cases where size Il not visualized in order to define less sensitive areas
of field
b. Used with poor visual acuity

Stimuli presented 6-degrees apart in central 30-degrees of field or 2-degrees apart in central
10-degrees of field

Bracketing/staircase technique used to determine threshold at each point

Fixation losses, false positive (patient makes a response when no stimulus is present) and false
negative responses (patient does not respond to brighter stimulus at a previously tested
location) monitored to assess patient reliability

Perimetrist should note patient performance on print-out (e.g., good, fair, poor fixation; sleepy,
agitated, inattentive)

White-on-white threshold perimetry

1. Standard program used for baseline and follow-up examinations

2. Humphrey Swedish Interactive Testing Algorithm (SITA) and Octopus Dynamic algorithms
a. Results comparable to older threshold algorithms with shorter test times
b. SITA testing takes less time and is more reliable

Short-wavelength automated perimetry/SITA SWAP available

1. Also called blue-on-yellow perimetry

2. Uses a yellow background and blue size V stimulus

3. Tests a smaller subpopulation of ganglion cells than white-on-white perimetry

4. May detect field loss 3-5 years sooner than white-on-white threshold perimetry

5. Useful in primary open angle glaucoma suspects who have not yet manifested field loss on
standard testing

6. Useful for confirming field loss in areas of fluctuation in white-on-white perimetry

7. The standard test takes longer than white-on-white perimetry and has more limitations with

cataracts/media opacities. The SITA SWAP algorithm reduces test time
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V. Describe the considerations in interpretation for this diagnostic procedure

A.

D.

Glaucoma

Assess patient reliability

1.

Computer monitors false positive responses, false negative responses and fixation losses

Review threshold values, global indices, total and pattern deviation plots

Correlate test results with anatomy

1.

2.
3.

Patterns of glaucomatous field loss (scotoma = area of relative or absolute loss of retinal
sensitivity)

Paracentral scotoma

i. Occurs within 10 degrees of fixation

ii. Results from loss of nerve fibers on the temporal aspect of the disc
Arcuate / Bjerrum scotoma

i. Occurs in an arc-like pattern10-20 degrees from fixation

ii. A complete arcuate scotoma arches from the blind spot and ends at nasal raphe, and
is wider and closer to fixation on the nasal side

iii. Results from loss of nerve fiber bundles from the superotemporal or inferotemporal
disc

Nasal step

i. Relative depression of the nasal region of one horizontal hemifield as compared to
the other

ii. Results from loss of nerve fibers at the superior or inferior pole of the disc
Altitudinal defect
i. Near complete loss of superior or inferior hemifield

ii. Results from advanced loss of neurons of the inferotemporal and inferior pole of disc
if there is a superior field defect, or corresponding loss of superior disc rim if inferior
field defect is present

Temporal wedge

i. Wedge-shaped area of loss in temporal field with its apex at the blind spot
. Results from localized loss on the nasal side of the disc

Generalized depression

i. Total deviation plot shows depression of entire field compared to age-matched
controls without corresponding focal defects on the pattern deviation plot

ii. May occur with glaucoma but more common with media opacities (e.g., cataract)

Optic disc and retina appearance should correspond to visual field

Be aware of neurological defects that could mimic glaucomatous field loss

Rule-out artifactual field loss
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Lens rim artifact

Incorrect refractive correction used for test

Cloverleaf field from high false negative responses

Posterior staphyloma (uncorrected refractive error)

Ptosis

Miosis

E. Compare to prior tests

1.

5.

Establish good baseline with 2-3 fields

a.

b.

Takes into account learning effect

Establishes presence of scotomas and fluctuation level of patient's responses

Guidelines for determining progression

i. Reproducible changes in the visual field consisting of:
ii. Deepening of an existing scotoma
iii. Enlargement of an existing scotoma

iv. Development of a new scotoma

Humphrey STATPAC?2, SITA and Octopus Delta software contain change analysis programs

a.

First two fields performed by a patient are used as baseline for comparison of subsequent
fields

Various algorithms used in multi-center clinical trials to assess change (Advanced Glaucoma
Intervention Study, Collaborative Initial Glaucoma Treatment Study, Ocular Hypertension
Treatment Study, Collaborative Normal Tension Glaucoma Study, Early Manifest Glaucoma Trial)

Important to repeat test to confirm progression

F. Alternative testing for patients with unreliable responses or who have insufficient visual acuity
for standard automated perimetry

1.

Glaucoma

Goldmann kinetic perimetry

a.

Manual perimetric technique that uses a test object of a given size and intensity, and moves
it from a non-seeing area in the peripheral field inward to a seeing area

The test object is moved inward along several meridians toward fixation

Point where object is first seen is plotted which effectively outlines an oval on the hill of
vision

This technique outlines the boundaries of the hill of vision at a given height and defines
isopters

i. Isopter = horizontal slice through the hill of vision
i) Area inside isopter should have sensitivity greater than the boundary

i) Scotoma = area within isopter of less than expected sensitivity
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e. Disadvantages

i. Although easier test for patient than automated perimetry, results not as reproducible
(due to it being a technician administered rather than a computer administered test)

ii. Difficult to detect subtle changes important for following visual fields

iii. Difficult to quantify change in the field

Additional Resources

1. AAO, Basic and Clinical Science Course. Section 10: Glaucoma, 2013-2014.
AAO, Focal Points: A Primer on Automated Perimetry, Module #8, 1993.
AAO, Focal Points: Glaucoma and Automated Perimetry, Module #9, 1993.

AAOQO, Focal Points: Advances to Automated Perimetry, Module #10, 2002.
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AAO, Ophthalmic Technology Assessment Committee, Glaucoma Panel: Automated Perimetry,
Ophthalmic Technology Assessment, Ophthalmology 2002;109:2362-74.

6. Leeprechanon N, Giangiacomo A, Fontana H, et al. Frequency-doubling perimetry: comparison
with standard automated perimetry to detect glaucoma. Am J Ophthalmol 2007;143:263-271.

7. Jampel HD, Singh K, Lin SC, Chen TC, Francis BA, Hodapp E, Samples JR, Smith SD.
Assessment of visual function in glaucoma: a report by the American Academy of Ophthalmology.
Ophthalmology. 2011;118:986-1002.
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Corneal pachymetry

l. List the indications/contraindications

A.

Indications

1. Measurement of central corneal thickness (CCT)

2. Known diagnosis of glaucoma

3. Primary open-angle glaucoma (POAG) suspect and/or ocular hypertension

4, Prior to and after laser in situ keratomileusis (LASIK)/refractive surgery procedures

Contraindications
1. Corneal abrasions

2. Corneal infections

Il. Describe the pre-procedure evaluation

A.

B
C.
D

No prior corneal manipulation (e.g., gonioscopy)
Adequate tear film (e.g., encourage blinking)
Probe perpendicular to pupil

Comfortably seated patient

lll. Describe the instrumentation and technique

mmoow»

Ultrasound pachymeter (gold standard)
Partial coherence interferometry
Slit-scan imaging

Optical coherence tomography

Optical low-coherence reflectometry

Scheimpflug imaging

IV. List the complications of this procedure, their prevention and management

A.
B.

Corneal abrasion

Corneal infection

V. Describe the considerations in interpretation for this diagnostic procedure

A.

Glaucoma

Confirm that pachymetry reading taken from central cornea
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Consistent pachymetry values (at least 3 measurement values)

Intraocular pressure (IOP) should not be adjusted based on pachymetry readings. In eyes with
little or no corneal edema, thinner corneas underestimate IOP while thicker corneas overestimate
IOP

In eyes with significant corneal edema, thicker corneas may underestimate IOP
Ocular Hypertension Treatment Study

1. Thinner corneas are a predictive risk factor for development of glaucoma in ocular hypertensive
patients, independent of the potential effect of a thinner CCT to underestimate "true" IOP

2. This finding suggests that a thinner CCT may be a possible marker for genetic susceptibility for
optic nerve damage at any IOP

Reanalysis of target IOP (based on CCT reading)
Goldmann applanation tonometry measurements may be more affected by CCT

Alternative methods (e.g. Tono-Pen, pneumatonometer, dynamic contour tonometer, ocular
response analyzer) may be less affected by CCT

Glaucoma patients with thinner CCT are more likely to be found among those with advanced
stage of disease, normal-tension glaucoma, and black African ancestry

VI. Describe the follow up care

A.

Baseline reading and possible remeasurement of CCT over time

VIl. Describe appropriate patient instructions

A.

Explanation of how CCT could alter course of glaucoma treatment

Additional Resources

Glaucoma

1. AAOQ, Basic Clinical and Science Course, Section 10, Glaucoma, 2013-2014.

2. Shah S, Chatterjee A, Mathai M, et al. Relationship between corneal thickness and measured
intraocular pressure in a general ophthalmology clinic. Ophthalmology 1999;106:2154-60.

3. Whitacre MM, Stein RA, Hassanein K. The effect of corneal thickness on applanation tonometry.
Am J Ophthalmol 1993;115:592-6.

4, Brandt JD, Beiser JA, Kass MA, Gordon MO. Central corneal thickness in the Ocular Hypertension
Treatment Study (OHTS). Ophthalmology. 2001;108:1779-88.

5. Herndon LW, Weizer JS, Stinnett SS. Central corneal thickness as a risk factor for advanced
glaucoma damage. Arch Ophthalmol. 2004 Jan;122(1):17-21.

6. Shih CY, Graff Zivin JS, Trokel SL, Tsai JC. Clinical significance of central corneal thickness in the
management of glaucoma. Arch Ophthalmol. 2004 Sep;122(9):1270-5.

7. AAO, Preferred Practice Patterns Committee, Glaucoma Panel Primary Open Angle Glaucoma
Preferred Practice Pattern, 2010.
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Glaucoma

10.

11.

12.

13.

14.

15.

16.

17.

Doughty MJ, Zaman ML. Human corneal thickness and its impact on intraocular pressure
measures: a review and meta-analysis approach. Surv Ophthalmol 2000:44: 367-408.

Kaufmann C, Bachmann LM, Thiel MA. Intraocular pressure measurements using dynamic
contour tonometry after laser in situ keratomileusis. Invest Ophthalmol Vis Sci 2003; 44: 3790-4.

Kniestedt C, Lin S, Choe J, et al. Correlation between intraocular pressure, central corneal
thickness, stage of glaucoma, and demographic patient data: prospective analysis of biophysical
parameters in tertiary glaucoma practice populations. J Glaucoma 2006; 15: 91-7.

Dueker DK, Singh K, Lin SC, et al. Corneal thickness measurement in the management of primary
open-angle glaucoma. Ophthalmology. 2007;114: 1779-1787.

Pfeiffer N, Torri V, Miglior S, and the European Glaucoma Prevention Study Group. Central corneal
thickness in the European Glaucoma Prevention Study. Ophthalmology 2007;114:454-9.

Martinez-de-la-Casa JM, Garcia-Feijoo J, Vico E, et al. Effect of corneal thickness on dynamic
contour, rebound, and goldmann tonometry. Ophthalmology 2006;113:2156-62.

Weizer JS, Stinnett SS, Herndon LW. Longitudinal changes in central corneal thickness and their
relation to glaucoma status: an 8 year follow up study. Br J Ophthalmol 2006;90:732-6.

Chen S, Huang J, Wen D, et al. Measurement of central corneal thickness by high-resolution
Scheimpflug imaging, Fourier-domain optical coherence tomography and ultrasound pachymetry.
Acta Ophthalmologica 2010 June 18.

Lopez-Miguel A, Correa-Perez ME, Miranda-Anta S, et al. Comparison of central corneal thickness
using optical low-coherence reflectometry and spectral-domain optical coherence tomography. J
Cataract Refract Surg 2012;38:758-64.

Ouyang PB, Li CY, Zhu XH, et al. Assessment of intraocular pressure measured by Reichert
Ocular Response Analyzer, Goldmann Applanation Tonometry, and Dynamic Contour Tonometry
in healthy individuals. Int J Ophthalmol 2012;5:102-7.
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Primary open-angle glaucoma

I. Describe the approach to establishing the diagnosis

A. Describe the etiology of the disease

1. Intraocular pressure (IOP) which is too high for an individual optic nerve is currently the principal
modifiable risk factor

2. Theories of glaucomatous damage
a. Mechanical

i. Stresses importance of direct compression of optic nerve fibers against collagenous
laminar beams of the lamina cribrosa with interruption of axoplasmic transport

b. Vascular theory
i. Stresses the possible effects of IOP on the blood supply to the nerve
C. Autoregulation

i. A disturbance in the optic nerve vessel's ability to maintain vascular tone, thereby
preventing constant blood flow to the nerve

ii. Possibly independent of IOP
d. Other theories currently being investigated leading to ganglion cell death

i. Excitotoxicity, apoptosis, neurotrophin deprivation, molecular biologic abnormalities,
autoimmunity

B. Define the relevant aspects of epidemiology of the disease
1. Significant public health problem

a. Estimated that 3 million Americans have glaucoma (approximately 50% do not know they
have the disease)

b. Prevalence in whites > 40 years old estimated at 1.7%
C. Prevalence in African-Americans 3 times higher

d. Prevalence in Hispanics > 40 years old 2.0 - 4.7%

e. Prevalence increases with age

i. 5-6 times higher prevalence in 70's compared to 40's
f. Over 120,000 bilaterally blind in the US
g. Most frequent cause of blindness in Hispanic and African-Americans
C. List the pertinent elements of the history
1. Age and sex

2. Race
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Symptoms

a. Usually asymptomatic until late in disease
Family history

Cardiovascular disease, diabetes

Refractive state

Medications

Rule out secondary causes (i.e., corticosteroids)

Previous eye injury and surgery

D. Describe pertinent clinical features

1.

A w0 DN

o

Glaucoma

Usually insidious onset

Slowly progressive visual loss without symptoms
Painless

Usually bilateral, can be asymmetric

Central acuity usually unaffected until late in the disease

Elevated IOP

a. Can be intermittent (diurnal fluctuation)

b. 30-50% have IOP measurement < 21 mmHg on single reading
C. Subset who never have high IOP (normal-tension glaucoma)

Open and normal angle by gonioscopy

Optic disc appearance

a. Asymmetry of the neuroretinal rim area or cupping

b. Focal thinning or notching of the neuroretinal rim

C. Optic disc hemorrhage

d. Any acquired change in the disc rim area or the surrounding retinal nerve fiber layer

e. Large optic disc, large cup/disc ratio, peripapillary atrophy

Visual fields

a. Defects can precede visible optic nerve damage in up to 20% of patients

b. Visual field defects may not be detectable by standard perimetry until a significant number

of nerve fibers are damaged
C. Typical glaucoma defects
i. Paracentral scotoma
ii. Arcuate or Bjerrum scotoma

iii. Nasal step
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E.

iv. Altitudinal defect
V. Temporal wedge

vi. Central island in far advanced cases

Describe appropriate laboratory/diagnostic testing for establishing the diagnosis

1.

Clinical perimetry

a. Automated static (most useful for glaucoma diagnosis)
b. Manual kinetic and static

Measurement of corneal pachymetry

Optic nerve photography or detailed drawing and description (as per the POAG Preferred Practice
Patterns)

a. Stereo photography particularly useful

Optic nerve head and nerve fiber layer imaging systems

a. Confocal scanning laser ophthalmoscopy
b. Optical coherence tomography
C. Scanning laser polarimetry

II. Define the risk factors

A.

Glaucoma

Strongest evidence

1.

A oD

5.
6.

Older age
Race (3 times higher prevalence in African-Americans, and higher prevalence for Hispanics)
Elevated IOP
Positive family history
a. High prevalence for siblings and offspring of patients with glaucoma
i. Baltimore Eye Survey (3.7 fold higher if siblings have glaucoma)
b. Genetic studies successful in localizing genes associated glaucoma
i. Myocilin; (3%-5% of POAG)
Decreased central corneal thickness

Decreased ocular perfusion pressure (OPP)

Weaker evidence

1.

A oD

Diabetes mellitus
Myopia
Migraine (for NTG)

Low diastolic perfusion pressure
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lll. List the differential diagnosis

A. Congenital

1. Large optic nerve head with physiologic cupping
2. Congenital disc anomalies

Optic nerve coloboma

Congenital optic nerve pit

Tilted disc syndrome/myopic disc

Anterior ischemic optic neuropathy

Compressive optic nerve lesions

®© Mmoo w

Other glaucomas
1. Secondary open-angle types

2. Angle-closure types

IV. Describe patient management in terms of treatment and follow-up

A. Describe medical therapy options

1. Adrenergic agonists (sympathomimetics)
2. Beta-adrenergic antagonists

3. Carbonic anhydrase inhibitors

4. Parasympathomimetic agents

5. Prostaglandin analogues
B. Describe surgical therapy options
1. Laser trabeculoplasty
Trabeculectomy (with or without antimetabolites)
Non-penetrating filtration procedures
Angle surgery

Glaucoma drainage implants

o a & w b

Ciliary body ablation

V. List the complications of treatment, their prevention and management

A. Side effects of medications

1. Local
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2.

Systemic

Side effects of laser trabeculoplasty

Side effects of incisional glaucoma surgery

Side effects of ciliary body ablation techniques

VI. Describe disease-related complications

A.
B.

Limitations due to visual field loss

End stage glaucoma and blindness

VIl. Describe appropriate patient instructions

A.

Discussion of medications and surgical treatments

1.
2.

Options, side effects, risk-benefit ratios

Instructions relating to compliance

a. Appropriate drop timing

b. Nasolacrimal occlusion, passive lid closure

C. Prevention of washout effect by spacing drop therapy

Free glaucoma medications are available for those who cannot afford it. (further information at
http://www.eyecareamerica.org/eyecare/)

Discussion regarding quality of life issues

1.

Support groups, career issues, financial issues regarding treatment

Advise patient that family members are at greater risk of having glaucoma and that they should
seek examination by an ophthalmologist

Additional Resources

Glaucoma

1.
2.

AAO, Basic and Clinical Science Course. Section 10: Glaucoma, 2013-2014.
Ritch R, Shields MB, Krupin T, eds. The Glaucomas. 2nd ed. St Louis: Mosby; 1996.

Allingham RR, ed. Shields Textbook of Glaucoma 6" ed. Philadelphia:Lippincott Williams &
Wilkins; 2011.

Sommer A, Tielsch J, Katz J, et al. Racial differences in the cause-specific prevalence of blindness
in East Baltimore. N Eng J Med 1991;325:1412-17.

Tielsch JM, Sommer A, Katz J, et al. Racial variations in the prevalence of primary open-angle
glaucoma. The Baltimore Eye Survey. JAMA 1991;266:369-74.

Sommer A, Tielsch JM, Katz J, et al. Relationship between intraocular pressure and primary open
angle glaucoma among white and black Americans. The Baltimore Eye Survey. Arch Ophthalmol
1991;109:1090-5.
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7. Collaborative Normal-Tension Study Group. Comparison of glaucomatous progression between
untreated patients with normal-tension glaucoma and patients with therapeutically reduced
intraocular pressures. Am J Ophthalmol. 1998;126:487-97.

8. Collaborative Normal-Tension Glaucoma Study Group. The effectiveness of intraocular pressure
reduction in the treatment of normal-tension glaucoma. Am J Ophthalmol 1998;126:498-505.

9. Gordon MO, Beiser JA, Brandt JD, et al. The Ocular Hypertension Treatment Study; baseline
factors that predict the onset of primary open-angle glaucoma. Arch Ophthalmol 2002;
120:714-20.

10. Leske MC, Heijl A, Hussein M, et al; Early Manifest Glaucoma Trial Group. Factors for glaucoma
progression and the effect of treatment: the early manifest glaucoma trial. Arch Ophthalmol
2003;12:1:48-56.

11.  Heijl A, Leske MC, Bengtsson B, et al. Reduction of intraocular pressure and glaucoma
progression: results from the Early Manifest Glaucoma Trial. Arch Ophthalmol 2002;120:1268-79.

12. Kass MA, Heuer DK, Higginbotham EJ, et al. The Ocular Hypertension Treatment Study: a
randomized trial determines that topical ocular hypotensive medication delays or prevents the
onset of primary open-angle glaucoma. Arch Ophthalmol 2002; 120:701-13.

13. The AGIS Investigators. The Advanced Glaucoma Intervention Study (AGIS). 7. The relationship
between control of intraocular pressure and visual field deterioration. Am J Ophthalmol 2000;
130:429-40

14. Tielsch JM, Katz J, Sommer A, et al. Family history and risk of primary open angle glaucoma. The
Baltimore Eye Survey. Arch Ophthalmol 1994; 112:69-73.

15. Shah S, Chatterjee A, Mathai M, et al. Relationship between corneal thickness and measured
intraocular pressure in a general ophthalmology clinic. Ophthalmology 1999;106:2154-60.

16. Whitacre MM, S