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TARGET AUDIENCE This educational activity is intended 
for ophthalmologists and ophthalmologists in residency or 
fellowship training.

LEARNING OBJECTIVES Upon completion of this activity, 
participants will be able to:
1. combine structural and functional assessments to 

evaluate glaucoma progression.
2. Optimize frequency of optic nerve and visual fi eld 

evaluations to monitor the status of glaucoma.
3. cite anticipated changes in glaucoma management in 

the next 5 to 10 years. 
4. discuss the potential for nerve regeneration as a 

treatment for glaucoma.
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evaluating Glaucoma Progression
Yao Liu, MD

in glaucoma, the variable rate 
of disease progression directly 
impacts treatment decisions and the 
recommended frequency of clinical 
follow-up for individual patients. 

Glaucoma is a chronic, progressive 
neuropathy that causes damage to the 
optic nerve and retinal ganglion cells. 
Even with treatment, the disease can 
worsen in many cases, albeit often 
slowly and over long periods of time. 
Continued assessment for progression 
is a fundamental component of glau-
coma care. Since progression rates are 
highly variable, determining the rate 
of progression can help in optimizing 
therapy for individual patients.1,2 Along 
with intraocular pressure (IOP) and glau-
coma severity, the rate of progression 
can help answer critical questions such 
as: How aggressively should we treat? 
Which therapy is best? Should surgery 
be considered sooner rather than later? 

Th e term “progression” can refer to 
detectable changes at two distinct levels: 
structural and functional. Changes at 
both levels result from loss of retinal 
ganglion cells, although structural 

damage usually precedes detectable 
loss of visual function. Visual fi elds can 
be completely normal until the loss of 
retinal ganglion cells exceeds 25 to 35%.3 
A patient is said to have “pre-perimetric 
glaucoma” when there is clear evidence 
of progressive structural damage to the 
optic nerve (eg, a progressive notch 
formed in the neuroretinal rim or en-
largement of the cup-to-disc ratio over 
time) but no detectable functional visual 
loss. As the number of retinal ganglion 
cells decreases, however, a glaucoma 
patient will develop characteristic vi-
sual field defects and advance from 
pre-perimetric to “manifest” glaucoma. 

visual Field proGression
Visual field testing—which mea-

sures subjective light sensitivity at vari-
ous points across the fi eld of vision—is 
the primary method for assessing visual 
function in glaucoma patients and is es-
sential for diagnosing progression. Early 
glaucomatous visual fi eld defects are 
usually localized in typical patterns seen 
in standard automated perimetry, in-
cluding paracentral scotoma, nasal step, 
superior arcuate defect, and temporal 
wedge.4 As glaucoma progresses, such 
localized defects may enlarge or deepen. 

And, in time, new localized defects may 
appear or there can be an expansion of 
localized defects into more generalized 
or diff use depression of the visual fi eld.

Emerging visual fi eld defects can 
be identifi ed using cluster analysis—
wherein a cluster of three contiguous 
points depressed by more than –5 or 
–6 dB is considered to be evidence of 
true glaucomatous loss.5 In addition, 
worsening of existing fi eld defects can 
be determined based on one of many 
numerical criteria developed for clinical 
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SEE INSIDE FOR:
The Future of Glaucoma Treatment 
by Keith Martin, MD

FiGure 1 an optic nerve photograph 
demonstrating an inferior notch and disc 
hemorrhage in the left eye.
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STATEMENT OF NEED
Glaucoma, a group of ocular diseases characterized by progres-
sive damage to the optic nerve, is the second leading cause of 
blindness worldwide, affecting a significant and growing portion 
of the US population.1,2

Much remains to be understood about the pathophysiology of 
glaucoma, but high intraocular pressure (IOP) has been identified 
as a key risk factor for progression. Medical and surgical therapies 
for the disease are primarily directed at reducing IOP.

Recent years have seen significant innovation in the treatment 
of glaucoma, including gentler and more effective topical 
drugs, less invasive surgical techniques, and new molecules 
and mechanisms of action. As pharmaceutical and surgical 
treatments for glaucoma rapidly advance—and as research 
continues to provide insights about the disease’s neurologic 
underpinnings—comprehensive ophthalmologists are chal-
lenged to remain up-to-date.

To give their glaucoma patients the full benefit of treatment 
advances, clinicians require clear, actionable insights from 
subspecialists and researchers. Topics in Glaucoma will present 
current research in the context of comprehensive care, providing 
non-specialists with clearly presented, evidence-based clinical 
judgments from experts in the field.
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trials. The Humphrey Field Analyzer 
offers a statistical program known as 
Guided Progression Analysis (GPA) 
for identifying progression, which is 
the most commonly-used visual field 
analysis software in clinical practice and 
requires at least five tests to detect pro-
gression. Based on the criteria used in 
the Early Manifest Glaucoma Trial, the 
software analyzes differences between 
the results of two baseline fields and 
more recent fields to determine progres-
sion.6 Other criteria, such as those used 
in the Advanced Glaucoma Intervention 
Study or the Collaborative Normal Ten-
sion Glaucoma Study, are more complex 
and not as widely-used clinically.7,8

The global indices on the visual 
field test—the mean deviation and the 
pattern standard deviation—are also 
helpful in tracking field loss. An overall 
value for the total amount of visual field 
loss, the mean deviation value, tends to 

become more negative as glaucoma pro-
gresses. The pattern standard deviation, 
on the other hand, measures the differ-
ence between a patient’s most sensitive 
and least sensitive parts of visual field. 
It increases initially when visual field 
loss is relatively localized and starts to 
decline as visual field loss becomes more 
diffuse. In early glaucoma, the mean de-
viation may be relatively normal with a 
gradual increase in the pattern standard 
deviation, while in advanced glaucoma 
with diffuse visual field loss there is 
often a highly negative mean deviation 
and a low pattern standard deviation. 

addiTional FuncTion TesTs
In addition to perimetry, visual 

acuity measurement is an important 
component of visual function assess-
ment. Changes in color vision and 
contrast sensitivity can also be mea-
sured, but there are no commonly-used 

clinical criteria for detecting glaucoma 
progression based on such data. Other 
objective visual function tests, such as 
multifocal visual evoked potentials and 
electroretinograms (ERGs), have been 
used in research but are also not widely 
used in the clinic.

In cases of highly advanced or 
end-stage glaucoma where evaluating 
progression based on visual field testing 
or even acuity is no longer possible due 
to severe vision loss, subjective changes 
in visual function can be particularly 
useful. For these patients, spending 
additional time during the clinic visit 
to discuss subjective changes in visual 
function, such as increased difficulty 
with daily activities, may help deter-
mine whether or not to escalate therapy.

  
proGressive sTrucTural 
chanGes

Structural loss characteristic of 
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thinning of the inferior rim develops 
corresponding changes in the superior 
visual field, one can be quite confident 
of disease progression (Figure 1). 

Depending on the severity of the 
disease, structural and functional tests 
also play different roles in monitoring 
damage. Since RNFL thinning precedes 
visual field loss, the SD-OCT is more 
sensitive and helpful in early disease, es-
pecially prior to the onset of visual field 
defects (ie, in pre-perimetric glaucoma). 
As glaucoma progresses and patients 
develop substantial RNFL loss, visual 
field tests become increasingly valuable 
relative to OCT measurements.11

It is important to escalate treatment 
in patients who demonstrate significant 
progression either structurally or func-
tionally. As long as there is convincing 
evidence for progressive structural 

the corresponding region.9 Thus, clinical 
evaluation of the optic nerve remains an 
important aspect of every patient visit.

Imaging technologies—including 
spectral-domain optical coherence 
tomography (SD-OCT), confocal scan-
ning laser ophthalmoscopy, and scan-
ning laser polarimetry—have allowed 
us to detect and quantify the degree 
and rate of structural change in a more 
objective way. Among these three major 
structural imaging technologies, SD-
OCT has become the most commonly-
used because of its high resolution and 
relatively higher accuracy in detecting 
glaucoma.10 

SD-OCT is primarily used to mea-
sure RNFL thickness. Depending on the 
software, the device may be able to ana-
lyze the optic nerve head and ganglion 
cell complex based on predetermined 
parameters. In addition to the cup-
to-disc ratio, some SD-OCT software 
programs provide measurement of disc 
area, which can be particularly helpful 
in differentiating patients with physi-
ologic cupping. 

SD-OCT technology also has limita-
tions, including the limited extent of 
age- and ethnicity-specific normative 
databases, and its utility can be greatly 
reduced by the presence of ocular media 
opacities. In addition, OCT measure-
ments of RNFL thickness are affected 
by factors such as age and axial length, 
which should be taken into account when 
interpreting the results. Similar to visual 
field testing, there is some degree of test-
to-test fluctuation, and discriminating 
this measurement variability from true 
glaucomatous structural loss can be dif-
ficult. In order to determine whether a 
patient has truly progressed, measured 
changes must exceed certain thresh-
olds, which are unique to each device.

sTrucTure/FuncTion 
relaTionships 

While structural tests for glaucoma 
are objective, perimetry is a subjective 
test of visual function. In this sense, 
structural and functional measures 
are complementary to each other, and 
combining the two can improve detec-
tion of glaucoma progression. For ex-
ample, when a patient with progressive 

CORE CONCEPTS 
●	 Glaucoma can cause progressive 

structural damage to the optic 
nerve and functional visual 
loss despite treatment. careful 
monitoring of the optic nerve 
and visual fields for progression 
is highly important for glaucoma 
management. 

●	 There are considerable 
differences in individual rates 
of glaucoma progression. 
detecting and measuring the 
rate of progression is important 
for individualizing glaucoma 
treatment and determining the 
frequency of follow-up visits.

●	 determination of glaucoma 
progression should be based 
on multiple modalities of 
assessment, including clinical 
and photographic examination 
of the optic nerve as well as 
visual field and retinal nerve fiber 
layer ocT testing.

●	 reproducible evidence of 
progression can help confirm 
worsening glaucoma damage. 
structure and function 
correspondence provides strong 
evidence for disease progression 
in glaucoma. 

FiGure 1 example of corresponding structural and 
functional damage in glaucoma. a. an optic nerve 
photograph demonstrating an inferior notch and 
disc hemorrhage in the left eye. B. retinal nerve 
fiber layer ocT of the same left eye with evidence 
of abnormal inferior thinning. c. Humphrey visual 
field test of the same left eye with a corresponding 
superior paracentral visual field defect that 
developed and progressed over two years following 
the photograph taken in a.

glaucoma occurs in the form of optic 
nerve cupping and thinning of the 
retinal nerve fiber layer (RNFL). Clini-
cal and photographic evaluation of the 
optic disc is a very important method 
for evaluating progression of structural 
damage. In general, optic disc photo-
graphs are still considered the gold 
standard for determining glaucoma 
progression. New data suggests that 
disc hemorrhage is highly predictive of 
subsequent visual field progression in 

a

B

c
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changes, I will generally escalate therapy 
rather than wait for visual field defects 
to appear because patients with pre-
perimetric glaucoma can have signifi-
cant loss of retinal ganglion cells before 
visual field loss becomes “manifest.” 

moniTorinG proGression
Because rates of glaucomatous pro-

gression vary widely, it is important to 
individualize the frequency of follow-
up visits for patients with glaucoma. 
There are multiple relevant variables to 
consider, including the stability of the 
disease (ie, whether or not there is pro-
gression) and whether the IOP is at tar-
get. The intervals recommended for fol-
low-up visits vary within a wide range, 
from 1 month to 1 year (Table 1).12

In general, the initial clinical exami-
nations should be fairly frequent so that 
a baseline and track record of the rapidity 
of glaucoma progression versus stability 
can be established. One important factor 
to assess in new glaucoma cases is family 
history. Patients who have a first-degree 
family member with aggressive, early-
onset glaucoma that progressed rapidly 
and ultimately led to blindness require 
more frequent evaluation. The European 
Glaucoma Society recommends three 
visual field tests yearly for the first 2 
years after diagnosis so that significant 
progression can be differentiated from 
measurement variability and a rate of 
progression can be established.13,14 Visual 
field tests can then be performed less fre-
quently thereafter, once or twice yearly, 
once stability has been established.

To detect glaucoma progression 
effectively, it is important to utilize 
multiple tests for assessing structural 

or functional changes. Given the variety 
of methods currently available, clini-
cians today should avoid using a single 
modality for monitoring glaucoma pro-
gression. In addition, clinicians should 
also perform an optic nerve exam at 

each clinic visit to assess for disc hem-
orrhages and structural changes to the 
optic nerve. Besides IOP, the optic nerve 
appearance, the thickness of the RNFL, 
and visual fields are all important ele-
ments to assess when deciding whether 
or not a patient is progressing and 
how soon to schedule follow up visits. 
Furthermore, each test can be affected 
by fluctuating results, and progression 
should be reproducible and confirmed 
with repeat testing. 

 
FuTure direcTions

A number of new technologies are 
being developed to detect glaucomatous 
changes over time. Objective function 
tests such as multifocal visual evoked 
potentials and ERGs are not routinely 
used today but may become more help-
ful as they are further developed. Swept 
source OCT, a newer OCT technology, 
uses a longer wavelength to enable vi-
sualization of deeper structures of the 
optic nerve and surrounding tissue. 
Several groups are investigating whether 
there are structural elements in addition 
to the RNFL that can help assess glau-
coma progression. Also under develop-
ment are Doppler OCT systems, which 
aim to quantify retinal and optic nerve 
blood flow. In addition, larger norma-
tive databases that take into account 
extremes of age and axial length may 
be established to provide more relevant 

comparisons for individual patients.
Another exciting and emerging area 

of glaucoma research is in telemedi-
cine, or “teleglaucoma.” Researchers 
are developing technologies to allow 
patients to perform visual field testing 
at home and be remotely monitored for 
glaucoma progression. These methods 
could make visual field testing both 
more accessible and easier to perform. 
These methods, combined with home 
intraocular pressure monitoring and 
advances in mobile phone-based optic 
nerve imaging, may revolutionize our 
ability to monitor glaucoma patients 
for progression in the future.

Yao Liu, MD, is an assistant professor of ophthal-
mology at the University of Wisconsin School of 
Medicine and Public Health in Madison, WI. She 
states that in the past 12 months, she has not 
had a financial relationship with any commercial 
organization that produces, markets, resells, or dis-
tributes healthcare goods or services consumed by 
or used on patients. Medical writer Ying Guo, PhD, 
MBBS, assisted in the preparation of this article.
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TaBle 1 AAO Guidelines for Follow-up Glaucoma Status Evaluations*

Target iop
achieved

progression
of Damage

Duration of
control (months)

approximate Follow-up
interval (months)**

Yes No ≤ 6 6

Yes No > 6 12

Yes Yes N/A 1-2

No Yes N/A 1-2

No No N/A 3-6

IOP = intraocular pressure; N/A = not applicable
  * Evaluations consist of clinical examination, including optic nerve head assessment (with periodic color stereophotography 

or computerized imaging of the optic nerve and retinal nerve fiber layer structure and visual field assessment. 
** These intervals are the maximum recommended time between evaluations. Patients with more advanced damage or 

greater lifetime risk from POAG may require more frequent evaluations.
Source: Reference 12.
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The future of Glaucoma 
Treatment
Keith Martin, MD

The future of glaucoma 
management will be shaped by 
research spanning the eye, the 
brain, and the cells and signals that 
connect them.

Aggressive intraocular pressure 
(IOP)-lowering is the cornerstone of 
glaucoma treatment. I believe we can 
continue to refine that facet of glaucoma 
management and simultaneously ex-
pand our thinking to encompass many 
other potentially helpful tools and 
paradigms.

Bold new direcTions
There are at least five categorical 

challenges that I believe need to be 
addressed in glaucoma management 
today. First, there is a need for better 
ways to predict disease progression 
and vision loss. Currently, with some 
exceptions, glaucoma patients tend 
to be considered as a single broad cat-
egory and treated with similar levels of 
urgency. But if it were possible to iden-
tify those patients at risk for blindness 
before vision loss starts—whether by 
genetic, phenotypic, or biomarker as-
sessments—those individuals could be 
treated more aggressively, while sparing 
many others needless worry, effort, side 
effects, risk, and expense.

Second, we need better medical and 
surgical treatments for lowering intra-
ocular pressure (IOP). Conventional 
glaucoma surgery carries significant 
risks, and most currently available 
“micro-invasive” treatments do not ad-
equately lower IOP for patients needing 
the lowest target pressures. And they 
are often less reliable than we would like 
them to be. I believe the ophthalmology 
community should rise to Peng Khaw’s 
10/10/10 challenge: to develop surgical 
treatments that reduce IOP to 10 mm 
Hg, can be performed in 10 minutes, 
and last for at least 10 years.1

In addition to better surgical op-
tions, we need better IOP-lowering 
drugs so that patients are more in-
clined to adhere to therapy. Adherence 
remains a widespread problem, not so 
much because medication side effects 
are particularly severe or dosing particu-
larly tedious, but because patients ex-
perience no perceivable benefit against 
which to weigh the inconveniences, 
annoyances, and costs of taking drops 
for their glaucoma. 

A diagnosis of a silent disease like 
glaucoma drives patients instantly from 
their baseline quality of life (possibly 
quite good) to a life in which they need 
to take medication every day for the 
rest of their lives, with no guarantee 
that even if they are perfectly compli-
ant they won’t go blind. Being able to 
offer better tolerated treatments that 
fit easily into their routine, or that uti-
lize alternative, less demanding modes 
of delivery, would soften that blow 
for patients and very likely improve 
medication adherence and quality 
of life. Novel slow-release technolo-
gies (such as nanoparticles) as well as 
drug-impregnated optic inserts (eg, 
punctal plugs) are under evaluation for 
glaucoma medications and could reduce 
dosing frequency to something far more 
manageable.2-4  

Other more radical approaches may 
be worth considering for the long term. 
Gene transfer directed at the same 
pathways and mechanisms as our cur-
rent small-molecule therapeutics could, 
in theory, take the patient out of the 
drug delivery system. Similarly, stem 
cell replacement/renewal of trabecular 
meshwork cells lost to aging and glau-
coma might bring the trabecular mesh-
work back closer to normal function 
and lower IOP.

proTecTinG The opTic nerve
Third, we need to set our sights 

beyond IOP reduction and seek ways 
to protect against optic nerve damage. 

One study has indicated that more than 
1 in 10 patients with glaucoma and good 
access to state-of-the art IOP-lowering 
medication experiences blindness in 
one eye within 20 years of diagnosis.5 
While that is a great improvement over 
years past when there was no treatment, 
it is still too many; and it indicates that 
we need to do more than lower IOP. 
Gene therapy and stem cell implanta-
tion techniques hold great neuropro-
tective promise.6,7 Neural stem cells 
protect and promote their own growth 
by secreting inflammatory modulators 
and neurotrophic factors. They can even 
be genetically modified to hypersecrete 
neuroprotective molecules.7

As in other fields, the expense and 
time requirements for clinical trials con-
tinues to hamper progress in glaucoma 
research, so a fourth unmet need is 
more realistic clinical trial designs, with 
endpoints that are attainable within 
realistic time frames at lower costs. For 
example, smarter, forward-thinking 
trial design might involve pooling data 
we are already collecting via electronic 
medical records.8-10 If we don’t begin 

CORE CONCEPTS 
●	 major unmet needs in glaucoma: 

risk stratification; better, and 
better-tolerated, means to 
reduce iop; neuroprotection; 
nerve regeneration; and more 
practical clinical trial design.

●	 anticipated near term advances: 
slow-release iop lowering 
medication, implantable iop 
sensors, and creative, lower-cost 
clinical trial designs.

●	 stem cell research holds great 
promise for neuroprotection.

●	 animal models of sight-restoring 
neuronal axon regrowth exist; 
they remain impractical for 
humans but may point the way.

●	 continuous iop monitoring may 
enable more effective use of iop 
data.

●	 psychosocial support for patients 
will remain essential to their well-
being.
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to question the idea that every new 
therapeutic advance has to be proven in 
a conventionally designed randomized 
controlled trial, many good therapies 
with the potential to help thousands 
or millions of patients will likely never 
make it to the clinic.

Lastly—and this is one focus of my 
group’s current work—we need ways 
to regenerate the optic nerve. Current 
therapies are reasonably good at slowing 
disease progression; however no current 
treatment can restore vision once it is 
lost, which severely limits what we can 
do for patients.

opTic nerve reGeneraTion
Two of the most urgent questions 

facing glaucoma researchers are: Why 
doesn’t the optic nerve regenerate? And 
can we encourage it to do so?11 We know 
from past research that losing a small 
number of ganglion cells can result in 
significant vision loss in later stages 
of glaucoma. That sounds bad, but the 
other side of that coin is the good news 
that massive regeneration is probably 
not needed to achieve a functional ben-
efit. If we could induce the regeneration 
of just a few retinal ganglion cell axons, 
we could potentially restore at least 
some degree of vision. 

Animal studies give us reason to be 
optimistic about nerve regeneration 
therapy. In genetically modified ani-
mals, synergistically acting therapies 
have been shown to tip the balance away 
from inhibition and toward growth 
promotion in damaged neural cells, re-
sulting in axonal regeneration along the 
optic nerve fiber, synaptic reconnection 
within the brain, and limited visual res-
toration (Figure 1).12 To date, however, 
these interventions are too invasive 
and inflammatory for application to 
humans. Much work remains to be done 
before we achieve our key goal: axonal 
regeneration without the inflammatory 
problems we see in laboratory animals. 
Ideally, combining neuroprotective and 
nerve regeneration modalities—a “pro-
tect and repair” approach—would hold 
the greatest opportunity for success. 

Of course, it is impossible to predict 
when research efforts such as these will 
bear fruit. Progress in science is rarely 

linear, and major breakthroughs can 
come unexpectedly. That said, optic 
nerve repair research in animal models 
has progressed very rapidly; we could 
see clinically meaningful progress in 
this area within 5 to 10 years.  

a neurodeGeneraTive 
disease?

One of the benefits of working as 
an ophthalmologist at the Centre for 
Brain Repair in Cambridge is the chance 
to compare notes with colleagues who 
are studying related diseases including 
Parkinson’s, Alzheimer’s, and multiple 
sclerosis. Glaucoma pathophysiology 

overlaps somewhat with neurodegen-
erative diseases such as these, because 
there are a only limited number of path-
ways by which cells die. For example, cel-
lular damage due to amyloid beta accu-
mulation is common to both glaucoma 
and Alzheimer’s disease. Mechanistic 
similarities with other diseases can 
provide clues for developing treatments, 
including the possibility of applying 
drugs used for one neurodegenerative 
disease to treat others.

There are also, of course, major 
differences from one disease entity 
to the next. For example, while some 
techniques encourage nerve repair in 
the spinal cord and do the same for the 
optic nerve, others techniques do not; 
and vice versa.11

iop sensinG and Beyond
I believe a next major clinical ad-

vance in glaucoma is likely to be an 
implantable IOP monitoring device, a 

major step up from the serial, in-office 
spot-checks we do now.13,14 Intraocular 
monitoring would provide ambulatory 
convenience to patients and provide 
a far more comprehensive picture of 
IOP peaks, patterns, and fluctuations. 
Of course, with the ability to generate 
abundant IOP data comes the critical 
task of making sense of all that infor-
mation. We should recognize that there 
will be a period during which it will be 
necessary to work out which data points 
(eg, peak IOP, mean IOP, IOP fluctua-
tions over the course of a minute or a 
day) predict progression or are in other 
ways clinically meaningful.

Also, within a few years, we will 
likely be able to implant an IOP-sensing 
intraocular lens at the time of cataract 
replacement surgery for patients with 
or at risk for glaucoma.15 Additionally, 
I would like to see a new generation of 
glaucoma drainage devices with built-
in pressure sensors, able to respond 
to pressure by increasing draining or 
releasing drug into the eye from a refill-
able reservoir. 

While this sounds a bit optimistic, if 
we can develop an implantable glucose 
monitor that delivers insulin on cue for 
diabetics—and we are getting close—
we can do the same thing with IOP-
lowering medications and glaucoma.16,17

Significant progress has been made 
in the arena of progenitor cell trans-
plantation in the inner retina.18 We 
even have the ability to print a viable 
matrix for retinal ganglion cells using 
inkjet printing technology, laying the 
groundwork to one day build multilay-

FiGure 1 optic nerve regeneration in a rat model of glaucoma. The left panel shows degeneration 
of the optic nerve following localized optic nerve crush. in the panel on the right, optic nerve 
regeneration has been induced in an animal with experimental glaucoma. regeneration of axons 
(green) beyond the crush site can be clearly seen.
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tolerable to patients. On the other hand, 
we need to think outside the box, taking 
our cue from other medical and surgical 
fields, and take better advantage of the 
current progress in biotechnology. 

Keith Martin, MD, is professor of ophthalmology 
at the University of Cambridge and lead clinician 
for glaucoma at Cambridge University Teach-
ing Hospitals NHS Foundation Trust. He is the 
vice-president and president-elect of the World 
Glaucoma Association. Dr. Martin is a consultant 
to Santen Pharmaceutical Co., Ltd. and Allergan. 
He is also a stock shareholder for Quethera Ltd. 
Medical writer Noelle Lake, MD, assisted in the 
preparation of this manuscript. 
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patients’ lives. This is a correctable 
problem that begins with awareness. As 
a community, and perhaps individually, 
we can be more curious about what mat-
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assessing quality of life in clinical trials 
and in our clinics. 

conclusion
We are at an interesting crossroads 
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examinaTion answer sHeeT Topics in Glaucoma — issue 6

 1.  Which factor 
may influence SD-OCT 
measurements?
A.  Advanced age 
B.  Long axial length
C.  Dense cataract
D.  All of the above

 2.  Regarding the current 
state of research on optic 
nerve repair, which of the 
following is NOT a current 
obstacle to progress?
 A.  Lack of success in 

animal models
 B.  Need for massive cellular 

regeneration to impact 
sight 

 C.  Inflammation
 D.  Invasiveness of 

intervention   

 3.  Which of the following 
is NOT among Dr. Martin’s 
five major unmet needs in 
glaucoma?
 A.  Developing 

neuroprotective agents
 B.  Improving imaging 

techniques
 C.  Reducing the cost of 

clinical trial design
 D.  Assessing risk of 

progression/blindness 

 4.  Which of the following 
statements is NOT true 
about progression of 
glaucomatous damage?
A.  Patients can progress 

despite treatment
B.  Disc hemorrhages are 

highly predictive of visual 
field progression

C.  Rates of progression 
are highly variable in 
individual patients

D.  Escalation of therapy 
is indicated only when 
there is evidence of visual 
field progression

 5.  Which of the 
following findings is the 
defining feature of manifest 
glaucoma?
A.  Elevated IOP
B.  Characteristic visual field 

defects
C.  Reduced visual acuity
D.  Optic nerve cupping

 6.  In Dr. Martin’s clinic, 
the most important staff 
member is: 
 A.  The physician
 B.  The researcher
 C.  The nurse
 D.  The office manager

 7.  Which of the following 
aims did Peng Khaw outline 
for glaucoma surgeons in his 
10/10/10 challenge?
 A.  Reduce IOP to 10 

mmHg
 B.  IOP reduction that 

endures for 10-years or 
longer

 C.  IOP reduction by 10% 
 D.  Both A and B are 

correct

 8.  What pattern is 
NOT characteristic of early 
glaucomatous visual field 
loss?
A.  Large central scotoma
B.  Superior arcuate defect
C.  Temporal wedge
D.  Nasal step 

 9.  Which of the following 
is likely to be the best 
measure of progression 
in patients with highly 
advanced or end-stage 
glaucoma with visual acuity 
worse than 20/400?
A.  Visual acuity
B.  Visual field
C.  Self-reported visual 

performance
D.  ERG

 10.  Nanoparticles are 
being evaluated for use as:
 A.  A vehicle for slow-

release of IOP-lowering 
drugs

 B.  A nonreactive coating for 
drainage devices

 C.  A vehicle for cellular 
penetration in gene 
therapy   

 D.  None of the above  


