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“If ... the past may be no rule for the future, all 
experience becomes useless and can give rise to 
no inference or conclusion.”

-David Hume (18th Century Scottish Philosopher)

I
n June of 2011, the US Food and 
Drug Administration (FDA) issued a
positive opinion and recommended
the approval of Regeneron Pharma-
ceuticals, Inc.’s aflibercept (VEGF 

Trap-Eye) for patients with exudative 
age-related macular degeneration (AMD).
The proposed trade name will be Eylea.
Acceptance is expected by August 20,
2011.

Although ranibizumab and bevacizum-
ab (Lucentis and Avastin, Genentech)
have revolutionized the treatment of wet

AMD, Regeneron is claiming that aflibercept may have
substantial advantages in terms of drug durability and
efficacy. As clinicians, we will have a significant set of
decisions to make in terms of how we will incorporate
this new biologic agent into our practices. 

There will not likely be a strong surge in usage of
aflibercept when it is initially introduced because we
have excellent and intense experience with bevacizum-
ab and ranibizumab. A logical subgroup in which to try
the newest anti-vascular endothelial growth factor
(VEGF) drug would be patients who have failed either of
the traditional anti-VEGF agents. Interestingly, 79% of
eyes in ANCHOR at month 3, and 70% of eyes in MARI-
NA at month 6 were classified as having “wet lesions”
that demonstrated persistent angiographic choroidal
neovascularization (CNV). Although most patients in our
clinics have a predictable response to ranibizumab and
bevacizumab, we all have patients who have persistent
CNV and have been on a particular therapy for months,
if not years. This group of patients, in particular, has the
most to potentially gain when aflibercept becomes
available. 

This autumn, marketing strategies for aflibercept will
likely kick into high gear and it is a good guess to say
that if the FDA grants the bimonthly dosing label (after
three monthly loading doses as in the clinical trials),
Regeneron will highlight the less frequent dosing.
However, do we really use ranibizumab and bevacizum-
ab monthly for most of our patients? 

There is always a clinical learning curve when incorpo-
rating a new therapy into our practices, as we found
when anti-VEGF therapies first became available.
Additionally, the data generated for the FDA is often lim-
ited in scope. One strength of our specialty, however, is
that we are quick to share our clinical experience with
new treatments to the end of perfecting regimens.
Armed with our collective expertise, retina specialists are
more stringent than the FDA when it comes devising reg-
imens for our patients. Soon, we will have the opportunity
to test whether aflibercept at less frequent dosing inter-
vals is truly equally efficacious as ranibizumab. NRMD
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With Trexler M. Topping 

Over the past several years there
has been a major transition where
more retina surgeons are perform-

ing their procedures in the ambulatory sur-
gery center (ASC) environment, largely

because the reimbursement for the surgical procedures
has been ratcheting upward. Previously, reimbursement
for retinal procedures was abysmally low and because
the surgeries take so much longer than anterior seg-
ment surgeries, such as cataract surgery, to do these in
the ASC didn’t make financial sense. 

Now that retina surgeons are more involved in ASCs,
the issues that affect these facilities are more pertinent
to the subspecialty. New Retina MD recently had the
opportunity to speak with Trexler M. Topping, MD, from
Ophthalmic Consultants of Boston, regarding some
issues surrounding policies that affect ASCs. 

New Retina MD: Please explain the issue of pass-
throughs in an ASC.

Dr. Topping: Pass-through is a term used for the
process of passing the cost of a surgical item through 
to the payer. The only pass trough that currently exists
(for ophthalmic ASCs) is corneal material for corneal
transplantation. All other items used in surgery are now
borne by the facility. 

Previously, one could negotiate with payers reim-
bursement for certain items, such as silicone oil, perflu-
orocarbon liquid, or Molteno tube shunts (New World
Medical, Inc, Rancho Cucamonga, CA). Currently, how-
ever, they are all now bundled into a single facility fee
for performing the procedure (regardless of whether
these added items are employed). 

Federal law eliminated the use of pass-throughs in
ASCs approximately 7 years ago. Fortunately, this
occurred around the same time that reimbursement

rates for ASC rates rose, so ASC managers were able
to compensate for the loss of payment for these surgi-
cal items. 

New Retina MD: What role will ASCs play in the forma-
tion of accountable care organizations (ACOs)? 

Dr. Topping: The answer is that nobody really knows
at this point, but let me put this in a slightly different
light. The goals of ACO formation include the ability to
deliver the highest quality of care at the lowest possible
cost. If you perform a procedure at an ASC, the ASC
facility fee is only 57% of what it is in a hospital OR.
Therefore, your cost of providing the service at the ASC
is significantly lower. 

Let’s suppose a patient in an ACO requires removal of
a macular pucker. The physician fee is the same regard-
less of where the surgery is performed, but the OR cost
in an ASC is approximately $1,550, while the cost in a
hospital outpatient surgical facility is in the neighbor-
hood of $2,700. Thus, the cost for performing the same
service at the ASC is approximately $1,100 lower than in
the hospital, which should make an ACO think positively
about ASCs as sources of cost savings.

Current Issues in 
Regard to Ambulatory

Surgery Centers
An interview with Trexler M. Topping, MD

“The cost for performing the same

service at the ASC is approximately

$1,100 lower than in the hospital,

which should make an ACO think

positively about ASCs as sources

of cost savings.”

4 NEW RETINA MD . SUMMER 2011

Washington Medical Matters

0711NRMD paginated  8/9/11  12:19 PM  Page 4



Washington Medical Matters

SUMMER 2011 . NEW RETINA MD   5

New Retina MD: Recently, the United States Department
of Health and Human Services has introduced the concept
of value-based purchasing for ASC payments. Please dis-
cuss how this will affect ASCs. 

Dr. Topping: Value-based purchasing while maintaining
quality outcomes is an idea that would seem to pose a sig-
nificant challenges to some organizations within medicine.
ASCs have been on the forefront of outcomes analysis for
some time, however, so this should not be an issue. For re-
credentialing purposes, ASCs must review their complica-
tion rates every 1 to 3 years and must show the ability to
perform these analyses in a high-quality manner. 

New Retina MD: In March, MedPAC recommended a
0.6% increase in ASC payments compared to a 2.4%
increase for hospitals. Why do ASCs continue to be paid
less than hospitals for the same service?

Dr. Topping: A hospital, or a combination of hospitals, is
often the largest employer in a county, region, or even a
state. Thus, hospitals have a huge amount of lobbying
power in Congress. Approximately 7 or 8 years ago, ASC
payments were supposed to increase to two-thirds of what
hospital outpatient centers were receiving, but the actual
increase adds up to about 57% of what hospitals receive.
What is happening is that we are getting consumer price
index increases every year and the hospitals are getting
the medical market basket increases, which are much more
representative of what the actual costs are. Small ASCs
simply do not have the lobbying power that hospitals do.
So, even though the insurance companies and Medicare
may save a good amount of money on ASCs because they
are more cost effective, when it comes time to give out the
money, the organizations with the most lobbyists are going
to be the ones to get it. 

New Retina MD: What retina surgical volume is neces-
sary for an ASC to be profitable?

Dr. Topping: That is a question without an answer. I cur-
rently run two ASCs—one has retina capabilities and the
other does not. I am a member of a third, which has reti-
na capabilities. At the largest ASC in which I operate, we
began performing retinal procedures roughly 15 years
ago at a significant loss. Our anterior segment surgeons,
however, were happy to have us around. If, for example, 
a nucleus was dropped during cataract surgery, the retina
surgeon could be called into the OR and easily remove
the nucleus with a vitrectomy technique. The patients and
their families were happy because they did not have to
return for a second surgery, and overall, it was a positive
situation. 

Now, with the increasing surgical volumes that we have
in our facility and with the increasing reimbursements for
the procedures, it is not only cost neutral, but even slightly
cost positive to perform retina surgeries in an ASC. Part of
the decision whether to include retina surgery in your ASC
is one of whether you want have the highest possible profit
margin, which would exclude retina, or whether you want
to improve the quality of services by including retina, and
possibly reduce your profit margin.

There is not a magic number. It all depends on regional
costs, ASC throughput, and the quality of the manage-
ment and structure of an organization. 

New Retina MD: What are some things to watch in
Congress in the coming months? 

Dr. Topping: Of course we hope that the Ambulatory
Surgical Center Quality and Access Act (H.R. 2108/S. 1173)
passes through the House and Senate, but it will come
down to how much money Congress is trying to save. 

Aside from these bills facing Congressional approval,
other issues that will be interesting to watch involve drug
approvals in the US Food and Drug Administration. It is
expected that we will soon have two new therapies avail-
able to us: VEGF trap (Eyelea, Regeneron Pharmaceuticals,
Inc.) for age-related macular degeneration and the fluoci-
nolone acetonide intravitreal insert (Iluvien; Alimera
Sciences, Alpharetta, GA) for diabetic macular edema. It
will be interesting to see how they are priced when/if
approved and how much Medicare and insurance compa-
nies are willing to pay for them. NRMD

Trexler M. Topping, MD 
specializes in diseases and surgery of the retina and 
vitreous with Ophthalmic Consultants of Boston and 
Boston Eye Surgery & Laser Centers. He can be reached 
at +1 617 367 4800. 

“When it comes time to give out

the money, the organizations with

the most lobbyists are going to be

the ones to get it.”
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T
his the second half of our series
in which mentors were asked
questions and offered readers
their advice from years of train-
ing fellows. In the first half, we

invited Harry Flynn, MD, and George Williams, MD. In
this second installment, we asked mentors from a differ-
ent generation these same questions. Steven D.
Schwartz, MD, Chief of Retina Division at the Jules Stein
Eye Institute, University of California, Los Angeles
(UCLA) and Dean Eliott, MD, Associate Director of the
Retina Service at the Massachusetts Eye and Ear
Infirmary, Harvard Medical School, are two well-known
leaders in the field. They have dedicated their careers to
teaching retinal fellows.

- Omesh P. Gupta, MD, MBA

What are your top 3 teaching points you stress when
you are working with fellows in the OR?

Dr. Eliott: First, pay attention to detail. Good sur-
geons do, and bad surgeons don’t; it’s as simple as that. 

Second, learn from others’ mistakes. A smart person
learns from his/her mistakes, but a really smart person
learns from someone else’s mistakes. Thomas Jefferson
said it best, “Learn to see in another’s calamity the ills
that you should avoid.” As a result, TJ never did any
macular translocations. So when your attending advises
you not to do a procedure or a maneuver because
he/she witnessed a less than favorable result, don’t be a
wise guy/gal and try it in the hopes that you’ll have a
better result.

Lastly, surgery is not a race. There is a lot of pressure
to be fast in the OR. When surgery is quick, the nurses
get to take a break, the administrators make money, and
the surgeon gets to go home early. If speed is a result
of cutting corners, however, then everyone benefits
except the patient. Don’t confuse efficiency with speed.
Be as efficient as possible without sacrificing quality. 
I once heard a presentation about success after retinal
detachment surgery; the success rate in their case series

was not stellar and many cases had “no breaks found.”
The authors looked at all sorts of variables and couldn’t
find a correlation with failed cases. They were simply
puzzled. On close inspection of the data, some of their
operative times were shockingly short, but the one vari-
able they didn’t look at was operative time. I suspect
they couldn’t find a break because in some cases they
didn’t look too carefully. If you don’t find a break after a
“careful” exam, look again. It’s there somewhere. Be
thorough and efficient.

Dr. Schwartz: At UCLA’s Jules Stein Eye Institute Buzz
(Allan) Kreiger, MD, and I codirect the fellowship. I have
had the opportunity to be around a lot of smart people,
but I have rarely, if ever, encountered anyone as wise as
Buzz. Over the years we’ve discussed these issues at
length, so the answers I share with you come largely
from his teachings.

First, be well prepared. Know the exact nature and
anatomy of the condition you are facing and have a
clear plan as to how to approach it and what the surgi-
cal goals are. Always remember the best surgeons oper-
ate on people, not on eyes.

Second, have respect for the tissues. Watch the result
of each of your actions carefully and use this information
to inform your next action. Precision and control help
define a great surgeon, from basic maneuvers to the
most complex dissections. 

Third, take your time and do not be rushed. However,
don’t dally and have a clear idea of what is coming next.

Back to Fellowship: 
More From Your Mentors: Part 2

An interview with experienced mentors Dean Eliott, MD; and Steven D. Schwartz, MD

Surgical Pearls
Section Editor: Omesh P. Gupta, MD, MBA

“A smart person learns from

his/her mistakes, but a 

really smart person learns from

someone else’s mistakes.”

-Dean Eliott, MD
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Prepare your team for what to expect before and during
procedures.

What are your top 3 teaching points in the clinic?

Dr. Eliott:  Listen to the patient. Sir William Osler
once said, “Listen to your patient. He is telling you the
diagnosis.” Have the patient tell you their symptoms in
their own words—don’t rely only on the technician’s his-
tory. Then ask pertinent questions. One of the nice
things about ophthalmology is that we don’t need to
obtain a lengthy history; however, don’t assume that
the history is completely irrelevant. This is especially
true for complicated cases where you need to assemble
clues like a detective. Recently, a patient was referred
to me and the fellow did a careful exam and correctly
diagnosed wet age-related macular degeneration.
When I asked the patient what was bothering her, she
had a lot of complaints and one of them was diplopia.
Despite my weakness in the field of strabismus, further
questioning and a motility exam revealed a sixth nerve
paresis. When you listen to the patient, you’ll often
know exactly what they have before you begin your
exam.

My second teaching point is: don’t be overly aggres-
sive. In the early years of practice, surgeons want to do
a lot of surgery. Resist the temptation to perform sur-
gery on patients with difficult personalities (unless their
condition requires it) and avoid certain procedures alto-
gether (macular translocation in the anti-vascular
endothelial growth factor era, radial optic neurotomy in
any era). Scheduling elective surgery on an abrasive
patient with an epiretinal membrane (ERM) will poten-
tially result in a short period of pleasure (the peeling)
and a long period of pain (the phone calls, the frequent
office visits, the never-ending complaints, and potential-
ly much worse). Our goal is to make patients happy, but
sometimes that is an impossible task. And you’ve heard
this one many times: don’t schedule a patient for a pro-
cedure that you would not do on your own mother. 

Third, be compassionate. I occasionally hear patients
say, “the other doctor treated me like I was just a reti-
na.” Having recently experienced the health care system
from the other side (caring for my elderly parents), I am
convinced that something is seriously lacking these
days. Saying a few kind words and demonstrating that
you have a personality will separate you from the pack. 

Dr. Schwartz: I tell fellows to listen to the patient. As
Dr. Eliott noted, Osler is claimed to have said that if you

listen to the patient long enough they will tell you the
diagnosis. Hurrying is losing the opportunity to pick up
critical information required for the care of the individ-
ual patient. Furthermore, the process of listening com-
passionately creates a human bond that is healing for
the patient. Give every patient the time they need. Treat
the patient the way you would like your family to be
treated and be direct about good or bad news. Find the
blend of humility, respect, compassion, honesty, and
efficiency that works for you. Follow these rules and
your clinical performance and personal satisfaction will
simultaneously improve. 

Next, perform a skilled, complete examination in the
clinic. Use the indirect ophthalmoscope and other
modalities, so that you have a clear idea of what the
pathological process is. Being a great diagnostician sep-
arates you from the crowd and will serve you and your
patients well throughout your career. 

Finally, never tell the patient what they should do. All
decisions are risk/benefit decisions. Patients should be
given the options and be allowed to participate in the
decisions that are being made. Many times, the choice
is obvious; other times, however, the final decision
requires input from the patient to make the correct
choice. This is critical for informed consent, but it also
creates an ambience of collaboration between the
physician and the patient.

What is the toughest OR situation you have had in
the past 6 months and how did you handle it?

Dr. Eliott: A 33 year-old man with a macular fold after
retinal detachment surgery was referred to me by a very
good retina surgeon. The patient’s better seeing eye
(fellow eye 20/200) had a total retinal detachment, and
the retina surgeon did a buckle/vitrectomy. Postopera-
tively, the retina was attached, but there was a dry fold
from the superonasal periphery, through the fovea, to
the inferotemporal periphery (visual acuity 20/400). The

Surgical Pearls

“Patients should be given 

the options and be allowed to

participate in the decisions that

are being made.”

-Steven D. Schwartz, MD
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surgeon then performed a vitrectomy trying to open the
fold, but it was unsuccessful. He then referred the patient
to me. 

The plan, after discussing the case with a few of my col-
leagues, was to penetrate the retina just outside of the
arcade with a 39-gauge cannula, create a subretinal bleb,
detach the macula, and open the fold. Unfortunately, when
I injected subretinal balanced salt solution, the fluid dis-
sected toward the periphery and entered the vitreous cavi-
ty through one of the previous peripheral breaks (despite
the confluent laser around the break). I tried a new site
with the same result. I did sa partial fluid-air exchange to
force the subretinal fluid posteriorly but that didn’t work
either. This was not turning out as planned, because now
everything was detached except the macula. One of the
fellows commented, “Wow, this is amazing, everything
you’re trying is failing!” I decided to make one of the 39-
gauge holes larger and inject subretinal viscoelastic toward
the fovea, hoping that the high force created by the
advancing viscoelastic would not create a large hole in the
macula. Fortunately, or should I say luckily, the macula
detached and the fold opened. I irrigated and removed
the viscoelastic and reattached the retina under oil.
Postoperatively, a moderate ERM developed which
required peeling, and the patient eventually recovered to
20/50. My two points of advice from this case are: 
1) Don’t try this procedure; and 2) fellows should 
exercise their frontal lobes when making comments 
in the OR.

Dr. Schwartz: I recently operated on a 15-year old girl
who had severe craniofacial trauma from being ejected
through the roof of a car. One eye was lost completely in
the trauma and the repair of the second eye (bare LP eye)
was delayed for weeks due to the severity of her neurosur-
gical issues. When she finally was referred to UCLA, we
applied a keratoprsothesis, performed complex dissection,
and opened the funnel detachment, only to find the retina
chronically disinserted from the optic nerve. Once we got

past the horror of the situation, we reattached the retina
with an oil tamponade and had to tell the patient and her
family that we probably did not help to improve her visual
prognosis.

What life lesson (non-clinical) do you like to share with
all your fellows before they graduate?  

Dr. Eliott: The best part of my job is the opportunity to
work with fellows, as they represent the best and brightest
young minds from a variety of backgrounds. As a result of
this interaction, I have been privileged to learn from them.
Because learning is a two-way street, the words of wisdom
that I can offer are simple: listen to the advice you were
given by your parents, which has enabled you to choose
and excel in such a worthy and rewarding profession. Take
pride in your work, always be true to your values, continue
the learning process forever, and put others first. 

Dr. Schwartz: Never become arrogant. Always remem-
ber that it is a privilege to be a retina surgeon. Arrogance
causes more problems for the surgeon than any others,
except maybe dishonesty, and often they are linked. Be
honest with yourself, never stop learning, remain critical,
but not dismissive, of other’s ideas. Measure yourself not by
financial prowess, but by more personal metrics. NRMD

Surgical Pearls

Omesh P. Gupta, MD, MBA  
is with the Retina Service of Wills Eye Institute and is an
Assistant Professor of Clinical Ophthalmology at Temple
University School of Medicine in Philadelphia. He is a New
Retina MD Board member. Dr. Gupta may be reached at 215
707 3346; or via e-mail at ogupta1@gmail.com.

Steven D. Schwartz, MD  
is Ahmanson Professor of Ophthalmology,
Professor of Ophthalmology, Chief of the
Retina Division, Director of the Diabetic Eye
Disease and Retinal Vascular Center, and
Director of the Ophthalmic Photography
Clinical Laboratory at the Jules Stein 
Eye Institute, University of California, 

Los Angeles. Dr. Schwartz can be reached by phone: 
+1 310 206 7474; fax: +1 310 825 3350; 
or Schwartzpatients@jsei.ucla.edu.

Dean Eliott, MD  
is Associate Director of the Retina Service,
Massachusetts Eye and Ear Infirmary, Harvard
Medical School. He may be reached by phone:
+1 617 573-3736; fax: +1 617 573- 3698; or via
e-mail at dean_eliott@meei.harvard.edu.

“Take pride in your work, always

be true to your values, continue

the learning process forever, and

put others first.”

-Dean Eliott, MD
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As part of the “Road to
Recertification” article series in
New Retina MD, Douglas J. Rhee

provides an overview of some of the topics
that retina specialists may want to review

in more detail for Maintenance of Certification. As with
every article in this series, Dr. Rhee’s overview is not
meant to take the place of a comprehensive review
course; rather, its purpose is to highlight some key areas
within the glaucoma subspecialty and to encourage a
more thorough review prior to taking the Demonstration
of Ophthalmic Cognitive Knowledge exam. 

-Diana V. Do, MD

Risk Factors and Diagnostic Testing for Glaucoma
Three of the major risk factors for conversion from

ocular hypertension to glaucoma according to the
Ocular Hypertension Treatment Study (OHTS) can be
remembered using the mnemonic rule of fives. They
are: 

• increased intraocular pressure (IOP) greater than 
25 mm Hg; 

• cup-to-disk ratio greater than 0.5; and 
• central corneal thickness (CCT) measurement 

greater than 555 µm. 
In regard to diagnostic testing, there are several tech-

nologies available and I will highlight some more com-
monly used methods. 

Tonometry. This test is the most commonly used to
measure IOP. Goldmann applanation tonometry is con-
sidered the gold standard for applanation tonometry,
which estimates IOP based on the amount of pressure
that is required to flatten the cornea. Because this instru-
mentation contacts with the cornea, anesthetic is
required. Noncontact tonometry, such as the ocular
response analyzer, uses a puff of air and calculates IOP
based on the difference between the pressures when the
cornea is flattened inward and outward. 

Corneal pachymetry. Corneal pachymetry, which
measures CCT, has become significant in its role in glau-
coma diagnosis. Knowing a patient’s CCT helps the 

clinician to know the true IOP measurement. It is not 
common practice to “correct” the IOP measurement for
CCT using any of the published formulas. Rather, the
patient is roughly classified as having average, thick, 
or thin corneas. The median CCT is considered to be
555 µm. CCT that is 590 µm or above is considered thick
and CCT less than 520 µm is considered thin. Both the
OHTS and the European Glaucoma Prevention Study
(EGPS) showed that a thin CCT measurement is an inde-
pendent risk factor for the development of glaucoma.1,2

In the absence of corneal pathology that would 
alter its thickness, CCT does not change over time.
Additionally corneal thickness is a heritable trait, as
shown in the Twin Eye Studies.3 

Visual-field test. Standard automated perimetry (SAP)
is a frequently used test for visual function, and employs
either a Humphrey Field Analyzer (HFA; Carl Zeiss
Meditec) or the Octopus Perimeter (Haag-Streit AG,
Koeniz, Switzerland). The automated achromatic test,
a.k.a. standard white-on-white test, is very sensitive, but
because it relies on the patient’s response, there is
inherent variability. With the HFA, the Swedish
Interactive Testing Algorithm (SITA) testing strategy has
been employed since the early 2000s, which has greatly
reduced the duration of the test (by approximately 60%)
without sacrifice of accuracy compared with the full-
threshold testing strategy. The typical testing strategy

Competencies in
Glaucoma

By Douglas J. Rhee, MD

Measuring CCT has become 

standard in most glaucoma 

practices, as knowing a patient’s

CCT helps the clinician to know

the true IOP measurement.
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used for the diagnosis and surveillance of glaucoma is
the 24-2 SITA Standard test using the HFA machine.

Psychophysical testing. Psychophysical testing is
designed to offer effective detection of functional
defects from glaucoma. White-on-white has been the
gold standard for several decades; however, newer
strategies have emerged in an attempt to detect func-
tional defects earlier than white-on-white testing. Short-
wave Automated Perimetry (SWAP) uses an HFA
machine, but with a yellow background and stimulus
size V blue-light. These schemes have been shown to
detect glaucoma earlier than SAP in several studies by
isolating the magnocellular ganglion cells. Frequency
Doubling Perimetry (FDP), which is also a psychophysi-
cal test, measures spatial frequency to isolate the parvo-
cellular ganglion cell layer. FDP has also been shown to
offer earlier detection of glaucoma than white-on-white
perimetry. By isolating a subpopulation of ganglion
cells, it is believed that SWAP and FDP are able to
detect glaucoma earlier because this smaller population
of ganglion cells has less functional reserve.

Optic nerve topography. The speed at which light
reflects along an axis is used by confocal scanning laser
ophthalmoscopy (CSLO) to determine distances and
measurements. The advantages of CSLO include that it
has been available since the early 1990s, and although
three generations of the technology have been devel-
oped since its introduction, the data obtained from earli-
er generation machines can still be analyzed and used for
comparison by the newer generation machines. There is
evidence demonstrating that CSLO is able to provide an
earlier diagnosis of glaucoma than visual field testing.

The Heidelberg Retinal Tomograph (HRT; Heidelberg
Engineering, Carlsbad, CA), which utilizes CSLO tech-
nology, using Moorefields Regression Analysis parame-
ters, can help to predict conversion to glaucoma in
patients who have ocular hypertension.4

Nerve fiber layer imaging. Nerve fiber layer imaging
is achieved with SLO (GDx, Carl Zeiss Meditec, Dublin,
CA), which measures the retardation of a polarized laser
light passing through tissue possessing the physical
property of birefringence to provide an estimate of the
nerve fiber layer thickness. Because there are other
structures in the eye, such as the cornea, that are also
birefringent, the Variable Corneal Compensator was
added to the GDx to improve the specificity of this
technology. 

TD-OCT and SD-OCT. Like optic nerve topography
and nerve fiber layer imaging, optical coherence tomog-
raphy (OCT) also uses light, but provides a more accurate
measurement of the nerve fiber layer with a higher reso-

lution compared to SLO. Although the superiority of
spectral-domain OCT over time-domain OCT has 
essentially been established in the retina subspecialty,
there is some debate regarding this topic in glaucoma.
Additionally, although OCT may have the ability to pro-
vide an earlier diagnosis of glaucoma than visual field
testing, it may not be ideal for determining progression. 

In several large studies, including the OHTS and the
EGPS, structural testing has been shown to be able to
detect glaucomatous damage earlier than functional
testing. Both OHTS and EGPS found that structural
defects are the first detectable defect in approximately
50% of cases compared to functional defects. What is
important to note, however, is that 50% of the initial
defect is still functional (ie, visual field change).
Clinically, earlier detection with SWAP and FDP may 
not be diagnostic in and of themselves; however, earlier
detection of a functional defect can heighten suspicion
and spur the clinician to seek corroborating evidence.
If, however, one detects a structural defect, this can be
enough to diagnose glaucoma. The term “pre-perimet-
ric glaucoma” is used to describe a situation where
glaucomatous damage is present, yet a functional
defect on standard white-on-white visual field testing
has not appeared. These patients are treated as early
primary open-angle glaucoma patients.

The Glaucomas
Primary open-angle glaucoma. Primary open-angle

glaucoma is by far the most commonly diagnosed glau-
coma in the United States and is the second most
prevalent yet preventable cause of blindness, affecting
approximately 2% of the US population. Its diagnosis is
established by a relatively elevated IOP, characteristic
optic nerve and/or visual field changes, the presence of
unobstructed anterior chamber angles on gonioscopy,
along with an assessment of risk factors and structural
characteristics of the eye. 

To date, all of the genes that have been identified for
primary open-angle glaucoma comprise approximately
7% to 9% of all open-angle glaucoma. Thus, open-angle
glaucoma is a polygenic complex disorder, and is not
attributable to a single gene mutation. 

Secondary open-angle glaucoma. Secondary open-
angle glaucoma includes pseudoexfoliation and pig-
ment dispersion. Pseudoexfoliation is caused by an 
elevation of IOP that is the result of the excretion and
accumulation of pseudoexfoliative material. The 
source of pseudoexfoliative material is unknown but it 
is believed to be related to vascular leakage. Pseudo-
exfoliation coincidentally causes a loosening of the
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zonular support system of the lens, increasing the risk of
complications in cataract surgery. 

The presence of pseudoexfoliation does not mean that
there is glaucoma. The risk of developing glaucoma for
patients who have pseudoexfoliation is roughly 15% over
5 to 7 years. Pseudoexfoliation is more common in whites
and although it is bilateral in 75% of all cases, it can be
unilateral in 25%. Primary open-angle glaucoma, in com-
parison, is almost uniformly bilateral, but asymmetric.
There is a genetic polymorphism that has been identified,
Loxyl-1 (lysine oxidase), which confers an increased risk
for the development of pseudoexfoliation glaucoma. 

Pigment dispersion syndrome usually affects men with
high myopia. The condition is bilateral and presents
with mechanical rubbing of the posterior aspect of a
floppy iris against the lens zonular system, causing a
release of pigmentation. The pigmentation releases into
the trabecular meshwork, causing trabecular meshwork
cell death. Glaucoma occurs when the IOP is elevated.

Acute angle-closure glaucoma. Acute angle-closure
glaucoma occurs most often in patients who are hyperop-
ic with a crowded anterior chamber angle. It is believed to
be more common in people of Asian origin, but occurs in
all ethnic groups. Symptoms and signs include halos
around lights, hazy cornea, redness of the eye, and a mid-
dilated pupil. This condition is considered a true oph-
thalmic emergency. Medical treatment is aimed to break
the attack and clear the cornea in order to perform the
definitive treatment, which is a peripheral laser iridotomy.
In the absence of contraindications, the medical manage-
ment involves topical beta-blockers, alpha agonists, or
carbonic anhydrase inhibitors (CAIs), which are typically
supplemented with oral or intravenous CAIs and/or sys-
temic hyperosmotic agents such as intravenous mannitol
or parenteral glycerol. Hyperosmotic glycerol can be
applied topically to clear the cornea immediately in
advance of a laser iridotomy. If laser iridotomy should fail
or is not possible, surgical iridectomy should be strongly
considered. An iridotomy should be strongly considered
in the contralateral eye as the risk of acute angle closure
in the untreated contralateral eye is approximately 50% 
at 6 months and 75% at 12 months.

Congenital glaucoma. The frequency of infantile glau-
coma is approximately one in 10,000 live births. The
most common infantile glaucoma is primary congenital
glaucoma (one in 30,000 live births). The classic sympto-
matology are photophobia, epiphora, and ble-
pharospasm. Signs of congenital glaucoma include
Haab striae, which is a horizontally aligned break in
Descemets membrane causing corneal edema, elevated
IOP, and stretch tear. Any cornea larger than 12 mm in

horizontal diameter should be considered suspect. The
definitive treatment is surgical—either goniotomy if the
cornea is clear or trabeculotomy if the cornea is hazy.

Medical Management of Glaucoma
Prostaglandin analogues (PGAs). PGAs are considered

the gold standard in first-line treatment for most cases of
glaucoma. The mechanism of action is to enhance scleral
outflow. The most common side effects with PGAs are
changes in iris color, conjunctival hyperemia, eyelash
growth, and alterations in the pigmentation of the peri-
orbital skin. The three PGAs for glaucoma treatment are
bimatoprost, latanoprost, and travoprost. 

Beta blockers. Topical beta blockers work by causing a
decrease in aqueous suppression. The side effects of
beta blockers include slowing of the heart rate,
decreased realization of hypoglycemic symptoms in
patients with diabetes, and bronchospasm; thus, beta
blockers are generally contraindicated for patients with
diabetes, asthma, and lung disease. Topical beta blockers
for glaucoma include carteolol, levobunolol, metipra-
nolol, and timolol. Betaxolol and levobetaxolol are selec-
tive beta1-adrenoceptor blockers and have fewer car-
diopulmonary effects. 

Carbonic anhydrase inhibitors. CAIs come in both
oral and topical form. The mechanism of action of both
oral and topical CAIs is to decrease aqueous secretion.
The most well known oral agents are acetazolamide and
methazolamide. Oral CAIs are the most effective IOP
lowering agents available but have the greatest number
of side effects including paresthesias, nausea, diarrhea,
gastrointestinal upset, kidney stones, aplastic anemia,
altered taste, fatigue, and loss of appetite. 

In theory, topical CAIs can cause all of the above listed
side effects but there are no reports of such. The avail-
able topical CAIs are brinzolamide and dorzolamide. The
most common side effects with topical CAIs are a sting-
ing sensation and conjunctival hyperemia. CAIs are sulfa-
based medications and so they are contraindicated in
patients with known sulfa allergies.

Alpha agonists. The use of nonselective alpha ago-
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nists (apraclonidine), which suppress aqueous, is isolat-
ed to prophylaxis for post-laser IOP spikes. Because
tachyphylaxis has been shown to occur after approxi-
mately 90 days, nonselective alpha agonists are not suit-
ed for chronic use. 

A selective alpha-2 agonist, brimonidine, is also an
aqueous suppressant, but can be chronically. The side
effects include conjunctival hyperemia, follicular allergic
conjunctivitis, hypotension, and fatigue. Brimonidine has
been reported to cause apnea in infants. This drug is
contraindicated in children younger than 2 years of age.

Miotics. Although they are rarely used because of a fre-
quent dosing regimen and large number of side effects,
another class of glaucoma medication is miotics—pilo-
carpine and carbachol. Miotics increase the aqueous out-
flow through the trabecular meshwork. The side effects
include miosis, worsening myopia, brow ache, intraocular
inflammation, and loss of iris/pupillary response, making
subsequent cataract extraction more difficult.

Surgical Management of Glaucoma
Trabeculectomy. Trabeculectomy remains the stan-

dard first-line surgical procedure for glaucoma and
involves creating a guarded, but full-thickness passage
connecting the anterior chamber and subconjunctival
space relying upon the formation of a bleb.

Ab interno trabeculectomy. This is a newer procedure
that involves using thermal energy to remove a portion,
typically 60-110º, of trabecular meshwork and inner wall
of Schlemm's canal to create a direct communication
between the anterior chamber and collecting channels.

Tube-shunt surgery. Following a failed trabeculecto-
my, a glaucoma drainage implant device can be effec-
tive and has been shown to be more effective than
repeat trabeculectomy in a large prospective study.5

Side effects of tube-shunt surgery include infection,
corneal decompensation, acceleration of cataract
growth, and binocular diplopia.

Canaloplasty. In this newer procedure, a micro-
catheter is inserted into Schlemms canal and opens up
the main drainage channel with viscoelastic injection,
lowering the IOP.

Laser trabeculoplasty. Argon laser trabeculoplasty
(ALT) and selective laser trabeculoplasty (SLT) both deliver
laser energy to the trabecular meshwork, stimulating a
biochemical change and increasing trabecular meshwork
proliferation to lower IOP. ALT uses an argon laser to cre-
ate tiny burns in the trabecular meshwork and SLT uses
an Nd:YAG laser, which is more selective and uses less
power than argon. Although it has been suggested that
because SLT uses less power, the treatment is repeatable,

there is no published evidence to this effect. 
Iridotomy. This procedure is used prophylactically for

patients with narrow angles who are felt to be at high
risk for acute angle closure. Iridotomy is also performed
as the definitive treatment for an attack of acute angle-
closure glaucoma.

Iridectomy. In this procedure, which is used upon fail-
ure of iridotomy for angle-closure glaucoma, a portion
of the iris is removed surgically to reduce IOP. It should
be noted that when iridotomy and/or iridectomy is per-
formed in one eye with acute angle-closure glaucoma,
the procedure should be repeated soon after in the
unaffected eye because the risk of the fellow eye devel-
oping acute angle-closure glaucoma is approximately
50% in 6 months and 75% by 12 months. 

Summary
Although it is impossible to summarize a subspecialty

in a single brief article, I hope that this serves as a
“refresher” and the impetus for further study on glau-
coma competency. More information and complete
study materials can be found on the American
Academy of Ophthalmology Web site at:
http://one.aao.org/CE/MOC/default.aspx.  NRMD
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The ophthalmic industry is one of the fastest growing fields of
health care, and the technologies behind it are evolving daily.
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stockholders.

Eyewiretoday.com, which is part of Bryn Mawr Vision Group, posts
stories as they happen and updates breaking news throughout
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P
hysicians are quick to adopt new
technology, largely driven by the
increasing demands of the med-
ical field. Mobile technology, in
particular, has allowed doctors to

do more with less time—whether responding to patient
calls, looking up drug information on the go, or access-
ing patient data remotely. Certainly, mobile efficiency
has come a long way from the pager. 

Ophthalmologists, specifically retina specialists, have
a lot to gain from the advances in mobile technology

because we rely heavily on “gadgetry.” Smartphones
have emerged combining the telephone, pager, person-
al digital assistant, and internet access into one device.
Further, the creation of applications, or apps, for smart-
phones allows end users access to a tool that is
designed to perform a specific task quickly and effec-
tively (Figure 1). In my opinion, a smartphone that con-
tains no downloaded apps, particularly in the hands of
an ophthalmologist, is quite simply a waste of valuable
resources. 

To understand how smartphones can improve your
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overall efficiency in life and in practice, let’s start by 
categorizing how they can be used. For this article, I will
focus on applications that are specific to the iPhone and
Android-based phones, although some of these apps
can be downloaded for use on virtually any smartphone. 

Testing Tools/Office-based Tools
The Eye Handbook (Figure 2), which is sponsored by

Alcon Laboratories, Inc., Allergan, Inc., Abbott Medical
Optics, Bausch + Lomb, and Genentech, has multiple
vision testing tools that can be displayed on a smartphone
or tablet computer for easy, portable testing. Tests include
the Amsler grid, pediatric optotypes visual acuity test,
duochrome test, tests for color vision, contrast sensitivity,
OKN drum, pupil gauge, and the Worth 4 dot test. A quick
review of the iTunes Store and the Android Market shows
several free or low-cost downloadable eye test applica-
tions that have varying number of capabilities.

The Eye Handbook (Figure 3) also has applications
that can run calculators for visual acuity conversions, IOL
calculations, glaucoma risk, and amplitude of accommo-
dation. All of these can be particularly helpful, for
instance, when you are on call on a Friday night and
don’t have access to your usual resources and you need
to know an anterior chamber IOL power. 

This application also has a coding tool, which offers a

searchable index of Current Procedure Terminology,
International Classification of Diseases-9, and Evaluation
and Management codes. The Eye Handbook can be
downloaded via either iTunes Store or Android Market. 

Physician Education, Reference, and Efficiency Tools
The Eye Handbook provides various ophthalmology

atlases including fluorescein angiography, fundus 
autofluorescence and optical coherence tomography
(OCT) for the retinal specialist. American Academy of
Ophthalmology (AAO) Preferred Practice Patterns for the
subspecialties, and a link to the resources, such as the
EyeWiki, from the AAO are also available at your finger-
tips. There are tools available for differential diagnosis,
patient workups; media consent forms, and flashcards for
those studying for their board exams or maintenance of
recertification exams. 

The gFlashPro app by gWhiz allows users to down-
load cardsets from gWhiz or Google or to create custom
flashcards using Google spreadsheets. This app gener-
ates multiple-choice quizzes with random answers and
autoshuffles the cards for the user. AAO “Blink” quizzes
are also available on Eye Handbook, which is a great
resource case-based learning.

The Wills Eye Manual is available as an application that
is designed as a “go-to” resource for physicians on call or

Figure 1.  There are a variety of medical
applications that can be downloaded to
your smartphone. They vary from clinical
tools to physician and patient education to
practice marketing. 

Figure 2.  The Eye Handbook app offers
several different sections including clinical
calculators, vision testing charts, links to
journals, drug information, and eye atlases.

Figure 3.  A screen shot of the current sec-
tions located in the Eye Handbook app. 

Figure 4.  The OCT Browser app allows cli-
nicians to download images to the iPad
immediately after the patient has been
scanned. Images can be manipulated within
this application.

Figure 5.  The Retina.org app is designed
to act as a busy retina doctor's link to the
latest news in retina, clinical trials research,
and clinical conference information. 

Figure 5Figure 4
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Application

Diagnostic and treatment information; 
eye atlas; reference materials; patient and
physician education; calculators; and more

Diagnostic and treatment information; 
procedure appendices; reference materials;
drugs and treatment protocols

Drug information from the United States 
and Europe

Connects with EyeRoute Image Management
System (Topcon) and allows user to view
images via internet connection

Comprehensive update on all eye disorders;
over 100 color photos including OCT, FA, and
corneal topography; treatment information

Randomizable Snellen and tumbling E chart

Multiple Medication Reminders

Multiple Medication Reminders

Patient education materials; individual topics
within ophthalmology can be purchased 
separately depending on the needs of 
the physician

Access to all content of the PDR 

Allows 3D OCT images to be downloaded,
viewed, and sliced according to physician
preference

iPhone, Android, iPad,
iPod touch

iPhone, Android, iPad, 
iPod touch, BlackBerry,
Palm OS, Windows Mobile
Pocket PC, Windows
Mobile Smartphone,
Windows Tablet PC

iPhone, Android, iPad, 
iPod touch, BlackBerry,
Palm OS, Windows Mobile
Pocket PC, Windows
Mobile Smartphone,
Windows Tablet PC

iPhone, iPod touch, iPad

iPhone, Android, iPad, 
iPod touch, BlackBerry,
Palm OS, Windows Mobile
Pocket PC, Windows
Mobile Smartphone

iPhone, iPad

iPhone, iPad, iPod touch

Android

iPhone, iPad

iPhone, iPad, iPod touch,
BlackBerry, Palm OS, 
Windows Mobile Pocket
PC, Windows Mobile
Smartphone

iPad

Features Platforms What it costs

Eye Handbook

Wills Eye Manual

Drugs in
Ophthalmology

EyeRoute Mobile

Massachusetts 
Eye and Ear Infirmary
Illustrated Manual of
Ophthalmology

Eye ChartPro

Dosecast

Pillbox Alert

Sight Selector Lite

Physicians’ Desk
Reference 

OCT Browser

Free

$79.95

$44.95

$19.99

$74.95

Free

Free

$1.99

Free (eight cate-
gories are avail-
able for pur-
chase separate-
ly, ranging from
$4.99 to $14.99) 

$50.95 (1-year
subscription)

Free 
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in the office. This app offers images and the latest infor-
mation on diagnosis and treatment of all eye disorders. 

The OCT Browser (University of Pittsburgh) is a free
app that allows physicians to download 3-D OCT
images as soon as a patient is scanned (Figure 4). The
images can then be viewed on the iPad and the user
can manipulate the images as needed from their device. 

The Retina.org app (CDMiConnect, LLC) is designed
to act as a busy retina doctor’s link to the latest news in
retina, clinical trials research, and clinical conference
information (Figure 5). 

Patient Education Tools
Many of the above mentioned features of smart-

phone apps are also useful for patient education. When
explaining a condition to a patient and/or family mem-
bers, having these tools close at hand can be invalu-
able. Selected AAO patient education videos for age-
related macular degeneration, anti-vascular endothelial
growth factor (anti-VEGF) therapy, and diabetic
retinopathy, to name a few, are available on the Eye
Handbook. Eye Smart is a new patient education portal
available through the AAO, and is also available as a
direct link from Eye Handbook. 

There are also various medication reminder apps that
are available for patients on which multiple medicines
and schedules can be input. Your patient can input their
next anti-VEGF injection schedule to their smartphone
(or potentially an app) to remind them and the family
member to bring them to their next appointment.

Sight Selector Lite (Patient Education Concepts,
Inc./Eyeland Design Network GMbH) is an application
that is designed to help eye care professionals show
their patients eye anatomy (Figure 6) and how different
diseases affect their vision. Individual categories within

ophthalmology (eg, diabetic retinopathy, retinal detach-
ment) are downloadable to this app at varying costs. 

Branding and Marketing Tools
A new tool that has been developed by the company in

which I am a partner, Cloud Nine Development, LLC is the
Doctor App. Ten years ago, physicians did not know if they
needed a website, and if they had one, were confused on
what to do with it. In today’s world, however, if a clinician
does not have a website, he or she barely exists. In my
opinion, the same will soon be true with apps. A doctor
app (www.yourdoctorapp.com) allows the physician to cre-
ate a personalized module that lets patients see staff infor-
mation, the services that are provided, contact informa-
tion, patient education materials, patient testimonials,
videos, and many other useful information. The apps are
interactive in that they can be global positioning system-
enabled (Google maps), so that the user can find a physi-
cian's office with one click, or the app may include a fea-
ture allowing users to make an appointment with their
smartphone. The next generation apps will allow you to
connect with your patients in a secured HIPPA-compliant
environment. 

The Future
As technology progresses, we continually have more

information available at our fingertips. Learning how to
utilize the technology available is essential, particularly
in the field of medicine and, specifically retina, which is
constantly evolving at a fast and furious pace. As app
technology improves, so will our interactivity with our
colleagues and our patients. NRMD

Vinay A. Shah, MD 
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Figure 6.  Sight Selector Lite app is designed to help eye care
professionals show their patients eye anatomy and how different
diseases affect their vision.

SHARE YOUR FEEDBACK 

Would you like to comment on an

author’s article? Do you have an 

article topic to suggest? We would

like to hear from you. Please e-mail us

at NRMD@bmctoday.com with any

comments or questions you have

regarding this publication.

0711NRMD paginated  8/9/11  12:19 PM  Page 17



18 NEW RETINA MD . SUMMER 2011

W
e are all accustomed to
high-resolution imaging of
the neuro-sensory retina
with spectral-domain opti-
cal coherence tomography

(SD-OCT). Standard imaging modalities provide excellent
retinal detail from the internal limiting membrane to the
retinal pigment epithelium (RPE). However, how often do
we really examine the choroid with OCT? In reality, nearly
never with standard SD-OCT imaging modalities, mainly
because we are accustomed to not seeing discernable lay-
ers and boundaries within the choroid (Figure 1). Typically,
we have trained ourselves to ignore the choroidal signal or
to interpret this as artifact or an inherent limitation to the
technology.

Over the past few years, however, we have started to
hear about a new imaging modality called enhanced
depth imaging (EDI) with SD-OCT. This technique allows
for dramatic visualization of the choroid and identification
of blood vessels. Although this technology is still in its
infancy, EDI has the potential to unlock key interactions
between the retina and the choriocapillaris in a variety of
eye diseases. 

Evolution of EDI
The EDI technique was first described by Richard F.

Spaide, MD, of Vitreous Retina Macula Consultants of New
York in 2008. I asked him how the technique evolved and
he noted that while working with the photographers in his
office, he noticed that as an image was near the top of the
range, it would flip over, making the choroid and sclera
more visible. 

“That was hard to tell because I was not looking at an
averaged image,” said Dr. Spaide. “So, I had the photog-
raphers intentionally flip the image over and we averaged
it 100 times. At first, the technique was somewhat difficult
in that it was difficult for the photographers to maintain a
horizontal image. We have a very good group of photog-
raphers, however, and they adapted quickly. It took a little
more effort to figure out how that technique worked.”

There are several technical reasons why standard SD-
OCT does not allow for adequate resolution of choroidal
details that relate to the physics of these devices. First,
when the eye is illuminated and the backscattered light is
captured by the interferometer within the OCT unit, the
information about relative depth of an object is coded by a
frequency pattern. The deeper an object is on an image,
the more delay there is to capture the image on a frequen-
cy plot. The “zero-delay” line is a reference point set by
the software where the image capture is optimal. In stan-
dard OCT, the zero-delay line is typically at the vitreous-
inner retina junction, providing excellent resolution of reti-
nal details, but moving away from the zero-delay line
decreases the resolution from structures within the choroid
resulting in diminished choroidal detail. 

Second, as penetration depth increases, the detection
hardware within the OCT unit has decreased resolution
and signal strength, which cannot be fully compensated
for by the program software. Finally, the wavelength of
light used in an OCT system affects image resolution.
Shorter wavelengths provide good image detail, but limit
tissue penetration. Commonly used SD-OCT units utilize
800 nm-820 nm wavelengths that can produce signal scat-
ter at the RPE junction and deeper choroid. 1,040 nm OCT
units can more easily compensate for this, but are not
widely commercially available.

The EDI Technique
To compensate for these technical limitations, Spaide et

al1 described a technique by which the Spectralis SD-OCT
system (Heidelberg Engineering, Carlsbad, CA) was brought
slightly closer to the patient’s eye. In doing so, the zero
delay line was moved more posteriorly to the level of the
outer retina-RPE junction, producing an inverted image
where the outer choroid is at the top of the image and the
inner retina at the bottom and allowing for clearer identifica-
tion of choroidal details. Heidelberg has created an EDI
mode button, which allows for software directed capture of
an EDI image that is displayed in a traditional upright image
without having to move the unit closer to the eye (Figure 2).

Enhanced Depth Optical
Coherence Tomography

Break It Down

By Prithvi Mruthyunjaya, MD

Section Editor: Prithvi Mruthyunjaya, MD
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Manjunath et al2 reported on their experience with EDI
on the Cirrus (Carl Ziess Meditec, Dublin, CA) SD-OCT
platform. With modifications found in the manufacturer’s
version 4.5 software, a selective pixel-profiling algorithm
compensates for degraded signals posterior to the RPE.
The result is an upright image that can image through to
the outer choroidal junction (Figure 3).

Lin et al3 recently presented their data comparing
choroidal thickness measurements in healthy volunteers

using three commercially available systems (Spectralis,
Cirrus, and Bioptigen [Bioptigen Inc., Research Triangle
Park, NC]) with both upright and inverted imaging modes.
Their group found that Spectralis inverted, Spectralis EDI
mode, Bioptigen inverted, and Cirrus upright modes pro-
vided the greatest visualization of the outer choroid-scleral
junction. 

Observations With EDI
Early research has identified several interesting observa-

tions using the EDI technique in disease such as neovascu-
lar age-related macular degeneration (AMD), central
serous retinopathy (CSR), choroidal tumors, and in posteri-
or uveitis. In CSR, the choroid is noted to be significantly
thicker (Figure 4) than in normal eyes and in comparison to
eyes with neovascular AMD. This can be helpful in distin-
guishing cases of atypical CSR that are associated with
subretinal fluid from cases of neovascular AMD. When CSR
patients are subsequently treated with photodynamic ther-

Break It Down

Figure 1.  Standard SD-OCT image of a normal eye using the
Spectralis platform. Note the excellent retinal details, but loss
of discernible details from the choroid, just past the RPE layer.

Figure 2.  Enhanced depth imaging mode with Spectralis plat-
form on the same eye.  Retinal details are still retained, but now
signal penetration into the choroid is improved. Choroidal ves-
sel lumens are visible as is the choroid-scleral junction. 

Figure 3.  EDI imaging using Cirrus platform of same eye in
Figure 1. Excellent retinal details are seen as well as visualiza-
tion of structures within the choroid.
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apy, EDI imaging can demonstrate subsequent thinning of
the choroid in the region of treatment. 

Another novel observation using EDI is age-related
choroidal atrophy (Figure 5). Dr. Spaide described this as an
excessive thinning of the choroid that happens with age.4

“These individuals have very thin choroids, almost like
what is seen in myopes, except they are not myopic,” said
Dr. Spaide. “In some patients, the choroid can be thinner
than 50 µm. These patients have somewhat decreased
vision, difficulty driving at night, and they frequently com-
plain about difficulties with reading. Their visual acuity may
be in the 20/30 to 20/50 range, so it is sometimes is hard
to figure out why they are complaining so much until you
look at the choroid. Age-related choroidal atrophy is more
common than geographic atrophy.”

Low-height choroidal tumors, such as choroidal nevi,
choroidal hemangiomas, and small choroidal melanomas,
can be imaged with EDI techniques. Depending on the
pigmentation of these lesions, a clear boundary between
normal choroid and the lesion can be seen, typically with
the lesion demonstrating a hyporeflective core. 

In the near future, automatic segmentation and meas-
urement software will be integrated into commercially avail-
able units. As future studies validate the initial observations
with EDI imaging, this technique may become common-
place in the diagnosis and monitoring of complex retinal-
choroidal diseases. EDI may have utility in understanding
causes of vision loss in neovascular choroidal diseases and
may prove to be an important tool in evaluating treatment
outcomes for certain conditions. Until then, I suggest that
readers try this easy-to-perform technique and begin to
appreciate the under-viewed world of the choroid. NRMD
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500.
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Figure 4.  EDI image of a young female patient with CSR. Note
the pigment epithelial detachment and subretinal fluid. Of note,
the choroidal layer is engorged and significantly thicker than
normals. 

Figure 5.  Age-related choroidal atrophy is a condition identi-
fied through EDI imaging. Patients may have no evidence of
geographic atrophy or dry AMD but still have gradual vision
loss. Loss of choroidal thickness with decreased choriocapillaris
blood flow may impact on neurosensory retinal function. 

Figure 4        

Figure 5        
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T
he concept of diversification is
age old, and has even been
mentioned in the Bible and the
Talmud. It was the work of Harry
Markowitz, however, in the

1950s that resulted in a mathematical understanding of
how diversification (through a portfolio of uncorrelated
assets) may reduce risk (volatility) while at the same time
potentially increase expected returns. Professor
Markowitz explained how, given certain assumptions of
historical returns, volatility, and correlations of asset
classes, there is a way to optimize investment portfolios
by constructing an asset allocation that minimizes risk
for a target expected return. Similarly, he showed a way
to optimize the expected return for a target risk profile.
This work came to define modern portfolio theory and
Professor Markowitz subsequently was awarded the
Nobel Prize in Economics in 1990.

Diversification is a simple yet important concept, so
much so that our investment management professors at
business school used to say that diversification is the
only “free lunch” you get as an investor. That said, the
actual implementation of modern portfolio theory, asset
allocation, and diversification is complex and nuanced.

Asset allocation begins with dividing the capital mar-
kets into asset classes that have distinct expected return
and risk profiles and that are truly "uncorrelated." The
lower the correlation an asset class has to the rest of the
portfolio, the greater the benefit to the overall portfolio.
In addition, a comprehensive asset allocation strategy
should consider all investments including direct private
investments and loans, real estate, retirement assets,
insurance policies and even a physician's "human capi-
tal." For example, a physician’s income and how this
income may or may not be correlated to other invest-
ments should be considered when constructing an opti-
mized portfolio asset allocation.

The challenge that wealth managers have when
attempting to implement modern portfolio theory and

constructing a truly diversified asset allocation is: 1)
identifying the correct asset classes; 2) understanding
the actual investments used within each asset class; and
3) having access to truly uncorrelated assets. Finally,
once the asset classes and investments within each
asset class are determined and understood, perhaps the
greatest challenge is deciding the timing of when to
invest and redeem at the asset class level and when to
invest and redeem at the investment within each asset
class level.

Identifying Asset Classes
The challenge in identifying the actual asset classes is

that historical correlations do not always accurately pre-
dict future correlations (capital markets are dynamic) and
in times of distress (when you need uncorrelation of
assets the most), correlations of asset classes tend to
move to one and become more correlated than desired.
At a very high level, the asset classes we have identified
that have historically distinct characteristics as outlined
above are cash, high-quality fixed income, high-yield
fixed income, US equity, non-US developed equity, non-
US developing equity, commodities, real estate, private
equity and hedge funds. Again, this is a very high level
sketch and there is constant debate about whether the
capital markets should be divided by geography, invest-
ment style (growth vs value), capitalization (small vs large
cap), capital structure (fixed income vs equities) or by
other factors such as fee structure or liquidity. Needless
to say, relying on historical data is not sufficient; rather, a
sophisticated and deep understanding of the capital mar-
kets, macro economics and each asset class is required to
implement an effective asset allocation strategy.

Portfolio 
Diversification 

By Eugene W. Ng, MD, MBA; and Gog Booswang, CFA

Section Editor: Eugene W. Ng, MD, MBA

Diversification is a simple 

yet important concept.
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Investments Used With Each Asset Class
Once the asset classes are defined, the investment

vehicle used to represent each asset class is an equally
important piece of an effective asset allocation strategy.
Whether it is a passive strategy via an exchange-traded
fund or index fund, or an active strategy via a separate
account, mutual fund, structured note, or limited part-
nership, truly understanding what is "under the hood"
of each investment is imperative—many times, underly-
ing components to a strategy are not obvious.

Having Access
Alternative investments (private equity and hedge

funds) are complex investment vehicles that if used
appropriately, may have beneficial investment charac-
teristics that would enhance the risk/reward profile of a
diversified investment portfolio. Understanding these
investments takes a very high level of sophistication
and importantly, most wealth managers do not even
have access to these type of investments. (Within alter-
native investments, access to top quartile managers is
paramount, as the delta between top and bottom quar-
tile managers is widest within this asset class when
compared to other asset classes).

Thus, the theory of improving investment portfolios
through diversification and building an asset allocation
of uncorrelated assets is simple enough, but the actual
implementation of modern portfolio theory is more
nuanced and requires a high level of investment sophis-
tication. This is where the expertise of a wealth manag-
er becomes invaluable. NRMD
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