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Important Safety Information – TECNIS® Multifocal IOL

Caution: Federal law restricts this device to sale by or on the order of a 
physician.

Indications: TECNIS® Multifocal intraocular lenses are indicated for primary 
implantation for the visual correction of aphakia in adult patients with and 
without presbyopia in whom a cataractous lens has been removed by 
phacoemulsification and who desire near, intermediate and distance vision 
with increased spectacle independence. The intraocular lenses are intended 
to be placed in the capsular bag.

Warnings: Physicians considering lens implantation under any of the 
conditions described in the Directions for Use labeling should weigh the 
potential risk/benefit ratio prior to implanting a lens. Some visual effects 
associated with multifocal IOLs may be expected because of the superposition 
of focused and unfocused images. These may include a perception of halos/
glare around lights under nighttime conditions. It is expected that, in a small 
percentage of patients, the observation of such phenomena will be annoying 
and may be perceived as a hindrance, particularly in low-illumination 
conditions. On rare occasions, these visual effects may be significant 
enough that the patient will request removal of the multifocal IOL. Under 
low-contrast conditions, contrast sensitivity is reduced with a multifocal lens 
compared with a monofocal lens. Therefore, patients with multifocal lenses 
should exercise caution when driving at night or in poor-visibility conditions. 
Patients with a predicted postoperative astigmatism >1.0D may not be 
suitable candidates for multifocal IOL implantation since they may not fully 
benefit from a multifocal IOL in terms of potential spectacle independence.

Precautions: The central one millimeter area of the lens creates a far image 
focus; therefore, patients with abnormally small pupils (~1 mm) should 
achieve, at a minimum, the prescribed distance vision under photopic 
conditions; however, because this multifocal design has not been tested in 
patients with abnormally small pupils, it is unclear whether such patients 
will derive any near vision benefit. Autorefractors may not provide optimal 
postoperative refraction of multifocal patients; manual refraction is strongly 
recommended. In contact lens wearers, surgeons should establish corneal 
stability without contact lenses prior to determining IOL power. Care should 
be taken when performing wavefront measurements, as two different 
wavefronts are produced (one will be in focus (either far or near) and 
the other will be out of focus); therefore, incorrect interpretation of the 
wavefront measurements is possible. The long-term effects of intraocular 
lens implantation have not been determined; therefore, implant patients 
should be monitored postoperatively on a regular basis. Secondary glaucoma 
has been reported occasionally in patients with controlled glaucoma who 
received lens implants. The intraocular pressure of implant patients with 
glaucoma should be carefully monitored postoperatively. Do not resterilize or 
autoclave. Use only sterile irrigating solutions such as balanced salt solution 
or sterile normal saline. Do not store in direct sunlight or at temperatures 
over 45°C. Emmetropia should be targeted, as this lens is designed for 
optimum visual performance when emmetropia is achieved. Care should be 
taken to achieve centration.

Adverse events: The most frequently reported adverse event that occurred 
during the clinical trial of the TECNIS® Multifocal lens was macular edema, 
which occurred at a rate of 2.6%. Other reported reactions, occurring in 
0.3% –1.2% of patients, were hypopyon, endophthalmitis and secondary 
surgical intervention (including biometry error, retinal repair, iris prolapse/
wound repair, trabeculectomy, lens repositioning and patient dissatisfaction).

Attention: Reference the Directions for Use for a complete listing of 
indications, warnings and precautions.
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New results from a prospective clinical 
trial conducted in France show that 
children with low-risk retinoblastoma 
do not need postoperative (adjuvant) 
chemotherapy to prevent disease 
recurrence or metastasis; the results 
also suggest that certain patients 
with intermediate-risk disease can 
receive less aggressive adjuvant 
treatment, or perhaps forego it 
altogether. Avoiding chemotherapy 
spares patients from treatment side 
effects and long-term health risks, 
such as cardiovascular disease and 
development of a second cancer.

Retinoblastoma accounts for 3 
percent of all cancers diagnosed in 
children under the age of 15. An esti-
mated 300 cases of retinoblastoma will 
be diagnosed in the United States this 
year, most before the age of fi ve years. 
About two-thirds of children with reti-
noblastoma have unilateral disease. In 
developed countries, this type of dis-
ease is typically detected around two 
years of age. More than 95 percent 
of such patients are cured by surgical 
removal of the affected eyeball, with 
eyesight preserved in the other eye. 
However, some patients remain at risk 
of disease spreading and recurrence.

To estimate the risk of disease recur-
rence and metastasis, doctors examine 
the surgically removed eye under a 
microscope and classify the tumor as 
either low-, intermediate- or high-risk. 
All patients whose tumors are consid-
ered high-risk receive intensive post-
operative chemotherapy and radiation 
therapy. There is no consensus, how-
ever, on the need for adjuvant therapy 

and the optimal treatment approach 
for patients in the other two risk cat-
egories. Therefore, protocols for ad-
juvant chemotherapy use in these pa-
tient groups have varied widely.

“Our study confi rms that it is not 
necessary to give adjuvant treatment 
to many children with unilateral reti-
noblastoma,” said lead study author 
Isabelle Aerts, MD, a pediatric oncol-
ogist at Institut Curie in Paris, France. 
“I think that our results will help estab-
lish the standard of care for such pa-
tients, reducing variations in postop-
erative chemotherapy protocols.”

In the study, 123 patients with uni-
lateral, non-hereditary retinoblastoma 
were assigned to one of three risk 
groups according to previously es-
tablished criteria. The median age at 
the time of eye removal surgery was 
23 months. The 70 patients with low-
risk disease received no postoperative 
chemotherapy; the 52 patients with 
intermediate-risk disease received 
four courses of adjuvant chemothera-
py (etoposide, carboplatin, vincristine, 
cyclophosphamide), and the only pa-
tient with high-risk disease received six 
courses of high-dose adjuvant therapy 
(etoposide, carboplatin, thiotepa, vin-
cristine and cyclophosphamide).

At a median follow-up period of 71 
months, all patients were alive. None 
of the patients experienced disease 
worsening, relapse, distant metastasis 
or secondary cancers. The adjuvant 
chemotherapy was safe overall. These 
data confi rm that the specifi c regimens 
administered in this study, which are 
already being used around the world, 

are very effective and safe.
The excellent outcomes observed in 

this study confi rm it is safe for patients 
with low-risk disease to go without ad-
juvant therapy and suggest that it may 
be safe to reduce the intensity of or 
even eliminate adjuvant chemothera-
py in some patients with intermediate-
risk disease, specifi cally those with a 
risk feature known as isolated choroi-
dal invasion—spreading of tumor cells 
to the layer of blood vessels and con-
nective tissue at the back of the eye. 
However, more research is needed to 
establish clinical criteria for identifying 
such patients. As all patients were alive 
at the end of the follow-up period, it is 
not clear whether adjuvant treatment 
played a vital role, or if surgery would 
have been suffi cient.

Dr. Aerts and her research team 
have recently launched a new study 
to confi rm these results and also 
determine if treatment could be 
reduced in some patients in the 
intermediate-risk category. In this 
ongoing study, patients with inter-
mediate-risk disease and isolated 
choroidal invasion are being treated 
with only two cycles of adjuvant che-
motherapy.

Genetic Risk
Factors for AMD 
Come into Focus
An international group of investigators has 
identifi ed seven new genetic regions 
associated with age-related macular 

Study May Allow Less Aggressive 
Retinoblastoma Chemotherapy
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degeneration. The fi ndings, reported 
online March 3 in Nature Genetics, 
could point to new biological pathways 
and therapeutic targets for AMD. 

The AMD Gene Consortium, a net-
work of 18 research groups supported 
by the National Eye Institute, also 
confi rmed 12 genetic loci identifi ed in 
previous studies. The study represents 
the most comprehensive genome-wide 
analysis of genetic variations associated 
with AMD. 

The consortium’s efforts have now 
explained up to 65 percent of the ge-
netics of AMD, said Jonathan Haines, 
PhD, director of the Vanderbilt Center 
for Human Genetics Research. 

In addition to genetic causes, which 
may account for about half of all cas-
es of AMD, risk factors include age, 
smoking, high blood pressure, obe-
sity and diet. “We’re getting closer and 
closer to understanding the full list of 
risk factors for AMD,” said Dr. Haines, 
one of the lead authors of the study 
and principal investigator of the coor-
dinating center for the consortium. 

Dr. Haines and others discovered 
the fi rst genetic risk factor for AMD 
in 2005—Complement Factor H, 
which is involved in infl ammatory 
signaling pathways. Since then, re-
searchers have identifi ed a number 
of other genetic loci associated with 
AMD, but the studies usually in-
volved small numbers of individuals. 

“It was very clear that if we wanted 
to make real progress in understand-
ing the genetics of AMD, we needed 
to pull all of these various datasets 
together—which is what the AMD 
Gene Consortium has done,” Dr. 
Haines said. 

A strength of the AMD Gene Con-
sortium, Dr. Haines noted, is the par-
ticipation of groups from all over the 
world. The consortium combined ex-
isting genome-wide association scans 
and performed additional genotyping 
studies. The researchers examined ge-
netic data from more than 17,000 pa-
tients with advanced AMD and more 
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than 60,000 people without AMD. 
The loci they identifi ed include 

genes involved in immune system 
signaling, lipid metabolism, remod-
eling of the matrix that surrounds 
cells and blood vessel development. 
The researchers are continuing 
to study the genetic regions, Dr. 
Haines said. 

“This paper is a global population 
look at genetic loci, and now we’re 
drilling down to the details and dis-
covering rare variants in genes that 
may suggest how they participate in 
causing AMD,” Dr. Haines said. 

The hope, he said, is that a full 
understanding of genetic and envi-
ronmental risk factors will allow the 
computation of an AMD risk score. 
Several companies already offer tests 
that generate risk scores, but they 
are based on older information. 

“If we can identify the people 
who are at greatly increased risk 
for AMD, perhaps we can begin to 
do clinical trials to test treatments 
that may prevent the disease,” Dr. 
Haines said. 

Study IDs New 
Myopia Genetic 
Associations
The largest ever genome-wide association 
study on myopia has identifi ed 20 
new genetic associations for the 
condition. The study, which was 
specifi c to individuals of European 
ancestry, also replicated two known 
associations. The study included 
an analysis of genetic data and 
survey responses from more than 
50,000 customers of 23andMe, a 
personal genetics company, and 
demonstrates that the genetic basis 
of myopia is complex and affected 
by multiple genes. 

In the United States, an estimated 
30 to 40 percent of the adult popula-
tion is myopic.

The study, “Genome-Wide Analy-
sis Points to Roles for Extracellular 
Matrix Remodeling, the Visual Cy-
cle, and Neuronal Development in 
Myopia” was published on February 
28, 2013 in PLOS Genetics. 

Although environmental factors 
(such as level of education, outdoor 
exposure, reading and near work) 
are implicated in the development of 
myopia, it is well-established that ge-
netics plays a substantial role as well. 
The identifi cation of these 20 novel 
genetic associations shows that sev-
eral new genetic pathways play a role 
in the development of human myo-
pia, including extracellular remodel-
ing, the visual cycle, eye and body 
growth, retinal neuron development 
and general neuronal development 
or signaling.

“This study highlights the poten-
tial importance of early neuronal 
development in the progression of 
myopia and opens the door for ad-
ditional research into the complex 
interactions that underlie vision de-
velopment,” said Nicholas Eriksson, 
PhD, author and 23andMe principal 
scientist. Based on the fi ndings of 
this study, the company has launched 
a new research survey designed to 
provide insights that may expand un-
derstanding of the genetics of eye-
sight more broadly. 

Retinal Cell Death 
Plays Key Role in
Circadian Cycles
A Johns Hopkins University team 
has found that there is a kind of 
turf war going on in the retina, 
where intrinsically photosensitive 
retinal ganglion cells (ipRGCs) are 
jockeying for the best position to 
receive information from rod and 
cone cells about light levels. By 
studying these specialized cells in 
mice, the researchers found that the 

cells actually kill each other to seize 
more space and fi nd the best position 
to do their job.

The work could have implications 
for several conditions, including au-
tism and some psychiatric disorders, 
where neural circuits infl uence our 
behavior. “In a nutshell, death in our 
retina plays a vital role in assembling 
the retinal circuits that infl uence 
crucial physiological functions such 
as circadian rhythms and sleep-wake 
cycles,” said Samer Hattar, PhD, 
an associate professor of biology in 
the Krieger School of Arts and Sci-
ences. “Once we have a greater un-
derstanding of the circuit formation 
underlying all of our neuronal abili-
ties, this could be applied to any 
neurological function.”

Dr. Hattar and his team deter-
mined that without this cell death, 
circadian blindness overcame the 
mice, who could no longer distin-
guish day from night. The mice were 
genetically modifi ed to prevent cell 
death by removing the Bax protein, 
an essential factor for cell death to 
occur. The team discovered that if 
cell death is prevented, ipRGCs dis-
tribution is highly affected, leading 
the surplus cells to bunch up and 
form ineffectual clumps incapable 
of receiving light information from 
rods and cones for the alignment of 
circadian rhythms. To detect this, 
the researchers used wheel running 
activity measurements in mice that 
lacked the Bax protein as well as the 
melanopsin protein, which allows 
ipRGCs to respond only through 
rods and cones and compared this to 
animals where only the Bax gene was 
deleted.

The authors said that when death 
is prevented, the ability of rods and 
cones to signal light to our internal 
clocks is highly impaired. This shows 
that cell death plays an essential role 
in setting the circuitry that allows the 
retinal rods and cones to infl uence our 
circadian rhythms and sleep.  
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Femtosecond Cataract in the Real World
By Christopher Kent, Senior Editor
Some surgeons who have chosen to invest in this 
technology share their experiences to date.

Femtosecond AK: How to Make the Cut
By Walter Bethke, Managing Editor
Precise cuts and the ability to titrate their effect 
postop are two benefits of this new technology.

The New Rules on Industry/MD Payments
By Michelle Stephenson, Contributing Editor
A look at the need for and potential impact of 
new reporting requirements on physician
financial relationships with industry.

Meet the Challenges of Vasculitic PUK
by Sohrab Tofigh, MD, and Manuj Kapur, MD
Patients with peripheral ulcerative keratitis need 
urgent attention—proper and timely
intervention in many cases can save their lives.

The Start-up: From Dream to Reality
by William C. Stewart, MD,
Jeanette A. Stewart, RN, and Lindsay A. Nelson
For surgeons and others who contemplate
bringing a new ophthalmic product to market, 
some lessons from the front lines.

New Directions in Regenerative Medicine
by David J. Calkins, PhD
Deciphering the causes of glaucoma, macular 
degeneration and other neurodegenerative eye 
conditions.
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Rightly or wrongly, one of the common 
complaints about the government-
led effort to reform our health-care 
system, from both providers and 
patients, is the perception of a top-
down approach, something forced 
upon us. An interesting contribution 
in the March 20 JAMA proposes an 
alternative: clinician-led innovation.1

The authors note that the phe-
nomenon of user-led innovation has 
gained acceptance in industries from  
kite-surfi ng to mountain bikes and in 
large companies such as 3M. They 
relate successful technology devel-
opment programs in which a “small 
but signifi cant percentage of users” 
make innovative additions to prod-
ucts and services to better suit their 
needs. “Strategies from industry, 
such as innovation challenges and 
‘crowd sourcing,’ further enhance 
development of new ideas,” they 
write.

It’s generally agreed that cata-
ract surgery has not seen such a 
potentially transformative technol-
ogy as femtosecond-assisted cata-
ract surgery since the introduction 
of phacoemulsifi cation, one of the 
technologies femto cataract is de-
signed to supplant. But while phaco 
also had its doubters, femto cataract 
faces a far more diffi cult climb to 
mainstream acceptance. The reality 
is that the two major hurdles—the 
$500,000 price of admission and the 
demonstration of true clinical bene-
fi t—will only be answered with time 
and data.

But, as it has throughout its his-
tory, ophthalmology is showing itself 

to be well-versed in the concept of 
user-led innovation.

It’s still pretty tough to get much 
of a “crowd” of users together at this 
point, but we’ve done our best this 
month with our cover story on femto 
cataract (p. 22).

Predictably, the sources include 
the usual trailblazers and early adopt-
ers. Their experiences and  perspec-
tives are invaluable, but for most sur-
geons there will always remain some 
reluctance to dive into the deep end. 
I hope that we’ve balanced that out 
with some other users who, like most 
of the profession, went into this with 
their skepticism on full alert.

On the whole, I’d say their re-
sults—and our article—came out 
better than I expected. It won’t 
change your mind, but that wasn’t its 
intent.

It’s meant to report the latest ex-
ample of something that ophthal-
mology has always been good at: 
breaking a new technology down, 
identifying what works, improving 
what can be changed and replacing 
what can’t. User-led innovation is an 
old-fashioned concept in these parts.

1. JAMA March 20, 2013—Vol. 309, No. 11:1113
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The Calhoun Vision Light-adjustable 
Lens is one of the more eagerly 

anticipated technologies in ophthal-
mology, holding out the hope of being 
able to adjust a patient’s intraocular 
lens postoperatively in response to any 
residual refractive error. As the LAL 
investigations for postop adjustments 
proceeded, however, researchers dis-
covered that the adjustment process 
might also be able to craft a lens that 
could go beyond correcting refractive 
“surprises” and actually treat presby-
opia. With the lens poised to enter its 
Phase III trial in the United States, 
here’s a look at the technology and how 
it’s performing as a presbyopic treat-
ment.

Making the Adjustment

The LAL is a silicone lens with 
two C-PMMA haptics. However, the 
silicone macromers that are homo-
geneously distributed throughout the 
lens are photosensitive to the near-
ultraviolet wavelength of energy. As 
such, when energy of this wavelength 
strikes the lens in specifi c patterns, it 
changes the distribution of the mac-
romers and, subsequently, the refrac-

tive power of the lens. To induce a 
myopic adjustment, for instance, the 
pattern puts more energy in the pe-
riphery of the lens, and vice versa for 
a hyperopic adjustment. A cylindrical 
adjustment is also possible. Once the 
surgeon feels the lens has been made 
as accurate as possible, a fi nal irradia-
tion step locks in the power change. 
According to Arturo Chayet, MD, who 
practices in Tijuana, Mexico, and has 
worked with the lens, the range of cor-
rection is ±2 D for sphere and 2.5 D 
for astigmatism at the spectacle plane.

In terms of results, a recent pro-
spective study looked at 122 cataract 
patients receiving the LAL. Their 
pre-adjustment residual errors of 0.96 
±0.85 D of sphere and -0.98 ±0.5 D of 
cylinder were corrected and remained 
stable for 18 months of follow-up, the 
surgeons say. Post-adjustment, 100 
percent of the patients were within
0.5 D of emmetropia, with an average 
fi nal refraction of 0.03 ±0.17 D.1

Addressing Presbyopia

Surgeons working with the lens say it 
offers three approaches to presbyopia.

“The fi rst approach is monovision,” 

says Dr. Chayet. “In general, for a pa-
tient to be satisfi ed with monovision, 
you really need to get the dominant 
eye to 20/20 for distance, and I think 
this technology gives you the best 
chance to do this. You then have to ad-
just the lens so the non-dominant eye 
is -1 D, and the patient then has about 
two to three weeks to see if he likes it 
before locking it in. If he doesn’t like 
it, we can bring the eye to emmetropia 
with an adjustment.

“The second presbyopia solution is 
the so-called customized near add,” 
Dr. Chayet continues. “With the CNA, 
you set the dominant eye for distance, 
but then customize the non-dominant 
eye based on the patient’s visual needs 
and occupation. You can also custom-
ize it to the size of the pupil. For in-
stance, in some cases, a patient may 
have smaller mesopic pupils, so you 
should then do a smaller treatment, 
making sure that he’s got most of the 
near vision at all times. You just change 
the size of the treatment zone.”

The third approach to presbyopia 
available to the LAL is a customized 
aspheric treatment, and makes more 
use of the near-ultraviolet illumina-
tion’s ability to fi ne-tune the shape of 

Walter Bethke, Managing Editor

An update on the latest presbyopic treatment options being 
explored with the innovative Light-adjustable Lens.

An Adjustable
Option for Presbyopia
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the lens. Pablo Artal, PhD, of the Uni-
versity of Murcia in Spain, helped de-
velop the light patterns used with the 
LAL, including the aspheric treatment. 
He says the surgeon he works with, 
Jose Maria Marin, MD, has performed 
50 aspheric treatments on presbyopes 
to date. “With a clever type of irra-
diation profi le, you can induce aber-
rations in the lens, including spherical 
aberration,” Dr. Artal explains. “It’s 
well-known that if you induce spheri-
cal aberration in any optical system, 
you increase the depth of focus and, 
as a consequence, you get some in-
termediate or near vision. Typically, 
this involves a compromise where the 
distance vision is reduced a little. The 
good thing with the adjustable lens, 
though, is you can select the amount 
of spherical aberration for a particular 
patient. So, you can explore this with 
the patient before treatment.

“We use a prototype of an instru-
ment called the Rapid Optics Ana-
lyzer [Voptica],” Dr. Artal adds. “The 
ROA allows the patient to experience 
the same amount of spherical aberra-
tion as he’d receive in the lens and say 
whether he likes it or not. We basically 
ask the patient to select the amount of 
spherical aberration he’d be comfort-
able with. Once we get this value, this 
is our target for the adjustable lens.” In 
practice, one eye is usually optimized 
for distance vision while the other gets 
the spherical aberration profi le. “So, 

it’s a type of modifi ed monovision in 
a way,” says Dr. Artal. He says the av-
erage spherical aberration target for 
the presbyopes who have received this 
treatment is -0.12 µm for a 4-mm pu-
pil. “Though there is some variabil-
ity, of course, most patients maintain 
20/20 distance acuity,” Dr. Artal says. 
“For near vision, at 40 cm most get J1, 
a very typical result. At 30 cm, maybe 
J2 or worse, and then J1+ for 60 cm, all 
measured binocularly.”

The potential issues with the aspher-
ic treatment involve contrast sensitivity, 
stereoacuity and the timing of the pro-
cedure. “When you extend the depth 
of focus, there is some contrast reduc-
tion,” says Dr. Artal. “Of course, it’s not 
important for high-contrast types of 
testing, but can be in some monocular 
cases. We tried to optimize contrast by 
testing subjects with low-contrast let-
ters or images, to fi nd a value of spheri-
cal aberration that doesn’t decrease 
contrast sensitivity too much. Also, re-
member that we do these procedures 
so that one eye is pretty much opti-
mized, so the binocular measurements 
are OK with no signifi cant degradation 
in contrast, though you could probably 
measure some contrast degredation in 
some cases.

“We didn’t measure stereoacuity 
very systematically,” Dr. Artal contin-
ues. “But it would involve more or less 
the same type of stereoacuity issues 
as you’d find in a micro-monovision 

type of surgery. Here, it’s a little bit 
less than in micro-monovision because 
the disparity between the two images 
is smaller. We haven’t had any major 
complaints from patients so far.

Finally, the timing of the procedures 
has the potential to be a challenge for 
some patients. “The process is, fi rst, 
you do the standard surgery, then wait 
about 10 days to two weeks,” explains 
Dr. Artal. “Then you go through the 
fi rst light adjustment to correct sphere 
and cylinder. You can then eventually 
have a second adjustment to those val-
ues to refi ne them. However, if they’re 
OK, you can just have the secondary 
aspheric adjustment. That’s one of the 
main practical issues of this technology.

“Though I like it very much and see 
a lot of potential, one of the problems 
right now is, for one eye you need at 
least four visits for treatment in addi-
tion to the standard surgery, so it’s kind 
of demanding,” adds Dr. Artal. “Pa-
tients also have to wear sunglasses for 
about three weeks during the process, 
sometimes longer. And, in order to 
get good results, it’s not only about the 
treatment, but you need to do a good 
job with all the refractive analyses. If 
you get an inaccurate initial refrac-
tion, everything is going to be wrong. 
Calhoun Vision is trying to reduce the 
process to one lock-in step instead of 
two, which should eliminate one visit, 
since up until now we’ve been doing 
two light treatments and two lock-ins. 
However, I don’t think it would be pos-
sible to reduce it to less than three if 
you’re also doing an aspheric treat-
ment. Of course, if you’re only doing 
a refractive correction, then you can 
have two visits—one light treatment 
and one lock-in. That would be the 
minimum.”  

Drs. Chayet and Artal are consul-
tants to Calhoun Vision, and Dr. Artal 
is the founder of Voptica.

1. Hengerer F, Dick H, Conrad-Hengerer I. Clinical evaluation of 
an ultraviolet light adjustable intraocular lens implanted after 
cataract removal. Ophthalmology 2011;118:12:2382-8.

The aspheric treatment with the Light-adjustable Lens takes the presbyopic eye (left) and 
induces negative spherical aberration (right) to increase depth of fi eld.

Pablo Artal, PhD
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Q Which agencies should 
we be concerned with 

that may be scrutinizing our 
documentation and coding?

A In addition to your local Medi-
care Administrative Contrac-

tor, there are several governmental 
agencies conducting reviews of docu-
mentation and coding issues. They 
include: 

•  Offi ce of Inspector General;
•  Recovery Audit Contractors;
•  Medicare Secondary Payer 
Recovery Contractor;
•  Zone Program Integrity 
Contractors; and
•  Program Safeguard Contractors.

Q Is there a listing of 
which issues are 

being scrutinized by these 
organizations? 

A Yes. Every fall, the OIG publishes 
a work plan that provides a 

detailed description of areas of focus 
for the coming year. Its report is 
public information and posted on its 
website at https://oig.hhs.gov. OIG 
also publishes a mid-year report to 
Congress, also on the website. 

The RACs are required to publish 
the issues under review on their re-

spective websites; they are unique to 
each RAC. Check your RAC website 
to determine what the targets of focus 
in your locale are. 

QWhat are some areas of 
scrutiny that I can self-

audit or advise my staff 
to be particularly 
cognizant of?

A Place of service errors 
have been on the OIG’s 

work plan for the past three 
years and are an issue on 
several RAC websites. This 
is easily audited internally 
by confirming that the 
place of service on 
the submitted claim 
is accurate. Claims 
may be overpaid 
if reported as place of 
service office when the 
service was provided in the 
ambulatory surgery center or 
hospital outpatient department. 

Beware of practice manage-
ment systems that default to place 
of service office (11). If data entry 
does not change this to POS ASC (24) 
or HOPD (22) for a laser or other 
surgery performed in the ASC or 
HOPD, an overpayment may result. 

Q Are drug payments to 
physicians still a concern 

for ophthalmologists and, if 
so, what steps can we take to 
improve compliance? 

A The continued increase 
in injectable drugs to 

treat various retinal condi-
tions keeps the drug pay-
ment topic on the target 
list for scrutiny. Creat-
ing an inventory control 
system to track the use 
of injectable drugs 
can be useful as a 
means of improving 

compliance. It is im-
portant to be  sure that 

amounts used and wasted 
(if any) are noted on the 

operative report.

Q If I own 
an optical 

dispensary 
and fi le 
claims for 

post-cataract 
eyeglasses, are 

there specifi c issues that 
involve this component of my 
practice?

Considerations to keep in mind as practices face continued 
charting and documentation scrutiny from government agencies.

Identifying Charting 
And Coding Risks
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A The OIG does intend to increase 
its onsite inspections for those 

revalidating supplier numbers. The 
primary focus of this effort is to fi nd 
those individuals seeking a supplier 
number for a business that may not 
truly exist. 

Q If my optical shop is 
inspected, are there 

common errors made on 
post-cataract eyeglass 
claims that could jeopardize 
my reimbursement and re-
enrollment? 

A Claim errors can be common in 
optical shops. For example, the 

POS on an optical claim is usually 
home (12), never offi ce (11). The date 
of service on an optical claim is the 
date the eyeglasses are delivered, not 
ordered. There are also several forms 
that patients must sign and receive to 
maintain compliance. The absence 
of these forms could jeopardize your 
supplier number. 

Q Are there any 
documentation issues 

associated with diagnostic 
tests that could be viewed 
unfavorably by these agencies 
or any third-party payer audit?

A Yes, there are some documen-
tation issues that you should 

be aware of. Diagnostic test inter-
pretations should have substantive 
data. The Medicare Claims Process-
ing Manual, as it relates to a test in-
terpretation and report, states: “For 
example, a notation in the medical 
records saying ‘fx tibia’ or ‘EKG-nor-
mal’ would not suffi ce as a separately 
payable interpretation and report of 
the procedure and should be consid-
ered a review of the fi ndings payable 
through the E/M code. An ‘interpre-
tation and report’ should address the 
fi ndings, relevant clinical issues, and 
comparative data (when available).” 

Q As we transition to 
electronic medical 

records, are there “red fl ags” 
that we should consider?

A Yes. The OIG is concerned 
about potential overpayments 

for offi ce visits documented on elec-
tronic health records. The work plan 
states: “We will also review multiple 
E/M services for the same provid-
ers and benefi ciaries to identify elec-
tronic health records documentation 
practices associated with potentially 
improper payments. Medicare con-
tractors have noted an increased fre-
quency of medical records with iden-
tical documentation across services. 
Medicare requires providers to select 
the code for the service on the basis 
of the content of the service and have 
documentation to support the level of 
service reported.”

Q Are any surgical services 
under the microscope for 

these agencies?

A The OIG has been watching and 
investigating services provided 

during the global surgery time frame 
and submitted with modifi ers for re-
imbursement purposes. Of particular 
interest in ophthalmology is the use 
of modifi er 25. This modifi er is used 
to identify a “separately identifi able 
offi ce visit” on the day of a minor pro-
cedure (e.g., punctal occlusion with 
plugs, foreign body removal, intravit-
real injection). Reviews have revealed 
that, in many situations, a claim for 
the office visit is unwarranted and 
documentation does not support the 
use of modifi er 25. 

QWhat steps can we take 
over time to mitigate our 

concerns about these and 
other targeted issues?

A There are many steps you can 
take, including keeping in-

formed about the issues. Much of 
the information about what is being 
targeted is public information and 
can be found on various government 
websites. Conducting regular chart 
reviews (internal and external), with 
a focus on the target areas, as well as 
services where you may have a higher 
frequency than your peers, can also 
help to insure compliance with new 
regulations.

Q Is this scrutiny likely to 
diminish over time?

ANo. In 2011, under new rules 
authorized by the Affordable 

Care Act, the Centers for Medicare 
& Medicaid Services launched a new 
initiative called the CMS Fraud Pre-
vention Initiative. In its announce-
ment of this initiative, CMS said it 
aims to:

• keep individuals and companies 
that intend to defraud Medicare, 
Medicaid and CHIP out of these 
programs in the fi rst place;
• avoid payment of fraudulent 
claims when they are submitted; 
and
• remove fraudulent individuals 
and companies from federal health 
care programs if they do get in.  
CMS is “mindful of striking the 

right balance between preventing 
fraud and other improper payments 
and maintaining the timely delivery 
of critical health care services 
to beneficiaries.” As such, CMS 
will continue working to “ensure 
that correct payments are made to 
legitimate providers for covered 
appropriate and reasonable health 
care services.”

Providers can learn more about 
fraud and submitting proper paper-
work at www.stopmedicarefraud.gov/
forproviders/index.html.  

Ms. McCune is vice pres ident of the 
Cor coran Con sult ing Group. Con tact 
her at DMcCune@corcoranccg.com.
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Femtosecond Cataract

Femtosecond laser cataract sur-
gery has become one of the 
most controversial technologies 

to come along in years. The reason 
for the controversy is no mystery: The 
new systems cost about a half million 
dollars, and it’s not yet clear that the 
benefi ts are worth the investment.

Although the technology is still in 
the early adopter phase, a number of 
surgeons have now been using these 
systems for as long as two years, and 
nothing makes the value of something 
as clear as real-world, hands-on expe-
rience. Here, six surgeons share their 
reasons for taking the plunge, their 
experiences using the technology and 
their current thoughts on whether the 
investment was worthwhile.

Deciding to Buy

Two factors seem to make surgeons 
receptive to becoming early adopters 
of this technology: an ongoing inter-
est in offering advanced options to 
patients, (usually including premium 
IOLs), and previous experience with 
femtosecond technology.

Barbara Bowers, MD, owner and 
medical director at Barbara Bowers 
MD PLLC & Paducah LASIK Center 
in Paducah, Ky., and assistant profes-
sor of ophthalmology at the Univer-
sity of Louisville, has been successful 

at converting appropriate patients to 
premium IOLs, so when femtosecond 
cataract technology came out, she was 
interested. “I read everything written 
about it,” she says. “I thought, ‘I’m a 
pretty good surgeon; I don’t know that 
this will make me that much better.’ 
On the other hand, I realized that it 
might be valuable to make perfectly 
round, perfectly sized capsulorhexes. 
Perhaps more important, the ability 
to do LRIs with great precision with 
the help of OCT was a selling point. 
I have patients who want multifocals 
but have so much astigmatism that I 
don’t feel I can correct it manually. 
With this laser, I can. That was what 
really got me interested.”

Dr. Bowers says she was very com-
fortable with the new system from 
the start. “I’ve used a number of 
femtosecond lasers, and the one we 
purchased for cataract is the easiest 
one I’ve ever used,” she says. “On the 
other hand, somebody who has never 
made a LASIK fl ap with a laser—who 
has never put an interface down on 
a patient’s eye and turned the suc-
tion on and worried about how long 
the suction will be on, how high the 
pressure is and whether the patient is 
comfortable—that surgeon could be 
uncomfortable for the fi rst few cases. 
It’s a completely different situation 
from a standard cataract procedure.”

Surgeons who 

have chosen 

to invest in this 

technology share 

their experiences 

to date.

Christopher Kent, Senior Editor

Femtosecond Cataract 
In the Real World
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Some surgeons jumped in almost as 
soon as the technology became avail-
able. “Our surgical center purchased 
the third unit in the United States, and 
we’ve had it for almost two years now,” 
says Eric Donnenfeld, MD, clinical 
professor of ophthalmology at New 
York University Medical Center and a 
partner at Ophthalmic Consultants of 
Long Island. “We accepted the chal-
lenge of using the technology early 
on, knowing that it would certainly 
improve over time. As it turned out, 
the laser has been a very pleasant part 
of our practice. 

“What’s been most impressive for 
me is the improvement in the hard-
ware and software over the past two 
years,” he explains. “We’re on our 
fourth software upgrade and our third 
hardware change. Two years ago the 
laser procedure took two and a half 
minutes; now it takes about 40 sec-
onds.”

A more recent convert is James J. 
Salz, MD, clinical professor of oph-
thalmology at the University of South-
ern California, Keck Medical School, 
and in private practice in west Los 
Angeles. Dr. Salz only recently began 
using his femtosecond laser cataract 
system, and has done fewer than two 
dozen eyes. “I was comfortable from 
the outset because I’ve used a femto-
second laser to make LASIK fl aps for 

years,” he explains. “Using the laser to 
make the rhexis and prechop and soft-
en the nucleus is included when we 
correct astigmatism, so I’ve done that 
in every case. However, I usually don’t 
use the laser to make the side port 
incisions or the main cataract incision 
because so far it doesn’t place those in-
cisions exactly where I want them. So, 
I do those by hand.” He notes he has 
not had any surgical complications so 
far, although he attributes that, at least 
in part, to careful patient selection.

Dr. Salz says he believes the laser 
has added value for the patient as well 
as for himself. “It defi nitely does a bet-
ter, more consistent rhexis than I can 
achieve,” he says. “It also makes bet-
ter, reproducible arcuate incisions at 
the proper depth because of real-time 
pachymetry over the exact area where 
you’re placing them. I’m now more 
comfortable recommending arcu-
ates for correcting low to moderate 
astigmatism, and patients are more 
receptive to the idea of correcting 
astigmatism with the laser than with 
a blade. The pre-chopping also allows 
the surgeon to use less phaco energy 
to emulsify the nucleus.”

Proceeding With Caution

Some more skeptical surgeons only 
became interested after seeing others’ 

early successes and failures. “When 
the concept of femtosecond laser cata-
ract surgery was fi rst brought up to our 
surgery center board, I was against it, 
primarily because of the cost,” notes 
Henry D. Perry, MD, senior founding 
partner at Ophthalmic Consultants of 
Long Island and chief of the corneal 
service at Nassau University Medical 
Center. “However, my partner was 
very much in favor of it and felt that 
it was something we should try, so I 
eventually agreed.”

After noting early complications ex-
perienced by others in his practice 
(which dropped off dramatically over 
time) Dr. Perry proceeded to adopt 
the new technology cautiously. “It did 
sound really good for doing relaxing 
incisions after corneal transplantation, 
so I started doing that,” he explains. “I 
did about 25 cases, making me more 
familiar with the technology. I saw 
that the OCT really provided a tre-
mendous advantage in terms of the 
depth of the incision and precision of 
placement. 

“Then I decided to do a capsulot-
omy,” he continues. “But when I was 
ready to do my first one, my fellow 
said, ‘Oh, go ahead and do the whole 
procedure.’ So I did the whole case, 
and I found it to be easier than a man-
ual procedure. The capsulotomy is al-
ways the most challenging part; you’re 

Femtosecond Cataract

One of the most popular uses for the femtosecond laser cataract technology is making very precise arcuate incisions to treat astigmatism. 
Above, left and right: pre- and postop topography for a 75-year-old patient. Center: arcuate incisions made by the laser. Preop refraction 
was +6.25 -2.25 x 168 (20/50); three weeks postop the refraction was +0.50 (20/25). 

Jam
es J. Salz, M

D
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afraid of somebody moving or cough-
ing. It was very nice to have that done 
by the laser.”

Dr. Perry says after that experience 
he began performing laser cataract 
surgery regularly. “Eighty to 90 per-
cent of the time there were still some 
tags left when making the capsuloto-
my, so I had to use the capsulorhexis 
forceps to finish the capsulotomy,” 
he says. “But since I always check for 
tags, we have not had any of them lead 
to tears or spread equatorially. I didn’t 
have any posterior capsule tears in my 
fi rst 100 cases. 

“With experience I started to no-
tice that after the laser I could break 
up the nuclei of a soft cataract with 
almost no ultrasound,” he continues. 
“In more fi rm cataracts we still had to 
use ultrasound, but the laser was very 
helpful in terms of divide and con-
quer, which is a technique I’ve always 
favored.” 

Ultimately, Dr. Perry says using the 
laser for cataract surgery has become 
his procedure of choice. “I explain 
to my patients that it’s in their best 
interests to have a machine do the cap-
sulorhexis rather than have me do it by 
hand,” he says. “At this point, I think 
more than 50 percent of my cataracts 
are done with the femtosecond laser.”

Another gradual convert was Jona-

than Stein, MD, clinical assistant pro-
fessor at NYU School of Medicine 
and a cataract and refractive surgery 
specialist in Fairfi eld, Conn. Dr. Stein 
explains that as a fellow he had trained 
with Dr. Donnenfeld; several years 
after taking over his own practice in 
Connecticut, he was invited to come 
to Dr. Donnenfeld’s practice on Long 
Island to try using the new femtosec-
ond laser. 

“I did my fi rst cases in April or May 
of 2011,” he says. “I did about 10 cases 
a month for a year or so. Eventually, 
we made the decision to purchase a 
femtosecond unit for my surgery cen-
ter in Norwalk. So far, it’s been a great 
addition to our practice. There’s some-
thing about lasers that scares a small 
percentage of patients, but the vast 
majority of them think it sounds like a 
great technology.”

Uday Devgan, MD, chief of oph-
thalmology at Olive View UCLA Med-
ical Center, associate clinical professor 
at the UCLA School of Medicine, and 
in private practice at Devgan Eye Sur-
gery in Los Angeles, was another cau-
tious convert. He has worked with his 
femtosecond system for about a year 
and a half.

Dr. Devgan agrees that a surgeon’s 
background can be a signifi cant factor 
in determining how readily he’s likely 

to embrace this technology. “Some 
surgeons, like me, are actually very 
conservative,” he says. “I’m cautious 
partly because I don’t necessarily want 
patients to be part of my learning 
curve unless I think there’s a benefi t 
for them. So I’ve been very slow to 
uptake this in my own practice.

“Meanwhile, other surgeons in 
our center are jumping right into the 
deep end and doing the majority of 
their cases on it,” he says. “I think the 
surgeons who use it the most in our 
center are the ones who are primarily 
LASIK surgeons who have gone back 
and implemented phaco since the 
LASIK market tanked in 2008. They 
fi nd it natural, because if you’ve used 
the femtosecond laser for LASIK, you 
understand the concept of patient 
docking, the formation of gas bubbles 
and so forth.”

Have Outcomes Improved?

One of the central issues in the de-
bate regarding the value of the new 
technology is whether it’s improving 
outcomes. After using the laser on a 
limited basis for a year and a half, Dr. 
Devgan says he’s not convinced the 
refractive accuracy of his outcomes 
is greater. “A lot of things contribute 
to your lens calculation, including 

The laser can make a perfectly round capsulorhexis, though some surgeons have encountered incomplete cuts, especiallly in early cases 
(above right). These can easily be completed by hand. Whether a perfectly round capsulorhexis improves outcomes is not yet clear.
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your corneal measurement, the axial 
length, the formula you use and the ef-
fective lens position,” he says. “I think 
the formulas are probably the biggest 
source of error. The rhexis is just one 
small part of the equation.

“When I look at these eyes, the rhex-
is is prettier; it looks nice and it over-
laps great,” he notes. “And it makes 
some sense that a perfectly round, 
symmetrical cut would help the lens 
stay in position better; it would tend 
to shrink-wrap evenly when the cap-
sule contracts after a couple of weeks. 
The question is, if I compare a manual 
rhexis that’s about 5 mm and a laser 
one that’s exactly 5 mm, is there really 
a difference in the refractive outcome 
for the eye? 

“Some studies suggest that may-
be there is, but in my own hands, I 
haven’t appreciated a striking differ-
ence,” he concludes. “I’d really like 
to see convincing data with a large 
margin of difference before I draw any 
conclusions.”

There seems to be broad agreement 
that the laser adds accuracy and an ex-
panded treatment range to the process 
of correcting astigmatism with inci-
sions. However, Dr. Bowers notes that 
making LRIs with the laser is not the 
same as making them manually. “What 
percentage depth should I go? What 
arcuate length? What optical zone? At 
the outset you’ll have a few cases that 
are under- or overcorrected,” she says. 
“On the other hand, it only took me 
about 10 patients to fi gure out what 
my nomogram was. Now I fi nd I can 
treat a lot more astigmatism than I 
felt comfortable treating manually, 
and that has allowed me to put mul-
tifocal lenses in people with up to 2 D 
of astigmatism. My cutoff used to be 
1.25 D. I think that has enhanced my 
practice a lot.”

Dr. Stein agrees. “I don’t have any 
proof that I’m getting better outcomes 
because I haven’t done an official 
study,” he says. “But you can correct 
larger amounts of astigmatism with 

the laser. And if you have a toric lens, 
combining that with the laser allows 
you to make the astigmatism correc-
tion very precise. Although doing 
the capsulotomy is a little different 
from doing one manually, it’s a per-
fect circle, the exact size you want and 
centered where you want it to be. A 

skilled surgeon can come close to that, 
but there will always be times when 
something goes awry.”

Despite her initial skepticism, Dr. 
Bowers now believes the laser is also 
changing the effective lens position. 
“Just as surgeons have their own A-
constant for lens implants, I think 

Because femtosecond laser technology can eliminate manual parts of cataract sur-
gery, it can be particularly benefi cial in certain situations. 

Barbara Bowers, MD, owner and medical director at Barbara Bowers MD PLLC & 
Paducah LASIK Center in Paducah, Ky., says the laser is particularly helpful when dealing 
with very dense nuclei. “You still have to use phaco power, but it requires signifi cantly 
less power than before,” she notes. “When you’re dealing with a very dense 4+ nuclear 
sclerotic cataract, having that laser energy already softening it up makes the proce-
dure go much more smoothly. There’s less stress on the capsular zonules. And I’m less 
stressed and worried that I might end up with a capsular tear, or the nucleus in the 
vitreous.

“It’s also benefi cial with Fuchs’ dystrophy patients,” she continues. “When a patient’s 
cornea is already a little bit compromised and she has a pretty dense cataract, you know 
the phaco power is going to do some damage to the endothelial cells, which are already 
sick. In that situation I think softening the nucleus with the femtosecond laser is very 
benefi cial.”

Dr. Bowers says the fi rst patient she ever used the femtosecond cataract laser on, 
who was also the fi rst patient in the state of Kentucky to have bladeless cataract sur-
gery, was a very advanced Fuchs’ dystrophy patient. “We discussed other options such 
as doing standard cataract surgery and seeing how her cornea held up,” she says. “I 
discussed the possible need for DSEK postoperatively and the possibility of a combined 
cataract/corneal procedure. The patient said, ‘No, let’s go ahead and do the cataract and 
hope for the best.’ She was very receptive to the idea of being the fi rst femtosecond 
cataract patient. And as it turned out, she did extremely well and had almost no corneal 
edema at all postoperatively.

“In addition,” Dr. Bowers adds, “I’ve also found that these patients have signifi cantly 
less infl ammation in the anterior chamber on postop day one.”

“Probably my favorite case to use the femtosecond laser for is a younger patient with 
a milky white cataract—an intumescent cataract,” says Uday Devgan, MD, chief of oph-
thalmology at Olive View UCLA Medical Center. “In these cataracts the cortex liquefi es, 
so the lens is white and fi lled with fl uid. This is the type of case in which if you stain the 
capsule with blue dye and start to do your manual capsulorhexis, you often get the 
Argentinean fl ag sign, where the rhexis runs out and it looks like blue-white-blue. With 
the femtosecond laser system, you never have that issue. It creates a cookie-cutter-
perfect punch in the anterior capsule to make the rhexis.”

The laser is also advantageous when the zonules are weakened, perhaps as a result 
of trauma. “In those cases we use the laser for free,” says Eric Donnenfeld, MD, clinical 
professor of ophthalmology at New York University Medical Center. “Using the laser 
doesn’t stress the zonules, so vitreous doesn’t come into the anterior chamber when we 
open the anterior chamber during capsulotomy. It’s made these traumatic cataract cases 
much easier.”

—CK

The Benefi ts of Avoiding Manual Surgery
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every surgeon will have a nomogram 
for these lasers,” she says. “Over the 
past nine months I’ve found that I 
need to rework my surgeon factors 
and my lens A-constants a little bit 
because my results are coming out a 
little bit more hyperopic than they did 
when I wasn’t using the femtosecond 
laser system. So I do think it has an 
effect on postop refractive outcomes.”

Other surgeons (both with and with-
out fi nancial connections to the manu-
facturer) feel their overall outcomes 
have improved. “There’s no doubt 
in my mind that I’m getting better 
phacoemulsifi cation and better refrac-
tive outcomes,” says Dr. Donnenfeld. 
“I’m putting less energy into the eye 
and having fewer complications. My 
patients are seeing better and faster, 
and they’re very appreciative of the 
outcomes that we’re able to achieve.” 
He notes that astigmatism control has 
been a key to their success, and adds 
that they’ve begun tracking their data 
to see exactly how much outcomes are 
improving. “In the meantime, some 
improvements are easy to see, such as 
changes in our rate of vitreous loss,” 
he notes. “We’ve had zero vitreous 
loss in our last 150 cases, which is obvi-
ously a nice result.

“Early on I was battling my emo-
tions,” he adds. “I was looking at this 
and thinking, ‘Is this really better? 
Does it really make a difference?’ 
Now I don’t have any hesitation about 
saying that it’s clearly better in many 
different parameters.”

“I’ve noticed that my cataract pa-
tients have better vision on postop 
day one,” says Dr. Perry. “I see less 
edema. On the downside, I notice that 
I do have more conjunctival hemor-
rhage because of the suction device. 
However, I think the manufacturer 
is developing new devices that pro-
duce less suction, so that problem may 
decrease in the future. Overall, my 
patients’ vision has been better. More 
important, my operative complication 
rate, which was low, is now even lower. 

It was about 1 percent; now it’s less 
than 1 percent.”

Surgical Complications

Early reports in the literature in-
dicated that some surgeons ran into 
complications after switching to laser 
cataract surgery. “Michael Lawless’s 
group in Australia has published mul-
tiple studies regarding complications 
with femtosecond cataract surgery,” 
notes Dr. Devgan.1-3 “The fi rst study 
summarized their early experience 
with the laser, covering their fi rst 200 
cases. Two out of their fi rst 50 eyes had 
a dropped nucleus, which normally is 
a rare complication—I’d say less than 
1 percent with standard cataract sur-
gery. Two out of 50, which is 4 percent, 
is shocking. But the next study they 
published reported their complication 
rate during their next 1,300 cases. The 
dropped nucleus rate was zero, and 
other complications dropped by a fac-
tor of 10—far more acceptable. 

“Similarly,” he continues, “in their 
fi rst 200 eyes, they made 1.5 docking 
attempts per surgery; in other words, 

every other eye had to be docked 
twice. For the next 1,300 eyes, their 
docking rate was 1.05, meaning only 
one in 20 eyes had to be redocked. So 
docking errors dropped from 50 per-
cent to 5 percent. That had nothing 
to do with the laser, but with the sur-
geon fi guring out how to do it. Fem-
tosecond lasers are just like any other 
tool—there’s a learning curve.”

Dr. Devgan says the only surgical 
problems he has personally encoun-
tered were a loss of suction and an 
incomplete rhexis. “The partial rhexis 
was no big deal,” he says. “I just took 
the forceps and fi nished the other half. 
The patient did fi ne. But other, more 
severe complications have been re-
ported: broken capsules, dislocated 
lenses, poorly placed incisions. Sur-
geons who do more femtosecond cata-
ract surgeries are more likely to have 
complications, and there have been a 
few of these at our center. 

“In any case, I don’t think these 
complications are the fault of the laser; 
I think it’s the way we program and 
dock the laser,” he adds. “The laser 
just does what we tell it to do.”

Bubbles are a common by-product of laser use. In some systems, early software divided the 
nucleus before making the capsulorhexis, sometimes leading to capsule rupture because 
of the increase in pressure caused by the gas between the cataract and posterior capsule.

Uday Devgan, M
D
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Better With Experience

Having complications at the outset 
seems to be a common experience. 
“Out of the fi rst 20 cases in our surgery 
center there were two dropped nuclei, 
both in cases done by excellent sur-
geons, and four cases of vitreous loss,” 
notes Dr. Perry. “Being the person in 
charge of quality control at our surgery 
center, I was perplexed. However, I 
was assured that there was a problem 
with the software and that it would be 
taken care of. The software was soon 
upgraded, and a few months later I 
spoke with our fellow, who operates 
the laser in our surgery suite. He said 
the complication rate was down and 
the machine was working well.”

Dr. Stein also reports having prob-
lems at fi rst, but says modifi cations are 
resolving them. “For example, we’ve 
modifi ed the way we do the treatment 
so that if bubbles occur, they pop right 
out into the anterior chamber and you 
remove them when you fi rst go into 
the eye,” he says. “Seeing the edges 
of the capsulorhexis is now very easy, 
and we frequently have completely 
free caps before we even get inside the 
eye. The tags and radial tears that did 
occur at the beginning are now very 
infrequent. The same is true of incom-
plete treatments, which have probably 
been minimized in part because of 
the reduced time now required for 

the procedure. Originally it took four 
minutes and 40 seconds of continuous 
suction; you’re bound to have fewer 
suction-related problems when it only 
takes 40 seconds.”

Dr. Devgan notes that complica-
tions are being reduced by improve-
ments in the software and hardware. 
“During the year and a half we’ve had 
our machine the company has been 
very good about updating software 
and coming out with new upgrades,” 
he says. “Alcon is even providing a 
new, softer docking interface for the 
patient that uses less pressure, so it’s 
gentler on the eye and produces no 
corneal suppression.”

“Our initial problems have become 
much less common as the software 
and hardware has improved,” agrees 
Dr. Donnenfeld. “When we fi rst had 
the machine we had no free-fl oating 
capsulotomies; last year we had about 
40 percent; now we’re up to well over 
90 percent. Those types of improve-
ments, which are logarithmic, are 
pushing the technology forward. The 
machine is much better today than it 
was a year ago.”

In any case, not every surgeon has 
experienced complications. “After 
nine months, I haven’t had any issues 
with complications,” says Dr. Bowers. 
“I read the literature and all the pearls 
about how to avoid complications 
from posterior gas bubbles and ag-

gressive hydrodissec-
tion before I ever did 
my fi rst case. I’ve nev-
er had any issues like 
that, or radial tears. I 
haven’t had any prob-
lems with incomplete 
capsulotomies, or tags. 
I fi nd that I can just go 
in and lift the capsule 
fragment off. And I’ve 
never had any trouble 
seeing the edge of the 
capsulotomy, although 
I got a new micro-
scope three or four 

months before I purchased the fem-
tosecond laser, which may have made 
a difference. 

“I know that being complication-
free isn’t the experience of most 
people, based on what I hear,” she 
adds. “I don’t know if it’s the laser or 
my settings. I don’t think it’s anything 
special that I’m doing. But I per-
sonally have not had any issues with 
those complications.”

Is It Paying Off?

Given the size of the investment, 
being able to make back the fi nancial 
outlay is at the top of the list of most 
surgeons’ concerns. “I believe the fi -
nancial issues surrounding owning 
one of these lasers are the only rate-
limiting factor for most people,” says 
Dr. Donnenfeld. “It’s not whether the 
technology is better; it’s whether they 
can afford to put it into their clinic or 
hospital.”

So far, the surgeons interviewed for 
this article say the investment is pay-
ing off. Some attribute that to having 
a large, multi-surgeon practice—but 
it appears to be working out in some 
small practices, too. “If you can do 
400 cases a year with the laser, it pays 
for itself,” says Dr. Donnenfeld. “That 
was the model we used, and we’re 
way over that number now. Not only 
are we getting better results, but it’s 

Use of the laser can sometimes lead to complications not seen in manual surgery, such as wound burn.
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making a profi t for the surgery center 
as well. We offer it to patients as a 
premium product and they share in 
the expense. We do that even when 
we use it for astigmatism, which is 
reimbursable.” Dr. Salz also says that 
the laser is paying for itself, which he 
attributes to having a large number of 
high-volume surgeons at his surgery 
center, many of whom use the laser 
a lot. 

Drs. Stein and Perry also report 
positive financial results. “You’d be 
surprised who is willing to pay for 
this,” notes Dr. Stein. “I offer it to ev-
erybody. If the patient says, ‘That’s a 
lot of money,’ I say, ‘How much have 
you spent on your teeth? This is your 
vision; wouldn’t you want the best pos-
sible visual outcome?’ Of course, I 
practice in a relatively affl uent area. 
I’m sure fewer patients would be will-
ing to pay for it in an inner city popu-
lation. But some patients just want to 
hear that a laser is taking care of them. 
They know that laser cataract surgery 
is out there.”

Dr. Perry’s practice is also located 
in an affl uent part of the country, but 
he doesn’t believe patient demograph-
ics are the deciding factor in wheth-
er patients are willing to pay for the 
technology. “If somebody’s going to 
have cataract surgery on their eye, and 
you have a procedure that’s safer, I 
think most patients will try to come up 
with the money to pay for it,” he says. 
“I also try to have a sliding scale; if I 
know that the patient is indigent, I just 
ask him to pay the laser fee.”

Perhaps more remarkable, Dr. 
Bowers, who runs a solo practice in 
the Midwest and is the only surgeon 
using her laser, also believes the in-
vestment is paying for itself. “I think it 
was a good move fi nancially,” she says. 
“My attitude toward technology is: If I 
think it’s going to enhance patient out-
comes, and it’s going to make my life 
easier, and it’s going to make my pa-
tients happier—which in turn makes 
me happier because I’m not dealing 

with unhappy patients postop—I don’t 
care if I make money, I just want to 
break even. 

“That was my attitude when I built 
a LASIK suite onto my office,” she 
continues. “That turned out to be a 
good choice; I more than broke even. 
At this point I believe we’re also doing 
better than breaking even with femto-
second cataract—I think we’re doing 
extremely well.”

“It’s all in the kind of practice you 
have,” she adds. “I found it very easy 
to add to my practice because I was 
already comfortable discussing premi-
um IOLs with patients. I basically just 
took an extra 30 seconds to mention 
the possibility of doing the surgery 
without blades. On the other hand, if 
you have a one- or two-person practice 
that does not do a lot of multifocals or 
torics, and you’re not comfortable tak-
ing chair time to talk to patients about 
upgrades and added expense, it might 
be a different story.”

Making the Best of It

Based on their experience, surgeons 
offer these suggestions to those who 
may be adding this technology to their 
practice:

•  Do your homework before 
buying one. “I’ve been happy with 
the system from the beginning, but I 
think that’s because I did my home-
work,” says Dr. Bowers. “You need to 
fi gure out how the fl ow will work, how 
you want to promote it, how you’re go-
ing to incorporate it into the OR, how 

you’re going to incorporate it into your 
surgery day—all before you purchase 
the machine. Don’t try to fi gure it out 
after you’ve got patients scheduled. 
And get your staff educated and on-
board before the instrument arrives.”

Dr. Donnenfeld agrees. “There’s no 
reason for anyone to start laser cata-
ract surgery without fi rst looking at the 
evolution of the technology,” he says. 
“Today, newcomers should be able to 
avoid the pitfalls that made this sur-
gery less effi cacious a few years ago.”

•  Don’t worry too much about 
the extra time required. “We have 
our laser system inside the OR, which 
is big enough to allow that,” says Dr. 
Stein. “Essentially, after a case is com-
plete, we use the time required to set 
up for the next patient to prep the 
patient and do the laser procedure. 
If you do this very effi ciently, you can 
still be ahead of the nurse team that’s 
readying the equipment.”

Dr. Bowers says that, in any case, 
the small amount of additional time 
required to use the femtosecond laser 
system in her solo practice has dimin-
ished over time, and has been more 
than offset by the fi nancial compensa-
tion. “It did cause a little bit of slow-
down for the fi rst few weeks,” she says, 
“but literally after the first three or 
four weeks, we had it down.”

•  If possible, have someone else 
do the laser portion. “If you don’t 
have someone else doing this proce-
dure while you’re doing the rest of 
the surgery, the technology will just 
increase the cost of the surgery and 

Pros and Cons of Femtosecond Laser Phaco 

•  For Novices / Beginners • For an Experienced Surgeon

• Great rhexis, good incision, lens 
already chopped, use less U/S

• The surgeon already has a great rhexis, 
incision and phaco chopper

• Speeds up surgery • May slow things down

• Greater refractive accuracy? (maybe) • Greater refractive accuracy? (maybe)
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experienced surgeon

• Less pronounced benefi t … for now
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use up operating room time,” says Dr. 
Perry. “A designated laser person can 
probably do six to eight lasers an hour 
and really keep the surgery center 
hopping.”

Dr. Donnenfeld concurs. “In our 
practice, our fellow does most of the 
laser parts, which speeds me up about 
20 percent,” he says. “If you have to do 
your own laser in addition to the pha-
co, I’d guess it would slow you down 
about 20 percent.”

•  Put the laser in a room sepa-
rate from the OR. “I studied this 
before purchasing the instrument and 
decided that having an extra room for 
the laser was the best way to go,” says 
Dr. Bowers. “I spoke to many sur-
geons and weighed the pros and cons. 
Many of the surgeons I spoke to who 
managed to fi t the machine into their 
ORs said they’re now looking for a way 
to move it out into a separate room, 
just to make the fl ow better.”

•  If possible, use three rooms to 
maximize flow. Dr. Perry says that 
having three rooms available for sur-
gery makes a big difference. “If you 
have two rooms, it slows you down,” he 
says. “We have three surgical rooms, 
with the laser in one. You can alternate 
using the other two rooms for the non-
laser part of the surgery. While you 
perform phacoemulsification in one 
room, the next patient has been treat-
ed with the femtosecond laser and is 
moved into the other room. When you 
switch to that room, the fi rst room is 
prepped for the next surgery while the 
next patient is treated with the laser, 
and so forth. This arrangement can be 
very effi cient.”

•  Schedule all your right eyes 
and left eyes together on different 
days. Dr. Bowers says this schedul-
ing strategy has enabled her to avoid 
using any additional time beyond the 
time she’s actually sitting at the laser 
performing the procedure, which is 
about two minutes. “I’ve only added 
one staff member, who actually runs 
the laser,” she says. “She gets the pa-

tients in the room, gets them marked, 
gets them ready. I sit down, put the 
patient interface on, do the treatment, 
and leave and go straight to the OR. 
There’s no need for a ‘quarterback’ to 
point me in the right direction regard-
ing which room to go to. When I’m 
only doing right or left eyes, I know 
which room to go to. The fl ow is phe-
nomenal.”

What if you only have two or three 
laser cases to do? “Do those two or 
three left eyes one day, then next week 
do your two or three right eyes,” she 
says. “I alternate a traditional case with 
a laser case until I’m done with all of 
the laser cases; then I go back to doing 
all traditional cases.”

•  Consider advertising it. Al-
though most surgeons say they are not 
advertising the fact that they offer this 
option, those who have tried it report 
that it seems to pay off. “Some of my 
patients do ask for it when they come 
in,” says Dr. Bowers. “I’m in a smaller 
community, and we have done a little 
advertising. The small amount of ad-
vertising we’ve done has been well 
worth it.”

•  Beware of patient choice over-
load. “If you do offer all of these 
high-tech options, you have to try not 
to overload the patient with informa-
tion,” Dr. Stein points out. “You have 
to give a clear-cut message as to what 

you want to accomplish with the pa-
tient’s visual outcome.”

Should You Make the Leap?

Surgeons who have made the in-
vestment seem positive about their 
decision—but they’re also sympathet-
ic to those who would rather watch 
and wait before deciding. Dr. Salz be-
lieves that it’s important to at least try 
it for yourself. “Get access to one if 
you can,” he says. “I think you will be 
impressed.”

“I know for a fact that solo practitio-
ners can make a success of this, if they 
approach it the right way,” says Dr. 
Bowers. “It is a large investment. But 
if you think about it, cataract surgery is 
our number one procedure. We do a 
lot more of those than we do LASIK. 
So far, it’s been a very good decision 
for me and my practice.” 

“This technology is proven and im-
proving, and it’s going to create a more 
safe and secure environment for the 
patient,” says Dr. Stein. “Whether it’s 
fully gotten there yet, in comparison 
to an extremely competent cataract 
surgeon, I’m not sure. But it’s impor-
tant to stay current and offer your pa-
tients technology that can give them 
the best outcome, as long as it’s proven 
and safe. You don’t want to be the guy 
who is still doing planned extracaps 
15 years after phaco is considered the 
standard of care.”

Dr. Donnenfeld notes that the num-
ber of surgeons trying the technology 
is increasing. “In our practice, some 
of the most conservative surgeons 
are now embracing the femtosecond 
laser,” he says. “Some doctors who 
never did LASIK or PRK are doing 
almost 50 percent of their cataract 
cases with it. These are people who 
never thought about performing re-
fractive cataract surgery before. They 
were uncomfortable with manual 
LRIs, didn’t do excimer photoablation 
and didn’t think they had the techno-
logical expertise to start doing toric, 

One advantage of the femtosecond laser 
is the ability to soften and chop a nucleus 
before the surgeon enters the eye, reducing 
the amount of ultrasound energy needed 
to complete removal. Above: The surgeon 
separates the laser-created quadrants with 
a chopper.

Eric Donnenfeld, M
D
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multifocal or accommodating lenses. 
“Now, because they’re getting more 

reproducible refractive outcomes, 
they’re more comfortable using those 
new technologies,” he continues. “So 
the laser has opened these technolo-
gies up to a whole new group of oph-
thalmologists. Before this, I think only 
10 or 15 percent of ophthalmologists 
offered refractive cataract surgery. 
Now that we have digital technology 
that gives everyone the same preci-
sion, I think the number of people in-
terested in offering refractive cataract 
surgery is going to rise exponentially.”

Given that the technology is rap-
idly improving, why not wait to get in-
volved? “As with anything, technology 
gets better with time,” notes Dr. Don-
nenfeld. “The car you buy today won’t 
be as good as the car you could buy 
two years from now, but that doesn’t 
mean the car of today isn’t good. I 
fi rmly believe that laser cataract sur-
gery was better than conventional 

phacoemulsifi cation from the outset, 
and now that difference is growing.

“Some people want the technology 
to be perfected before they jump into 
it, and I have no problem with that at-
titude,” he adds. “Phacoemulsifi cation 
is a very good procedure, and there’s 
no reason to move on quickly if you’re 
comfortable. In my case, I enjoy de-
veloping new technology, as long as I 
think it’s safe for the patient. And I’m 
glad I made the switch.”

Dr. Devgan agrees that you can 
make an argument for waiting to pur-
chase while the technology continues 
to improve. “That’s a valid point,” he 
says. “But you can always say, ‘I’m not 
going to buy one yet because they’re 
going to come out with a new model 
next year.’ The companies are smart 
enough to make it easy and cost-ef-
fi cient to do the upgrades when they 
come out. So if you do buy sooner 
rather than later you won’t be caught 
with last year’s model.”

“Ultimately, I think it’s still too early 
to know whether switching to fem-
tosecond laser cataract surgery re-
ally makes sense for most practices,” 
he adds. “In our surgery center the 
investment made sense, and it still 
makes sense. But people have to do 
their own math and decide for them-
selves.”  

Dr. Donnenfeld consults with Alcon, 
Bausch + Lomb, AMO and LenSx. Dr. 
Devgan is a speaker for Alcon and a 
consultant for Bausch + Lomb. Drs. 
Stein, Bowers, Salz and Perry have no 
fi nancial ties to any of the technology 
discussed in the article.
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Femtosecond Nomograms

When femtosecond lasers for 
cataract surgery were first 
introduced in the United 

States, their ability to make accurate 
astigmatic keratotomy or limbal re-
laxing incisions was front and cen-
ter, mainly because that was the only 
way surgeons could charge for the use 
of the devices. Though surgeons can 
now charge for more than just the AK, 
the lasers’ ability to make good, repro-
ducible incisions is no less important, 
and some surgeons say these incisions 
may have the most direct impact on 
postop visual acuity of any aspect of 
the lasers. In this article, several expe-
rienced cataract surgeons share their 
tips for getting the best results with 
femtosecond astigmatic incisions.

The Transition from Blades

Surgeons venturing into the world 
of femtosecond astigmatic keratoto-
my with their new cataract femto-
second lasers have had to write the 
rules as they went along, using pre-
vious nomograms for manual AK as 
starting points.

Surgeons say their experience in 
making the switch from manual to 
femtosecond arcuate incisions shows 
how important it is for each surgeon 
to develop his or her own nomogram 
based on a series of cases, since some 

surgeons have experienced very dif-
ferent results in comparison to their 
blade surgeries. “Limbal relaxing in-
cisions and AK incisions with lasers 
are defi nitely a work in progress,” says 
Draper, Utah, surgeon Robert Rivera, 
who uses both the Optimedica Catalys 
and the Alcon LenSx lasers. “Now that 
we have the laser’s consistency and 
precision from case to case, we can 
start to assess other factors in the cor-
neal incisions to a degree we couldn’t 
before, such as the exact length of the 
incision arc, its depth and even the op-
tical zone. We can start to look at these 
in a more scientifi c way because we’ve 
taken that ability out of the hand and 
placed it on the computer’s mother-
board, if you will. You have to be care-
ful and not make the assumption that 
the manual nomogram will give you 
the same result with the femtosecond 

Precise cuts and 

the ability to titrate 

their effect postop 

are two of the 

benefi ts of this 

new technology.

Walter Bethke, Managing Editor

Femtosecond AK: 
How to Make the Cut

Tampa, Fla., surgeon Hunter Newsom
altered his IntraLase’s energy to create 
inicisions that don’t open immediately.
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laser as it would with a diamond blade; 
the tendency, in my experience, has 
been toward a little overcorrection.”

Nashville surgeon Ming Wang, 
though, has had the opposite experi-
ence. “I found that, once I had the 
WaveTec Optiwave Refractive Analysis 
intraoperative wavefront system to in-
traoperatively check the total refractive 
astigmatism, almost universally the la-
ser AK/LRIs are undercorrecting,” he 
says. “This is a systematic error—not 
a random error—and was previously 
unknown prior to the availability of the 
ORA. Furthermore, given the fact that 
the astigmatic corrective effect of the 
laser AK/LRI incisional keratotomy 
will be reduced postoperatively due to 
the fi lling in of the incisions, there will 
be even more of an undercorrection.”

With these tendencies toward over- 
or undercorrection, surgeons say their 
approaches to astigmatic correction 
can be used simply as starting points 
for others to hone their nomograms. 
It’s important to note that, in their ap-
proaches, several surgeons refer to 
the Donnenfeld and the Nichamin 
LRI nomograms, which are part of a 
manual, blade LRI planning program 
provided by Abbott Medical Optics at 
lricalculator.com. Many surgeons use 
these blade nomograms as jumping off 
points for their laser nomograms. Here 
are the steps some of them take.

“What we’ve been using for femto-
second incisions is the Donnenfeld no-

mogram for manual LRIs that’s based 
on an 11-mm optical zone,” explains 
Long Island surgeon Eric Donnen-
feld. “But we decrease the nomogram 
by 33 percent and reduce the optical 
zone to 9 mm. So, if the nomogram 
says to treat with a 60-degree arc, I 
use a 40-degree arc. With this, we get 
about a 70 percent reduction in the 
cylinder.”

“I basically use the Donnenfeld no-
mogram, but the difference between 
the manual and laser is that, for the 
laser, I program it for 80 percent of 
the stromal thickness, and I perform 
it at a 9-mm optical zone,” explains 
Dr. Wang. “I also vary the number 
of incisions between a single incision 
and paired incisions depending on the 
location of the primary and secondary 
wounds for the cataract surgery itself.”

In developing an approach that 
worked for the IntraLase laser, Tampa, 
Fla., surgeon T. Hunter Newsom says 
you can fi nd success altering both the 
blade nomogram and the laser’s power 
output. He uses the anterior side-cut 
function of the Intralase-enabled kera-
toplasty software. “We use Dr. Nicha-
min’s NAPA nomogram from the 
AMO LRI calculator website,” he says. 
“We approached it like a blade sur-
gery’s nomogram and then modified 
it, moving the optical zone in a little 
bit. Rather than trying to reduce our 
nomogram, we wanted to leave it as it 
was and adjust the energy of the laser.

“When you use a femtosecond laser 
to make an incision, it makes a series 
of spherical spots next to each other, 
similar to the edge of a postage stamp 
or the holes in the pages of a spiral 
notebook,” he explains. “You can con-
nect these holes tightly enough so it 
produces an effect that’s the same as 
having a bladed incision that’s wide 
open. You can adjust this process, how-
ever, by altering the spot size and the 
energy. So, say we have a 3-µm spot 
separated from the next spot by 3 µm 
at 10 mJ of energy. The resulting air 
bubble won’t be 3 µm in size, but will 
instead be 5 µm because the explosion 
is so large the air bubble will separate 
more tissue. This will result in incisions 
that fl op open on their own, just as if 
you’d used a diamond blade. We didn’t 
want that. So, we were able to turn the 
laser energy down to 1 mJ but keep 
a 3 µm spot size, creating a weaker 
shot. This creates a spot of about 2.5 
µm, so as you move over by 3 µm, the 
spots never really connect. This re-
duces the effectiveness of the incision 
you’re making versus a blade but it 
makes the incision tighter, so it won’t 
open immediately. With this method, 
we can just program the treatment 
using the NAPA nomogram and in-
stead of reducing it by 30 percent, we 
just reduce the laser energy to reach a 
point where the procedure gives us the 
equivalent of a 10-mm blade incision 
at full thickness.”

To see how his approach compared 
to blade incisions, Dr. Newsom per-
formed a six-month chart review of 
62 eyes of 45 patients who received 
premium IOLs and who required as-
tigmatic corrections ranging from 0.75 
to 3.1 D. The mean attempted cyl-
inder correction was 1.32 D (r: 0.75 
to 3.1) for the femtosecond incision 
group and 1.13 D (r: 0.75 to 1.75) for 
the blade LRI group. Postop, residual 
manifest cylinder was 0.29 D (r: 0.0 to 
0.75, ±0.29) in the femtosecond group 
and 0.42 D (r: 0.0 to 1.25, ±0.38) in the 
blade group. Dr. Newsom says this is 

Donnenfeld LRI Nomogram, Adjusted for Femtosecond Lasers

Astigmatism (D) Incision
0.5 One incision, 30 degrees
0.75 Two incisions, 20 degrees each
1.5 Two incisions, 40 degrees each
3 Two incisions, 60 degrees each

Optical zone: 9 mm
Note:
•  add 3 degrees for against-the-rule astigmatism
•  add 3 degrees for younger patients
•  subtract 3 degrees for older patients

Courtesy Eric Donnenfeld, MD
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a statistically signifi cant difference in 
achieved correction (p=0.047), with 
78 percent for the femtosecond and 
63 percent for the blade. The mean 
visual acuity postop was 20/27 for FAI 
and 20/28 for LRI. Dr. Newsom points 
out that, though the femtosecond pro-
cedure decreased astigmatism by a 
greater amount, the blade incision was 
excellent, as well, doing a good job at 
getting patients below 0.5 D of astig-
matism.

As surgeons learn more about the 
effects of femtosecond incisions, they 
say different wound architectures may 
emerge that yield even better results. 
“In the past, we assumed an incision 
perpendicular to the cornea was best,” 
says Dr. Rivera. “But, at some point, 
we may look into new wound architec-
tures to see if we can achieve better or 
tighter astigmatic corrections. Several 
years ago, Richard Mackool discussed 
his idea for a penetrating LRI tech-
nique in which he’d take his cataract 
surgery blade and use it to create a full-
thickness penetrating incision contra-
laterally to the steep axis of cylinder. In 
that case, the incision was basically as 
close to a mirror image of the primary 
cataract wound as possible, with full-
thickness penetration. So that would 
be another way to correct astigmatism, 
and I wouldn’t be surprised if, at some 
point down the road, we start modify-
ing the wound architecture to see if 
other types of incisions—be they tun-
nels, corneal pockets or things of that 
sort—may not give us more stability or 
accuracy overall.”

Titrating the Incisions

One aspect of laser AK that surgeons 
can use to their advantage in the search 
for better outcomes is the fact that 
these incisions stay closed until the 
surgeon opens them, minimizing their 
initial effect. Physicians say this titrat-
ability helps increase the margin for 
error as they hone their femtosecond 
AK nomograms.

“The way the femtosecond laser cre-
ates the incisions allows you to treat 
astigmatism with the incision later,” 
says Dr. Rivera. “Many of us leave the 
incision or incisions unopened at the 
time of surgery, and then, depending 
on what the patient’s postop refrac-
tion is, we go in and titrate the cor-
rection by opening the incisions at 
the slit lamp. Most of the time, I do 
paired astigmatic incisions, though in 
some cases I will place my primary 
cataract wound at the patient’s steep 
axis. If someone has 1.5 D of cylinder, 
for example, I’ll operate on the steep 
axis with a 2.9-mm entry wound—
my cataract wound typically corrects 
0.5 D of cylinder—and I’ll then place 
a 30 to 40 degree contralateral incision 
that I leave untouched at the time of 
surgery. Two weeks postoperatively, 
I’ll see what the patient’s refraction is 
and consider opening the contralat-
eral incision to achieve more cylinder 
control. So, by pairing my entry inci-
sion with an LRI, I can typically take 
care of 1.5 to 2 D. Beyond that level of 
astigmatism we begin looking at toric 
intraocular lenses, surface refractive 
surgery or LASIK.

“The opening procedure is per-
formed right at the slit lamp,” Dr. Ri-
vera continues. “I’ve actually been sur-
prised in a number of cases in which 
the patient didn’t require the incision 
to be opened at all. Having the luxu-
ry of leaving the incisions untouched 
depending on the level of the post-
operative cylinder is a nice benefi t of 

femtosecond astigmatic incisions.” Dr. 
Rivera currently makes his incisions at 
the 9 mm optical zone.

Dr. Newsom also will open his 
wounds postop to titrate the effect. 
“Postop, the wounds can still be 
opened without diffi culty,” he says. “If 
we didn’t get all the astigmatism we 
wanted by making the incisions, we 
can go back and open them up a little 
at a week, two weeks or a month post-
op. In terms of the range of correction, 
we can get 2 D and below.”

Dr. Wang works ORA technology 
into the mix to titrate the astigmatic in-
cisions intraoperatively. “First, I make 
the laser AK incision, but I don’t open 
it,” he says. “For the incision, I use 
the Donnenfeld nomogram with 80 
percent corneal depth at a 9 mm opti-
cal zone. Once the IOL is implanted, I 
perform ORA intraoperative wavefront 
aberrometry, then titrate the amount 
of astigmatism treatment by opening 
the AK incision based on ORA read-
ings. When the patient leaves the oper-
ating room, the astigmatism is treated.

“We’ve conducted a study of 96 con-
secutive eyes comparing intraoperative 
cylinder measured by ORA with the 
postoperative refractive cylinder at one 
month and three months,” Dr. Wang 
continues. “We found that the mean 
difference between the magnitudes of 
cylinders measured intraoperatively by 
ORA and those measured postopera-
tively were 0.64 ±0.44 D at one month 
and 0.66 ±0.44 D at three months, with 
vector centroid and deviation of 0.24 
±0.52 D at 138 degrees at one month 
and 0.029 ±0.54 D at 140 degrees at 
three months. We’ve thus shown that 
ORA provides a good predictability 
in magnitude and vector of cylinder, 
and we will be presenting this study at 
the upcoming ASCRS meeting in San 
Francisco.”

The Intrastromal Route

If femtosecond astigmatic incisions 
are cutting edge, then femtosecond 

Postoperatively, the surgeon can open a 
femtosecond AK incision for more effect.
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intrastromal incisions—which don’t 
break the epithelium—are on the 
bleeding edge of technology. Exact 
nomograms for these incisions are still 
being ironed out, though surgeons 
have initial results they can share.

“A full-penetrating femtosecond as-
tigmatic incision is conceptually simi-
lar to a manual LRI, depending on 
the energy setting of the laser,” says 
San Diego surgeon Steven Schallhorn, 
MD, who is developing an intrastro-
mal nomogram. “But an intrastromal 
incision is different because you don’t 
break Bowman’s layer. Ultimately, the 
arc angle is a little longer or the optical 
zone is a little smaller; we use a 7-mm 
optical zone. You get more effect with 
a smaller optical zone, and, of course, 
more effect with a larger cut angle. 
Those are the two adjustments we’ve 
made.” Dr. Schallhorn says the Intra-
Lase is programmed so that the an-
terior depth keeps the incision below 
Bowman’s layer.

To give a taste of where the nomo-
gram stands, Dr. Schallhorn recounts 
a recent patient who was treated with 
intrastromal AK. “This patient was an 
accountant who had undergone a re-
fractive lens exchange and had 1 D 
of residual astigmatism that was caus-
ing her visual symptoms,” he explains. 
“Since the spherical equivalent in that 
eye was plano, this was a perfect op-
portunity to perform a femtosecond 
AK. So, three months after the RLE 
she underwent intrastromal AK, re-
ceiving two symmetrical 45-degree 
arcs at the 7-mm zone and 80 percent 
depth. Postop, her uncorrected vision 
was 20/16 and she went on to have an 
RLE procedure in the other eye.” Dr. 
Schallhorn says the intrastromal upper 
limit is 2 D, which would require two 
75-degree arcs.

“We’re in the process of refi ning our 
nomogram after having performed ap-
proximately 150 cases,” Dr. Schallhorn 
says. “Once it’s refi ned, we will under-
take a clinical trial to validate the no-
mogram. This will all take place within 

the next several months.”
Dr. Newsom says he has tried intra-

stromal incisions but warns that they 
can pose challenges. “We found that 
when we used the standard femtosec-
ond energy settings for an intrastro-
mal incision, we started to get some 
microperforations, where the incision 
would go through Descemet’s and 
the endothelium,” Dr. Newsom says. 
“Also, since the incision is going only 
through the stroma and not Bowman’s, 
you have to make a much longer inci-
sion to achieve the same effect as a 
full-penetrating incision. So, instead 
of making a two clock hour incision to 
reduce a diopter of astigmatism, you 
may have to make a four clock hour in-
cision. You really have to look at these 

intrastromal incisions one hour after 
surgery, such as with an anterior cham-
ber OCT, otherwise you won’t notice 
these microperforations. We noticed 
that we were getting more of these 
microperforations than we thought, 
and that’s when we started decreasing 
the energy until we didn’t get them. 
But then we said, we’re so worried 
about going into the anterior chamber, 
why don’t we just break the surface 
with the incision and stick with the full-
penetrating incisions?”

In terms of his intrastromal expe-
rience, Dr. Schallhorn says he hasn’t 
had a problem with microperforations. 
“We haven’t observed any anterior 
chamber bubbles or problems with 
Descemet’s,” he avers. “We use the 
Pentacam to diligently analyze the cor-
neal thickness, and set the posterior 
depth to 80 percent of the thinnest 
cornea over the planned incision sites.”

Even though intrastromal nomo-
grams are still being refined, Dr. 
Schallhorn has analyzed the proce-
dure’s accuracy so far. “We’re seeing 
about a 50-percent reduction in the 
absolute value of the astigmatism,” he 
says. “When you look at the correction 
ratio, which takes into account the me-
ridian of the astigmatism in addition 
to the value, we’re getting about 75 
percent of the effect we want, mean-
ing undercorrection. Even though we 
can still improve on this, you have to 
remember that this is right out of the 
box with the laser. We’re currently ana-
lyzing our data to refi ne the nomogram 
and improve the results.”

Dr. Rivera says he thinks the preci-
sion of the femtosecond laser holds 
great promise for the future of astig-
matic incisions. “When we target plano 
in an astigmatic patient, we’re typically 
getting that about 90 to 95 percent 
of the time with little residual astig-
matism,” he says. “I’ve had to bring a 
couple of these patients back in order 
to perform an enhancement for astig-
matism, but the procedure is getting 
better all the time.”  

If the energy level isn’t correct, an intra-
stromal incision may cut into endothelium, 
says Dr. Newsom.
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Intrastromal AK Nomogram

Intended cylinder 
correction (D)

Arc length 
(degrees)

-0.50 to -1.25 40

-1.50 to -1.75 50

-2.00 to -3.50 60 to 75

• Paired symmetric (same length) arcuates 
on the steep axis
• Optical Zone: 7 mm
• 80 percent of corneal thickness
• 60 µm from epithelium

Courtesy Steven Schallhorn, MD
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post-operative infl ammation and 
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® GEL is contraindicated in most viral diseases of the cornea and conjunctiva including epithelial herpes simplex keratitis 

(dendritic keratitis), vaccinia, and varicella, and also in mycobacterial infection of the eye and fungal diseases of ocular structures
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Delayed Healing
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Bacterial Infections
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with long-term local steroid application. Fungus invasion must be considered 
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Contact Lens Wear
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formation, delayed wound healing and secondary ocular infection from 
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USE IN SPECIFIC POPULATIONS
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to rabbits during organogenesis at a dose of 3 mg/kg/day (35 times the 
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The no-observed-effect-level (NOEL) for these effects was 0.5 mg/kg/day 
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Treatment of rats with 0.5 mg/kg/day (6 times the maximum clinical dose) 
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decreased growth and survival, and retarded development in the offspring 
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fetal period.
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LOTEMAX should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus.
Nursing Mothers
It is not known whether topical ophthalmic administration of corticosteroids 
could result in sufficient systemic absorption to produce detectable quantities 
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growth, interfere with endogenous corticosteroid production, or cause other 
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to a nursing woman.
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Geriatric Use
No overall differences in safety and effectiveness have been observed 
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carcinogenic potential of loteprednol etabonate. Loteprednol etabonate was 
not genotoxic in vitro in the Ames test, the mouse lymphoma tk assay, or in 
a chromosome aberration test in human lymphocytes, or in vivo in the single 
dose mouse micronucleus assay. Treatment of male and female rats with up to 
50 mg/kg/day and 25 mg/kg/day of loteprednol etabonate, respectively, (600 
and 300 times the maximum clinical dose, respectively) prior to and during 
mating did not impair fertility in either gender.
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Administration
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Contact Lens Wear
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The New Rules on
Industry/MD Payments

A look at the 

need for and 

potential impact 

of new reporting 

requirements on 

physician fi nancial 

relationships with 

industry.

Michelle Stephenson, Contributing Editor

In February, the Centers for 
Medicare & Medicaid Services 
announced the fi nal regulations of 

the Physician Payment Sunshine Act, 
which is part of the Patient Protec-
tion and Affordable Care Act. After 
announcing the proposed regulations 
in December 2011, CMS received 
approximately 400 comments on the 
drafted regulations.

In the release, CMS announced 
that pharmaceutical and device com-
panies will be required to begin re-
cording data regarding their relation-
ships with physicians on August 1, 
2013 and will submit their fi rst federal 
reports by March 31, 2014. CMS will 

then publish the data on a public web-
site by September 30, 2014. What’s 
included? “The Sunshine Act requires 
that pharmaceutical/device compa-
nies report to the federal government 
anything of value that they provide 
to doctors in excess of $10. In doing 
so, they must indicate what products 
that exchange is related to,” says Da-
vid Grande, MD, MPA, assistant pro-
fessor of medicine at the University 
of Pennsylvania, and senior fellow at 
the Leonard Davis Institute of Health 
Economics, Philadelphia.

The goal is transparency. “You 
should know when your doctor has a 
financial relationship with the com-

panies that manufacture 
or supply the medicines 
or medical devices you 
may need,” says Peter Bu-
detti, MD, CMS deputy 
administrator for Program 
Integrity. “Disclosure of 
these relationships allows 
patients to have more in-
formed discussions with 
their doctors.”

This is just the latest 
move to clean up the rela-
tionship between pharma-
ceutical companies and 
physicians. In 2009, the 
Pharmaceutical Research 
and Manufacturers of 

Physician Payment Sunshine Act
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America banned all “non-educational” 
gifts from pharmaceutical companies 
to doctors. Gifts that were no longer 
allowed included pens, notepads, cal-
endars and other items. Drug samples 
were still allowed. This occurred after 
the Sunshine Act was proposed.

Is the Sunshine Act Needed?

According to Dr. Grande, during 
the past decade a lot of attention has 
been paid to the overall role that mar-
keting plays in terms of influencing 
doctors’ prescribing. There is increas-
ing evidence that marketing does have 
a meaningful impact on the prescrib-
ing decisions that doctors make. 

“Certainly, there are the high-pro-
fi le examples of new drugs that doc-
tors started adopting very quickly that 
were later found to have safety risks, 
such as Vioxx,” Dr. Grande says. “The 
general thought behind this is that 
marketing leads to overutilization of 
certain high-cost medications and that 
by reining in marketing, it will hope-
fully reduce that to some extent. A 
bigger issue is that these relationships 
in general were starting to cast doctors 
in a bad light with the public and with 
patients, and it was leading to lots of 
questions about what was motivating 
doctors’ decisions. From the perspec-
tive of a physician, whether it moves 
the needle on costs or not is an unan-
swered question. Whether it starts to 
hopefully clean up some questionable 
relationships that I think the public 
found troubling is potentially more 
important.”

There is good research and science 
to show that even small gifts have in-
fl uence in many ways. “For example,” 
Dr. Grande says, “we all receive return 
address labels in the mail from various 
nonprofi t organizations trying to get us 
to make donations to them because we 
feel guilty about receiving free mailing 
labels and we want to give something 
back. We don’t necessarily acknowl-
edge that, but it is a psychological phe-

nomenon that works on people. There 
is evidence that human psychology 
is at play even when you are talking 
about small stuff.”

Allison W. Shuren, an attorney and 
partner at the Washington, DC, fi rm 
of Arnold and Porter, which special-
izes in health care, agrees. “Patients 
may not understand that a treatment 
decision may be made based on a fi -
nancial relationship,” she says. “Of 
course, choosing a device based on a 
patient’s needs and choosing a device 
based on a fi nancial relationship are 
not mutually exclusive. Doctors typi-
cally choose to associate with com-
panies whose products they think 
are good.”

Because this information will be 
public and can be misinterpreted by 
patients, physicians may need to re-
consider the number and types of re-
lationships they have with industry, 
because patient trust can be tied to 
these relationships.

In 2012, Dr. Grande authored a 
study that found that patients perceive 
physician-industry gift relationships 
as common.1 Additionally, the study 
found that patients who believe that 
gift relationships exist report lower 

levels of physician trust and higher 
rates of distrust of the health-care sys-
tem. The study included adult patients 
in 40 large metropolitan areas and was 
a cross-sectional, random telephone 
survey. Of these survey respondents, 
55 percent believed their physician 
was receiving gifts, and 34 percent be-
lieved that almost all doctors receive 
gifts. Interestingly, younger patients 
and those with higher socioeconomic 
status were more likely to believe their 
physician received gifts. In multivari-
ate analyses, those who believed that 
their personal physician received gifts 
were more likely to report low physi-
cian trust and high health-care sys-
tem distrust. Additionally, those who 
believed almost all doctors accept 
gifts were more likely to report low 
physician trust and high health-care 
system distrust.

Similarly, a study conducted at Penn 
State found that accepting gifts from 
the pharmaceutical industry has impli-
cations for the doctor-patient relation-
ship.2 This study found that accepting 
gifts can undermine trust and affect 
patients’ intent to adhere to medi-
cal recommendations. In this study, 
a cross-sectional, self-administered 
61-item survey was administered in 
fi ve outpatient clinic waiting rooms at 
a U.S. medical center in 2008. Two-
hundred twenty consecutive English-
speaking adults were invited to partici-
pate, and 192 did so. While most were 
unaware of particular interactions 
between physicians and the pharma-
ceutical industry, approximately half 
would want to know if their physician 
accepted gifts valued at more than 
$100. A majority indicated they would 
have less trust in their physicians if 
they learned that he was accepting 
gifts valued at more than $100 or went 
on industry-sponsored trips or sport-
ing events. It is important to note that 
25 percent said they would be less 
likely to take a prescribed medica-
tion if their physician had recently ac-
cepted a gift in return for listening 

Most patients in a 
recent study said 

they’d have less trust 
if they learned that 
their physician was 

accepting gifts valued 
at more than $100 

or went on industry-
sponsored trips or to 

sporting events.
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to a pharmaceutical representative’s 
presentation about that drug.

Restricting industry gifts has also 
been found to infl uence physicians’ 
behavior. A recent study conducted at 
Yale found that exposure to a gift re-
striction policy during medical school 
was associated with reduced prescrib-
ing of two out of three newly intro-
duced psychotropic medications.3

This study included 14 U.S. medical 
schools with an active gift restriction 
policy in place by 2004. The study 
examined the prescribing patterns in 
2008 and 2009 of physicians attend-
ing one of the schools, compared with 
physicians graduating from the same 
schools before the implementation of 
the policy, and a set of matched con-
trols. For two of the three medications 
examined, attending a medical school 
with a gift restriction policy was as-
sociated with reduced prescribing of 
the newly marketed drug. Among the 
students who had a longer exposure 
to the policy or who were exposed to 
more stringent policies, prescribing 
rates were further reduced.

How Will Reporting Work

Companies will start reporting on 
August 1, 2013. There will then be a 
review period, during which doctors 
will get to see what has been reported 
about them. If there is a discrepancy, 
then the doctor will have an opportu-
nity to reconcile with the drug compa-
ny or device manufacturer. Then, the 
fi rst publicly available information will 
be on the website in September 2014.

“The onus really falls on the phar-
maceutical companies. They are the 
ones who have to do all the record-
ing,” Dr. Grande says.

However, Ms. Shuren notes that 
doctors should be keeping their own 
records in terms of what arrange-
ments they have with manufacturers 
to make sure that the reported data 
are accurate. “It’s not a requirement,” 
she says, “but it’s something that I will 

suggest to my clients. Each year, you 
should go into the database during 
the 45-day review period and look at 
what any manufacturer has reported 
to make sure that you agree with it.”

What is reportable? According to 
Ms. Shuren, the terms are “payment 
or transfer of value” or an “ownership 
interest,” so there are two categories 
of fi nancial relationships that need to 
be reported. “Then, there are very 
specifi c categories within those such 
as travel, consulting, etc., under ‘pay-
ment or transfer of value,’ ” she says.

Confusion and Misinterpretation

There have already been instances 
of confusion on the part of doctors 
and misinterpretation on the part of 
patients. For example, Ms. Shuren 
notes that there has been concern 
from doctors in group practices where 
one of the doctors in the group does 
a lot of consulting. “They wanted to 
make sure that all the other doctors in 
the group weren’t considered part of 
that relationship because some physi-
cians just don’t want to be associated 
with that,” she says. 

Shareef Mahdavi, president of SM2 
Strategic, a health-care consulting 
fi rm, says that the Sunshine Act will 
have a profound impact on the rela-
tionship between manufacturers and 
doctors. “In a third-party payer sys-
tem, you’ve got to have transparency, 
so this is a good thing,” he says. “It 
is going to come as a shock or a sur-
prise to a lot of physicians. But, I’ve 
already seen articles in local newspa-
pers that demonize the doctor. A doc-
tor may have been paid a few hundred 
dollars, and now all of a sudden he 
is considered a big-time consultant 
for a manufacturer, which creates a 
risk of misinterpretation by patients. 
Doctors need to understand that this 
could have a profound impact on how 
patients view them.”

Additionally, he notes that compa-
nies that do not market any products 

that are reimbursed by the govern-
ment are not included in the Sunshine 
Act. “In elective medicine, with a fi rst-
party payer, the manufacturer does not 
take any money from the government, 
and the Sunshine Act doesn’t apply,” 
says Mr. Mahdavi. “In other words, if a 
company only makes non-reimbursed 
items, this doesn’t apply. But if a com-
pany makes both non-reimbursed and 
reimbursed products, then all relation-
ships are reported.”

The Future

While the regulations just released 
have been called the fi nal regulations, 
Ms. Shuren notes that revisions are 
still a possibility. “Of course, [CMS] 
could determine a year from now that 
it’s horrendous and doesn’t work, and 
they could then go through the pro-
cess again and then finalize again,” 
she says.

She notes that some of these re-
lationships between physicians and 
pharmaceutical companies/device 
manufacturers are really important 
and do produce better technology 
and better care, while some of the 
relationships are not so pure.

“There are going to be lots of edu-
cational opportunities out there for 
doctors to learn how to navigate this,” 
says Ms. Shuren. “When CMS sets up 
the website, there will be information 
posted there, as well. Just like any-
thing new, doctors should make sure 
they are educated about it and that 
they understand what information 
is going to be recorded. This should 
not be particularly onerous on physi-
cians in terms of administrative cost 
or need.”  

1. Grande D, Shea JA, Armstrong K. Pharmaceutical industry 
gifts to physicians: patient beliefs and trust in physicians and the 
health care system. J Gen Intern Med 2012;27(3):274-279.
2. Green MJ, Masters R, James B, Simmons B, Lehman E. Do gifts 
from the pharmaceutical industry affect trust in physicians? Fam 
Med 2012;44(5):325-331.
3. King M, Essick C, Bearman P, Ross JS. Medical school gift 
restriction policies and physician prescribing of newly marketed 
psychotropic medications: Difference-in-differences analysis. 
BMJ 2013;346:f264.s
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Corneal Disease

It appears devastating and it truly 
is. A crescent, peripheral, cor-
neal thinning and ulcerative 

process that—even though its pro-
gression can be slow—is marked by 
outcomes that can be extremely dif-
ficult to manage. Peripheral ulcer-
ative keratitis is known to be caused 
by a variety of conditions including 
infections, lid abnormalities, skin 

disorders, and autoimmune diseases. 
Nevertheless, one of the main au-
toimmune disease categories that 
causes PUK is vasculitides/collagen 
vascular disease.1,2 Nearly half of all 
non-infectious causes of PUK are 
due to a collagen vascular disease.6

Ophthalmologists play a signifi-
cant role in the process of provid-
ing adequate care for vasculitic PUK 

Patients with 

peripheral 

ulcerative keratitis 

need urgent 

attention—

proper and timely 

intervention in 

many cases can 

save their lives.

Sohrab Tofi gh, MD, and Manuj Kapur, MD, Galveston, Texas

Meet the Challenges of 
Vasculitic PUK

Figure 1. Peripheral ulcerative keratitis is an ulcerative process presenting with
crescent-shaped peripheral corneal thinning and stromal infl ammation.
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patients. Any time 
one sees necrotizing 
scleritis and/or PUK 
in patients with pre-
existing autoimmune 
systemic vasculitis, 
the vasculitis must 
be considered active 
until proven other-
wise. These patients 
need urgent attention 
as prompt systemic 
medical intervention 
in many cases can save 
their lives.

Some of the chal-
lenges that ophthal-
mologists often face 
with vasculitic PUK 
include the clinical 
presentation, diagno-
sis and the appropriate 
workup. This review 
includes some of the 
main etiologies, characteristic clini-
cal presentations, laboratory/clinical 
workups and treatments, as well as 
recommended follow-up patterns for 
vasculitic PUK.

Etiology 

Autoimmune vasculitis is thought 
to be caused by circulating antibodies 
within the body, such as antineutro-
phil cytoplasmic antibodies. Produc-
tion of these compounds is usually 
T-cell mediated and the resulting 
infl ammation can involve large, me-
dium or small vessels.3,4 Even though 
the systemic infl ammation caused by 
all of these autoimmune vasculitic 
diseases can result in some degree 
of ocular symptoms as well as the 
systemic manifestations, the major-
ity of the ocular symptoms are usu-
ally noted with the medium- and 
small-sized vasculitic diseases such as 
rheumatoid arthritis; systemic lupus 
erythematosus; relapsing polychon-
dritis; Wegener’s granulomatosis; and 
polyarteritis nodosa.5,6,9-11

Unlike the central cornea, which 
acquires its main nutritional re-
sources from an avascular pattern, 
the peripheral cornea obtains a part 
of its nutritional requirements from 
the limbic capillary arcades, which 
extend about 0.5 mm toward the cen-
tral cornea.7 This direct exposure of 
the peripheral cornea to the circu-
latory compounds, which in cases 
of vasculitis include inflammatory 
cytokines as well, is thought to be 
the main cause of the involvement 
of the peripheral cornea in systemic 
autoimmune vasculitic processes.6,7

Ocular Presentation of PUK

Ocular manifestations of vasculitis 
PUK can present with generalized 
symptoms and physical exam fi ndings 
that usually are not specifi c to the exact 
underlying vasculitic disease. How-
ever, these symptoms and fi ndings are 
usually specifi c and suffi cient enough 
to raise the concern for an underlying 
systemic disease and further workup. 

Initial presentation of vasculitic 

PUK usually involves 
juxtalimbal periph-
eral corneal stromal 
thinning overlying 
epithelial defect, and 
usually a line of stro-
mal inflammation 
at the leading edge. 
There can also be 
an association with 
keratoconjunctivitis, 
episcleritis, anterior 
or posterior scleritis, 
and/or retinal vascu-
litis. But of these, the 
two most sight-threat-
ening complications 
are scleritis and PUK. 
Peripheral ulcerative 
keratitis may begin 
as an area of cor-
neal thinning which 
evolves into a corneal 
ulcer, and eventually 

has the potential for causing corneal 
melting and perforation from further 
thinning.8

It is signifi cant to note that one of 
the main differentiating aspects be-
tween vasculitic PUK and the other 
types of corneal peripheral ulcerative 
diseases is the presentation of the 
systemic manifestations along with 
the corneal defects. As a result, it 
is highly benefi cial for the ophthal-
mologist to obtain a comprehensive 
review of systems if suspicious for 
vasculitic PUK.6

Mooren’s ulcer can look very similar 
to vasculitic PUK, as well. However, 
there are three major features that 
differentiate the two diagnoses. First, 
patients with Mooren’s ulcer com-
plain of severe eye pain, which can be 
out of proportion to the clinical exam. 
Second, Mooren’s ulcer does not have 
an associated scleritis, which may be 
seen in a PUK associated with col-
lagen vascular disease. Third, Moo-
ren’s ulcer is a diagnosis of exclusion 
and can be associated with hepatitis 
C and parasitemia, but not due to a 

Figure 2. Vasculitic PUK usually involves juxtalimbal peripheral corneal stromal 
thinning with an overlying epithelial defect, as evidenced by fl uorescein staining.
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collagen vascular disease. Therefore, 
a collagen vascular disease should be 
ruled out prior to reaching this diag-
nosis. Rheumatoid arthritis, system-
ic lupus erythematosus, Wegener’s 
granulomatosis, polyarteritis nodosa 
and relapsing polychondritis are main 
systemic disorders that are associated 
with small-vessel vasculitic PUK.

Clinical Presentation

Rheumatoid arthritis is a general-
ized, chronic, inflammatory polyar-
thritis with early morning stiffness 
and involvement of three or more 
joints (typically proximal interphalan-
geal, metacarpophalangeal or wrist 
joints).26 RA is the most common col-
lagen vascular disease associated with 
peripheral ulcerative keratitis. 

Systemic lupus erythematosus is a 
predominantly young female disease 
with arthritis that typically involves 
the hands. Most of these patients also 
develop a butterfly facial rash with 
erythema over the cheeks and nose. 
The rash usually appears after sun 
exposure and lasts a few days with fre-

quent recurrences. Exposure to sun 
may exacerbate or even induce the 
fi rst sign of lupus. Raynaud phenom-
enon, kidney disease (proteinuria), 
lung involvement (pleuritis), leukope-
nia, anemia and pericarditis are some 
of the other manifestations of SLE.6,26

Wegener’s granulomatosis is a nec-
rotizing granulomatous vasculitis with 
bloody or purulent nasal discharge 
and oral ulcers. WG can also involve 
pleuritis along with dyspnea and pain-
ful hematuria. Furthermore, WG pa-
tients can suffer from bone and carti-
lage destruction, causing saddle nose 
deformity and subglottic stenosis.26

Relapsing polychondritis is a col-
lagen vascular disease with recurrent 
infl ammation of the cartilaginous tis-
sues, which most commonly targets 
the ear and nose. The affected au-
ricles develop violaceous, erythema-
tous appearance with sparing of the 
non-cartilaginous ear lobes. Recurrent 
infl ammation of the cartilaginous por-
tion of the ear results in loss of struc-
tural integrity, and subsequent “fl oppy 
ears.” The most life-threatening mani-
festation of this disease is involvement 

of the large airways, specifically the 
larynx, trachea and bronchi. This can 
cause signifi cant obstructive lung dis-
ease, sleep apnea and post-obstructive 
pneumonia.6

Polyarteritis nodosa is a necrotizing 
nongranulomatous vasculitis arthral-
gia that can involve mononeuritis 
multiplex, cardiac and gastrointesti-
nal involvement. Unlike WG, PAN 
patients do not have pulmonary and 
renal involvement. Hepatitis B or C 
can be associated with PAN, which 
is subdivided into three major forms: 
classic; Churg-Strauss syndrome; 
and an overlap syndrome of systemic 
necrotizing vasculitis.26 Some of the 
main clinical symptoms of PAN in-
clude lower extremity erythematic 
nodules on the skin, abdominal pain 
and a mononeuropathy multiplex in-
volving both sensory and motor func-
tions of peripheral nerves such as 
ulnar and radial nerves.26

Workup

A complete and comprehensive re-
view of systems should direct the cli-
nician toward the appropriate labora-
tory workup. After carefully excluding 
infectious etiologies, we suggest an 
auto-immune workup that includes 
complete blood count; antinuclear 
antibody; rheumatoid factor; antineu-
trophil cytoplasmic antibodies; chest 
X-ray; perinuclear anti-neutrophil cy-
toplasmic antibodies; hepatitis anti-
body panel; sedimentation rate; and 
C-reactive protein.6,9-11 A chest X-ray 
and radiograph of the sinuses may be 
indicated if one suspects SLE, WG or 
RP. This workup can be refi ned based 
on a detailed review of systems, and 
pertinent exam fi ndings. 

Very elevated titers of IgM-rheu-
matoid factor are present during 
the active vasculitis phase in rheu-
matoid arthritis. In systemic lupus 
erythematosis, ANA and anti-dsD-
NA antibodies are present and are 
highly sensitive—90 percent and 70 

Figure 3. Vasculitic PUK may begin as an area of corneal thinning that may evolve into a 
circumferential corneal ulcer, and can lead to corneal melting and perforation.
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percent, respectively. In Wegener’s 
granulomatosis, the sensitivity of the 
C-ANCA test is nearly 100 percent 
in patients with active disease.23 Re-
lapsing polychondritis does not have 
any specifi c laboratory test available. 
Therefore, the diagnosis is strictly 
based on the clinical presentation.24

Of the three forms of polyarteritis 
nodosa cited earlier, classic polyar-
teritis nodosa usually results in me-
dium-size vessel aneurysm forma-
tion, without renal and pulmonary 
involvement. Also, in classic PAN, 
ANCAs are typically absent, while 
the other two forms are ANCA-posi-
tive. In Churg-Strauss syndrome and 
microscopic polyangiitis, P-ANCA is 
positive in 50 percent of patients.25

Treatment

The main treatment of a vasculitic 
PUK is indeed treating the underlying 
systemic vasculitis, which, depending 
on the different categories/types, usu-
ally involves different types of systemic 
immunosuppressants. Most ophthal-
mologists are not commonly prescrib-
ing steroid-sparing immunosuppres-
sants. So, the role of a specialist with 
expertise in managing immunomodu-

lation therapy is crucial. Such a spe-
cialist, like a rheumatologist, can help 
in collectively administering systemic 
corticosteroids as well as initiating a 
steroid-sparing agent, or modify the 
current regimen in order to better con-
trol the active vasculitis. 

From an ocular standpoint, aggres-
sive lubrication with preservative-free 
artificial tears and topical antibiotic 
ointments such as erythromycin oph-
thalmic ointments are appropriate 
starting points. The next step can 
involve initiating a matrix metallo-
proteinase inhibitor like doxycycline, 
which can also decrease collagenase 
activity and slow the corneal melt-
ing.6,18 If no epithelial defect is pres-
ent, topical corticosteroids can also 
be initiated. One should be cautious 
using topical non-steroidal anti-in-
fl ammatories, as they can upregulate 
matrix metalloproteinase expression, 
increasing the likelihood of corneal 
melting.20,21 Topical fl uoroquinolones 
should also be used with caution, as 
they can increase the upregulation of 
MMP expression.19,22 Such increased 
expression can also accelerate corneal 
thinning and melting. 

Oral non-steroidal anti-inflam-
matory drugs may be sufficient in 

relatively mild ocular involvement, 
such as episcleritis or non-necrotiz-
ing scleritis. However, in most cases, 
these therapies are not successful.12,13

PUK with vasculitis responds much 
better to oral corticosteroids. In fact, 
SLE-induced PUK has been shown 
to only respond to oral/systemic ste-
roid therapies.14 The systemic cor-
ticosteroids are started at a dose of 
1 mg/kg/day and tapered over sev-
eral months, while a steroid-sparing 
agent is added or modifi ed.15-17 Oral 
corticosteroids are usually tapered 
down to a low maintenance dose of 
5 to 10 mg po daily. But, the steroid-
sparing agent is maintained.

The appearance of a vasculitic PUK 
in light of a previously diagnosed au-
toimmune vasculitis is a clinical sign 
of an active/poorly controlled system-
ic inflammation. Therefore, imme-
diate adjustments in systemic treat-
ments should be considered in order 
to avoid other systemic complications. 
Ultimately, these patients are man-
aged with long-term, steroid-sparing 
agents, such as antimetabolites, T-cell 
inhibitors, alkylating agents and bio-
logic agents. The rheumatologist or 
the primary-care physician is involved 
in order to manage the systemic side 
effects of oral corticosteroids and ste-
roid-sparing agents. 

Follow-up

One of the main concerns with vas-
culitic PUK is the risk of corneal per-
foration and melting.2,6 As a result, 
the follow-up timeline of this compli-
cation is relevant to the progression 
of the disease once the treatment 
has been initiated. In general, as in 
the case with other types of corneal 
ulcerative diseases, vasculitic PUK 
cases would benefi t from close fol-
low-ups over fi ve to seven days, until 
signs of symptomatic improvement 
as well as epithelial healing over the 
ulcerative area have been noted. 

PUK may be the first sign of 

Figure 4. Rheumatoid arthritis-associated PUK after treatment.
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systemic vasculitis, and point to a life-threatening colla-
gen vascular disease. It is diagnosed with a thorough re-
view of system, appropriate clinical exam and laboratory 
testing. It is important to realize that the main treatment 
for vasculitic PUK is systemic immunosuppression with 
oral corticosteroids as well as steroid-sparing agents. It 
is imperative to seek prompt medical help from other 
medical care providers such as rheumatologists when 
it comes to managing the active systemic vasculitis and 
systemic interventions. These steps can not only save 
the ocular tissue, but ultimately, can save a patient’s life.  

Dr. Tofi gh and Dr. Kapur practice in the Department 
of Ophthalmology at the University of Texas Medical 
Branch, Galveston. They thank Alejandro Navas, MD, 
MSc, associate professor of ophthalmology at the Insti-
tute of Ophthalmology “Conde de Valenciana,” Mexico 
City, for the use of Figures 1 and 2.
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Development of new medi-
cations is key to advancing 
ophthalmology in the 21st 

century and for providing new thera-
pies to help fi ght blindness. Typically 
new ideas for ophthalmic treatments 
come from new technology, alterna-
tive medicines within the same class 
or additional uses for older medica-
tions. These ideas often arise from 
frontline, innovative scientists or 
physicians who are in a position to 
perceive patients’ needs.

However, for these new inventors, 
who are trained in the healing and 
scientific arts, becoming skilled in 
the process of drug development 
may seem a daunting task. In con-
trast, if inventors instead entrust 
their idea to a management team 
they may sense they have lost control 
of their invention, and that the value 
their accomplishments is not fully 
appreciated. Unfortunately, there 
is little information available to the 
inventor to help learn the skills of a 
drug development entrepreneur.

The purpose of this article is to 
outline basic steps for physicians and 
scientists regarding how to form a 
new, vibrant start-up and set them-
selves on the path to developing a 
successful new treatment. This arti-
cle is meant only as a primer to start-
ing a new pharmaceutical company 

and cannot replace more detailed 
information from Food and Drug 
Administration documents and ap-
propriate consultants.1

Confi dentiality Agreements

The fi rst step for inventors is to en-
sure they protect their intellectual 
property. If they are not careful, their 
new idea can be stolen from them 
even before they start development. 
Consequently, prior to discussing the 
medicine with anyone else, the inven-
tor should request a confidentiality 
agreement (CDA). For the novice 
inventor, this may seem like overkill. 
However, for those working in the 
pharmaceutical industry, it is the an-
ticipated fi rst step before any discus-
sion. CDA templates can be found 
online and adapted to personal pref-
erences. If any doubts exist about the 
quality of a CDA it should be sent to a 
corporate attorney for review.

Once a CDA has been signed, dis-
cussions about IP can proceed. How-
ever, care should always be taken to 
limit IP discussions to those the inven-
tor trusts, as even a well-written CDA 
cannot assure complete protection.

Patent Protection

As soon as possible, the inventor 
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should fi nd a reliable pharma-expe-
rienced patent attorney to aid in de-
veloping an initial fi ling for his pat-
ent in the United States or other 
target country. The patent fi ling 
is not an issued patent itself, but 
will provide protection so an-
other individual cannot fi le the 
same invention. This attorney 
also can guide in analyzing the 
start-up’s freedom-to-operate 
within the scope of existing patents 
and public information (prior art), 
for the product, its formulation and 
how it will be delivered.2

Although the total cost for is-
sued patents, maintenance fees, 
attorneys’ fees and freedom to 
operate analyses may be quite ex-
pensive (easily costing in the six 
digits during development of the 
product), fi ling an initial patent to 
protect your IP can be fairly in-
expensive, depending on the fi rm 
(as low as $1,000).2

Business Plan

Early in the development process 
the inventor should develop a com-
prehensive business plan. Although 
this seems like an arduous task, it 
is a very helpful step to assure the 
inventor has formulated answers to 
basic, pertinent questions regarding 
his product. Further, it prepares the 
inventor to articulate his company’s 
story so he can better express it to 
others. In addition, it assists the in-
ventor to assess whether he really has 
a viable product and business model. 
Business plan templates are avail-
able on the Internet, and they typi-
cally are organized along these lines: 
summary; company description; new 
medicine description; product need; 
competition analysis; funding re-
quest; and budget.

Chief Executive Offi cer

The inventor will soon need to 

decide if he 
will develop his 
own product or hire a chief 
executive officer to direct 

their company. Relinquishing 
the CEO role may be a diffi cult 

choice because it requires the 
inventor to surrender most of 

the day-to-day control of the 
company. 

The CEO position generally 
is full-time and should not be 
undertaken by someone too dis-
tracted with other activities. The 
demands upon the CEO make 
it diffi cult for inventors to per-
form this function themselves 

if they have demanding labora-
tory or clinical duties. In addition, 

the inventor may lack connections in 
the investment and the development 
communities, as well as business ex-
perience, to manage a start-up and 
mature the product to commercial-
ization or licensing. In most instanc-
es it makes sense for inventors to hire 
a CEO they trust and with whom 
they can work closely.

If the inventor chooses to hire a 
CEO, the decision should be made 
carefully. A start-up CEO often 
comes from a large pharmaceutical 
company, is frequently in his or her 
mid- to late-career, and is willing 
to assume the risks of developing a 
new company.3 Generally, the start-
up CEO receives a salary (low end of 
range is $120,000/year [1998 data]) 
and a stake in the company typically 
of up to 10 percent with potentially 
a yearly option package.2 One previ-
ous article stated that prior execu-
tive or ophthalmology experience 
was not necessary for an ophthal-

mic start-up CEO, although the 
former fi nding was of marginal 

signifi cance.4 The remainder of 
this article assumes the inven-
tor will hire a CEO. 

Organization 

In organizing the new compa-
ny, the CEO must soon consider its 
overall personnel structure. There 
are two basic choices. The fi rst is to 
hire a staff of professionals to provide 
all aspects of preclinical and clini-
cal development. Although possible 
with adequate funding, this design 
requires a huge effort in time de-
voted to human resources, adequate 
facilities and high fixed costs until 
development is complete. 

Although considered controver-
sial by some, in this electronic age 
it is possible for the CEO to be the 
only full-time employee and orches-
trate a virtual company to perform 
most aspects of development. This 
lends an advantage of utilizing oph-
thalmic-experienced pharmaceuti-
cal professionals who contract only 
when services are needed and can 
live in diverse locations, as well as 
permitting the company to be easily 
remodeled over time according to 
development needs. Further advan-
tages include reduced HR issues and 
fi xed costs (including personnel and 
facility expenses). For simplicity, the 
remainder of this article assumes the 
CEO will use a virtual model.

The CEO is responsible for creat-
ing an organization structure that 
allows easy and accurate tracking 
of every aspect of the business. All 
important details must be carefully 
organized and documented. Some 
level of administrative help, prefer-
ably experienced in pharmaceuticals, 
is most helpful at this point. 

There are a number of excellent 
inexpensive organizational electronic 
tools available, many through the 
Microsoft Offi ce Suite of products. 
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Numerous useful templates are built 
into the software, with more easily 
identified for download by a quick 
Internet search. Excel spreadsheets 
are one example of a useful tool for 
tracking and organizing development 
tasks.

Online data storage not only pro-
vides secure storage and backup of 
documents, but also allows remote 
access for team members. Strong 
consideration should be given to im-
plementing cloud services for a new 
start-up.

Other experienced contractors, 
apart from an administrative assis-
tant, can help the CEO with estab-
lishing essential procedures, such as 
a corporate attorney to review CDAs 
and contracts, a bookkeeper to set 
up accounting procedures, and an 
accountant for yearly audit and tax 
assistance.

The organization the CEO cre-
ates may be vital for success. A re-
cent study we conducted evaluat-
ing success factors for ophthalmic 
pharma start-ups found that there 
was a greater chance statistically of 
a fi nancial exit (sell or licensure) for 

companies that do so five years or 
sooner after incorporation and who 
were further along in the develop-
ment process. Although the study was 
small (n=25) it implies that develop-
ing an effi cient, well-fi nanced devel-
opment plan may increase the chance 
for a fi nancial exit4 (See Figure 1).

Board of Directors

Once the company incor-
porates and invites other 
investors to participate in the 
venture, the start-up should create 
a board of directors. The BOD ide-
ally should be founded using board 
governance techniques such as 
described by John Carver.5

BOD members should be cho-
sen carefully, as they supervise 
the CEO and represent the share-
holders. They should be affable and 
able to work as a team. Ideally the 
CEO should draw from a diverse 
group of individuals who share at 
least some comprehension of, and 
patience with, the rigors of  pharma-
ceutical development. However, our 
previously mentioned study noted 

that the number of BOD members 
and their prior ophthalmic or BOD 
experience was not specifi cally im-
portant to success.4

Having a member with scientific 
expertise is helpful in advising other 
members regarding technical ques-

tions. In addition, some mem-
bers should possess enough fi -

nancial means to support the 
company in urgent times and 
bring new investors to the 
company. 

The typical start-up BOD size 
is small, and members are usually 
compensated with at least a com-
pany stock option package.5 The 

CEO usually serves on the board, 
but should not be the chairman.5

The BOD usually meets at least 
quarterly, and as needed.

Funding

Paramount to a successful start-
up is funding for the venture. The 
inventor probably will not have suf-
fi cient savings to completely fund the 
new venture. The inventor, however, 
does have ownership equity, which 
can be used to induce others to help 
develop the new treatment.

Owner’s equity can be a diffi cult 
subject for the inventor because 
he may wish to keep his equity and 
protect the rewards of his invention. 
However, investors also have worked 
hard for their money and seek a good 
return on such a high-risk invest-
ment. Consequently, the investor and 
the inventor can help each other, but 
it requires dispersing owner’s equity, 
over time, in a judicious manner. The 
inventor may end up owning only a 
small percentage of the entity but in 
a successful company this value may 
still be quite high!

Generally, funding a new ophthal-
mic start-up occurs in three rounds, 
A, B and C. The A round is often 
called the friends and family round, 
from whom the inventor may receive 

Figure 1. The New Drug Development Process: Steps from
Test Tube to New Drug Application Review12
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initial funding for the venture. This 
round also might include public or 
private grants or so-called “angel 
group” funding. The amount may 
range approximately from $100,000 
to $1 million and funding often leads 
to product identification as well as 
preclinical effi cacy, pharmacology and 
non-GLP (Good Laboratory Prac-
tice ) toxicology studies and the initial 
simple formulation of the new medi-
cine. The B round also may derive 
from wealthy private individuals and/
or an angel group that would further 
the invention, perhaps through GLP-
preclinical research into clinic test-
ing. B-round funding typically ranges 
between $6 million and $10 million.6

Ultimately, the start-up must 
make a decision to develop and mar-
ket its own product or license the 
medicine to a larger company that 
will complete development. Re-
cently, to minimize risks, both big 
pharmaceutical and venture capi-
tal groups frequently have delayed 
funding new ventures, often until 
the end of human trials.7 Conse-
quently, the CEO often must raise 
enough lower-level funding to bring 
the product to the beginning of hu-
man trials.7 Our survey of ophthal-
mic start-up CEOs showed that pro-
curing fi nancial funding is by far the 
CEOs’ biggest concern.8 The CEO 
of a start-up may spend a lot of time 
raising funds and face rejection on 
many occasions.

If a CEO can mature the product 
for human (Phase III) trials, large 
pharmaceutical or VC groups may 
more likely consider an investment 
(C round), license or purchase of the 
company. However, VC groups may 
insert their own personnel into the 
company or board to help manage 
the product. This assistance may be 
an advantage to the CEO because of 
an angel’s or VC’s start-up experience. 
However, it may cause the CEO and 
the BOD to sense they have lost man-
agement control. C round funding 

may easily reach $20 to $50 million 
to complete the development of the 
project through human trials.

Market Analysis

There are more than 200 products 
currently being developed by both 
large and small pharmaceutical 
companies in ophthalmology 
(Internal data, PRN Phar-
maFarm). Consequently, 
adequate market analy-
sis for a new product is 
vital to accurately judge 
the opportunity. Often a 
CEO and inventor may not 
recognize the importance of care-
ful market assessment since 
they themselves are excit-
ed about the potential of 
their product.

Inexpensive analy-
ses can be performed by surveying 
ophthalmologists or optometrists to 
better understand if there is a per-
ceived need for the new treatment. 
Further, inexpensive patient surveys 
can be performed in physicians’ of-
fi ces, shopping malls or online, as ap-
propriate. The survey might assess: 
delivery route; dosing; willingness to 
pay out-of-pocket; clinical effect; and 
potential safety issues. Additionally, 
speaking with development profes-
sionals at large pharma companies 
may provide a sense of their potential 
future interest in the product. Even-
tually a reimbursement analysis of 
government and private payer groups 
may be warranted.

The CEO and inventor should as-
sess their own product carefully and 
its ability to compete in the market-
place, based on the available phar-
macologic, effi cacy and safety data, as 
well as a market analysis. Such infor-
mation should help the CEO discern 
if the product could succeed, despite 
the huge competition for funding 
that currently exists in the ophthalmic 
industry, and if not, what corrective 

measures are needed.

Lead Product Identifi cation

Once the CEO has established a 
legal structure, administrative sup-
port and IP protection, then, or at 

the same time, identifying 
the lead compound for devel-
opment is a primary concern. 

The choice of a compound 
should be based on a 
combination of under-

standing the pharmacology, 
toxicology and the effi cacy of 

the medication. This informa-
tion may be derived from the 
laboratory of the inventor, or 
by contract with a university or 

independent CRO. This part of 
the development may be com-
pleted relatively inexpensively 

by non-GLP procedures. GLP 
procedures are part of the regulatory 
requirements specifi ed by the FDA, 
which will later have to be followed.

The inventor may have a number 
of compounds that he believes are 
potentially suitable for development 
as the lead compound. Typically only 
one compound is developed because 
of the extensive fi nancial and regula-
tory requirements. A series of experi-
ments, using appropriate animal mod-
els if available, typically is designed to 
facilitate an understanding of which 
compound might be most available to 
the target tissue, effi cacious and safe.

Ultimately, the CEO and the in-
ventor should be able to narrate 
a story that the chosen lead com-
pound is effi cacious in an appropri-
ate animal model, is available at the 
targeted tissue in concentrations 
suffi cient to activate the targeted 
receptor or enzyme, and demon-
strates a favorable benefit/safety 
ratio. Also, ideally they should be 
able to describe the effect of the 
medicine on the targeted disease 
based on its known molecular-
based pathogenesis.
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GLP Pharmacology

As development progresses and 
the basic (non-GLP) pharmacology 
may be known, the CEO should con-
tract with a company that performs 
GLP pharmacology testing in oph-
thalmology. Importantly, this compa-
ny must perform the FDA-required 
pharmacology testing of the new 
medicine including absorption, dis-
tribution, metabolism and excretion 
(ADME), and safety pharmacology.

The ADME analysis is known as 
pharmacokinetics, which describes 
the effect the body systems have upon 
the medication. ADME analyses are 
also important to understand the me-
tabolites that are produced, and their 
concentrations, activity and toxicity.

In addition, pharmacology evalua-
tions should include GLP-compliant 
safety studies to understand the phar-
macodynamics (effect of the drug on 
the body) of the medicine and should 
be completed prior to human trials. 
The safety pharmacology core battery 
studies provide a greater understand-
ing of potential toxicity to the cardiac, 
pulmonary and neurologic systems. 
Additional safety pharmacology is 
performed on other organ systems as 
needed depending on the pharmacol-
ogy of the medicine.

Important also in safety pharma-
cology are studies evaluating the 
metabolism of the medicine and its 
infl uence on drug-drug interactions. 
A new product may influence the 
levels of another dosed medicine 
by altering its absorption, transport, 
distribution or excretion, as well as 
through induction or inhibition asso-
ciated with metabolic enzymes.9

GLP Toxicology

The last study often performed be-
fore initiating clinical studies is GLP 
toxicology. The concentrations chosen 
for this study should help clarify the 
safe concentrations to use in the fi rst-

in-human trial. In addition, the route 
of delivery should be the same, and the 
formulation should be similar to that 
planned for the clinical trial.

The toxicology study generally 
should be performed for the same 
length of time as planned for 
the initial human trial and 
should involve ophthal-
mic, systemic and labora-
tory evaluations along 
with necropsy, histol-
ogy, organ weights, 
blood chemistry, com-
plete blood count, urine 
analysis, animal weight 
and food consumption.

Topical Draize (for ocular ir-
ritation) hypersensitivity and 
phototoxity testing with 
the product may also be 
required. In addition, GLP 
toxicology studies include 
hazard screens, which evaluate the 
medicine regarding carcinogenesis, 
mutagenesis and reproductive ef-
fects. A toxicokinetic study may be 
required to help associate serum lev-
els and the timing of adverse events 
observed in the primary toxicology 
study. Again, the use of an ophthal-
mic-experienced CRO for GLP toxi-
cology studies is very helpful.

GMP Manufacturing 

Generally the fi rst formulation of 

a new product is made under non-
Good Manufacturing Processes and 
may be derived out of the inventor’s 
lab, an independent formulator or a 
university facility. This initial simple 
formulation is generally used for 

performing non-GLP efficacy, 
pharmacology and toxicity 
studies.

Soon however,  the 
CEO will need to con-

tract with contract 
research organiza-

tions (CRO) special-
izing in developing 
a GMP- compliant 
drug substance (DS) 

and drug product (DP) 
that will be utilized for 

initial human dosing. 
These companies will 
greatly assist the CEO 

with manufacturing 
needs. Irrespective of the CRO’s 
experience, the CEO must qualify 
these CROs and evaluate their ca-
pacity to perform GMP-compliant 
manufacturing.

GMP standards require that qual-
ity be built into every step of the 
synthesis and formulation process. 
Requirements increase as the DS 
and DP mature to their fi nal form for 
Phase III human trials.

The DS must have its clinical formu-
la, structure and scientifi c character-
istics determined (e.g., melting point, 
solubility, pH, etc.). For both DS and 
DP, the CRO must develop control 
standards for manufacturing including: 
personnel; production and processes; 
facilities; equipment; components; dis-
tribution; records; packaging; storage; 
laboratory; and returned medicines. 
The syntheses of the new compound 
ideally should be based upon known 
reference standards (e.g., US Pharma-
copeia).

Further, the DS and DP must 
provide proof that the product is stable 
(i.e., same as the length of the clinical 
trial or up to six months) and ultimately 

Pitfalls to Avoid

 • Inventor maintains responsibility 
for managing the company without 
relinquishing other responsibilities or 
learning CEO’s role.

•  Inventor underestimates monies needed 
to adequately fi nance development.

•  Inventor gives away too much or too 
little owner’s equity.

•  Inadequate market analysis to assess 
product’s chances for success.

•  Development plan is delayed through 
lack of funds or ineffi ciencies.
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to two years. Stability testing is un-
dertaken in a variety of standard and 
extreme conditions of humidity, light 
and temperature.

In addition for DP, ideally all ex-
cipients (non-active ingredients of 
the formulation) should have been 
used in the eye before and should 
be derived from a known reference 
standard. Further, the container sys-
tem also needs to be constructed un-
der FDA quality standards.

Regulatory

This is a vital part of the develop-
ment of any medicine. Early conversa-
tions with the FDA are encouraged 
and formal meetings can occur in a 
pre-investigational new drug meeting 
(PIND), often just before initiating the 
GLP toxicology study or the Investiga-
tional New Drug License (IND) appli-
cation. Following the GLP toxicology 
study, the IND application must be 
submitted to the FDA, with a 30-day 
waiting period for comments, before 
dosing human subjects can begin. Both 
the PIND letter and IND application 
are exacting documents. A regulatory 
contractor with ophthalmic experience 
is advisable to help guide these impor-
tant documents and the relationship 
with the FDA.

Most applications will require a 
505(b)(1) route, which is a full ap-
plication for a new clinical entity. 
There are occasions, however, when 
prior data exists for a new product. 
When available, the Hatch-Waxman 
Act (1984) allows for the use of prior 
research to save money and develop-
ment time; this is known as a 505(b)
(2) application.10

Clinical

Once ready to begin human test-
ing, the clinical development plans 
will vary according to the indication 
and compound. Clinical develop-
ment  should be performed under 

Good Clinical Practice 
regulations, which 
assure the pro-
tection of hu-
m a n  s t u d y 
subjects. All 
FDA regu-
l a t i o n s  
regarding 
m a n u -
facturing, 
c l i n i c a l 
o p e r a -
tions and 
laborato-
ry studies are 
found under 
the Code of Federal 
Regulations Title 21 (11).

Clinical development is 
performed in three 
phases. Phase 
I typically is 
done to obtain 
safety and dos-
ing information in 
healthy subjects. Phase II also gener-
ates safety and dosing information but 
tests patients with the target disease 
of the medicine. In some instances, 
combining Phase I and II is possible. 
Phase I and II studies usually are lim-

ited in scope, between 30 and 200 
subjects, and may be short in duration 

(indication-specifi c).
If a medicine proves 

safe and effective in 
Phase  II  t r ia l s ,  
the company will 

s c h e d u l e  a n 
end of Phase 
II conference 
with the FDA 
for Phase III 

p lanning.  
Sufficient 
d a t a 
should be 

avai lable 
from Phases I 

and II to choose the most 
effective and safe dosing 

regimen to ad-
v a n c e  i n t o  

Phase III.
T w o 

p i v o t a l 
Phase III 

studies typically are performed against 
a placebo- or active-control that is a 
gold standard for the intended indica-
tion. If the medicine demonstrates 
adequate effi cacy and safety in these 
two Phase III trials the company may 
submit a new drug application (NDA) 
to commercialize the product.

During development the new com-
pany may plan, for marketing reasons 
or resulting from FDA request, addi-
tional studies (Phase IIb or IIIb) that 
may clarify the pharmacology, dosing, 
safety or additivity of the new medica-
tion. Studies performed after com-
mercialization are known as Phase IV.

Clinical development involves in-
creased costs compared to laboratory 
studies. Generally in ophthalmolo-
gy, although no certain rules exist, 
about 1,000 subjects are needed for 
the safety database submitted to gain 
FDA approval. As in preclinical de-
velopment there are CROs that exist 
to handle the human testing aspects 
of new compounds.

The inventor probably 
will not have suffi cient 
savings to completely 
fund the new venture. 
The inventor, however, 
does have ownership 
equity, which can be 
used to induce others 
to help develop the 

new treatment.
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High Risk, High Reward

The development of a new medi-
cine in ophthalmology is a high-
risk, potentially high-reward ven-
ture. Pharmaceutical development 
is high risk, because of the com-
petition from other compounds of-
ten with the same indications (e.g., 
age-related macular degeneration, 
glaucoma and dry eye), the exacting 
nature of the regulatory require-
ments, the difficulty of obtaining 
financing, and a business model 
that does not easily allow for an 
early revenue stream to offset de-
velopment costs (Internal data, 
PRN CV).8

It is only through the efforts of 
capable physicians and scientists 
who shoulder these risks, along with 
those who finance and administer 
start-up companies, that new medi-

cines to fi ght blindness and improve 
the lifestyle of ophthalmic patients 
are developed.  

William and Jeanette Stewart are 
founders of PRN Pharmaceutical 
Research Network, LLC, an inter-
national ophthalmic clinical study 
management and consulting firm, 
as well as PRN PharmaFarm, LLC, 
which specializes in fi nancing new 
ophthalmic start-up companies to 
assist them in maturing their ven-
tures towards product commercial-
ization. Lindsay Nelson is a research 
coordinator for both companies. 
This article received no financial 
support from any private or govern-
ment funding source.

Contact Dr. Stewart at 109 E. 
17th St., Ste. 3407, Cheyenne, WY 
82001; e-mail: william.stewart@
prnorb.com; or visit prnorb.com.
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biotechsurvey2007.pdf. 
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Ophthalmic Research

Like the other components of 
the central nervous system, the 
optic nerve does not naturally 

regenerate. But evidence is emerg-
ing that neuronal structures like the 
optic nerve may be more resistant to 
permanent damage than we previ-
ously believed, with intrinsic molecu-
lar pathways for self-repair. If we can 
discover how these mechanisms work, 
vision scientists will be closer than ever 
before to fi nding new treatments for 
glaucoma and retinal disease—and to 
preventing blindness. 

Every day, those of us engaged in 
vision research are gaining new under-
standing of the molecular and cellular 
events that lead to degeneration of 
the retina and optic nerve in eye dis-
ease. And we are doing this not only 
by studying the eye, but by looking 
far away from the retina—in the op-
tic projection to the brain. The dis-
covery that optic nerve dysfunction 
in glaucoma can be detected early in 
the brain  has allowed us to view the 
disease through the same lens as we 
view other age-related neurodegen-
erative disorders, like Alzheimer’s and 
Parkinson’s. 

This breakthrough has initiated a 
paradigm shift in how we study this 
disease, and may open up an entirely 
new domain of nerve-derived thera-
peutics. It raises the possibility of using 

non-invasive imaging as an early diag-
nostic tool, lends insight into new drug 
targets that could help preserve func-
tion of the retina and optic nerve, and 
offers hope that we can reverse the 
damage caused by glaucoma and other 
degenerative eye disease by leveraging 
stem cell therapies and the explosion 
in micro-chip technology. 

Vanderbilt Symposium

This past October in Nashville, re-
searchers gathered for the Vanderbilt 
Eye Institute’s fifth biennial sympo-
sium titled “Regenerative Medicine 
in Glaucoma.” With the help of gifts 
from the Glaucoma Research Foun-
dation, the Ocular Research Symposia 
Foundation and Nikon Instruments, 
VEI garnered participants from across 
North America, representing some of 
the freshest and most insightful re-
search on regenerative medicine as a 
new therapeutic intervention.

The goal was to foster recent ad-
vances in our understanding of the 
neural basis for vision loss in glaucoma 
and related conditions. The confer-
ence hosted a multi-disciplinary cross-
fertilization among tissue engineers, 
stem cell biologists, pharmacologists 
and geneticists, and those research-
ing the molecular mechanisms of 
neurodegeneration. Over two days of 

Vision scientists 

are on their way 

to deciphering 

the causes 

of glaucoma, 

macular 

degeneration 

and other 

neurodegenerative 

eye conditions.

David J. Calkins, PhD, Nashville, Tenn.

New Directions in
Regenerative Medicine

074_rp0413_f6.indd   74 3/18/13   11:44 AM



Ask about 
optional Slit Lamp
& Chart Projector 
configurations.

*Lease rate subject to credit approval, 1st payment is paid for by leasing company at signing with 59 remaining rental payments of $269 and a $1.00
purchase option. Taxes, freight and installation additional. Hand Instruments optional. Quantities limited. Subject to change without notice.

Or Your Local Lombart Representative.

( 1 - 8 0 0 - 5 6 6 - 2 2 7 8 )

Corporate Office - 5358 Robin Hood Road, Norfolk, VA 23513-2430
757-853-8888 | FAX 757-855-1232 | 800-566-2278 | 800-446-8092

www.lombartinstrument.com

ATLANTA•BALTIMORE/WASHINGTON D.C.•BOSTON•BOYNTON BEACH/MIAMI•BRADENTON•CHARLOT TE
CHICAGO•CINCINNATI•DALLAS•DENVER•DETROIT•GREENSBORO•HOUSTON•KANSAS CIT Y•KNOXVILLE•LOS ANGELES

MILWAUKEE•MINNEAPOLIS•NEW JERSEY/NEW YORK•NORFOLK•PORTLAND•SACRAMENTO•SAN DIEGO•SAN FRANCISCO

RP0812_Lombart.indd   1 7/10/12   11:03 AM

http://www.lombartinstruments.com


Feature 
R

E
V

IE
W

speaker sessions and poster presenta-
tions, we looked at how regenerative 
and rehabilitative medicine could lend 
themselves as promising approaches 
towards new neuro-based treatments. 

Genetics and Gene Therapies

Gene therapies and regenerative 
medicine are beginning to show prom-
ise in the treatment of retinal disease 
and glaucoma. Today, vision scientists 
are employing multiple genetic tools 
to decode the mechanisms of degen-
eration and to promote the regrowth 
of optic nerve fi bers after severe trau-
mas—like those that occur in military 
injuries. 

Won-Kyu (Daniel) Ju, PhD, of the 
Hamilton Glaucoma Center at the 
University of California, San Diego, 
has shown that during glaucoma-
tous neurodegeneration, elevated 

intraocular pressure triggers impair-
ment—directly or indirectly—of the 
structural integrity and function of 
mitochondria. This pressure alters 
mitochondrial dynamics, both fusion 
and fi ssion, in retinal ganglion cells 
and their axons. Dr. Ju’s fi ndings sug-
gest that functional modulation of 
mitochondrial dynamics may provide 
new therapeutic strategies to amelio-
rate RGCs and their axon degenera-
tion in glaucoma.

In her work on the mechanisms of 
neurodegeneration in glaucoma, Dong 
Feng Chen, MD, PhD, at Harvard 
University’s Schepens Eye Institute, 
has reported a functional link between 
elevated intraocular pressure and in-
duction of autoimmune responses in 
the pathogenesis of glaucoma. This 
study points to the possibility of pre-
venting and treating the disease by 
modulating immune response cells.

Retinal ganglion cells, the neurons 
in the eye that send visual information 
to the brain, are normally unable to re-
generate their connections if they are 
damaged. Consequently, visual losses 
that result from optic nerve damage 
or degenerative diseases such as glau-
coma are irreversible. Using a combi-
nation of treatments on mature mice, 
Larry Benowitz, PhD, of Boston Chil-
dren’s Hospital and Harvard Medi-
cal School, has been able to stimulate 
extensive axon regeneration in the in-
jured optic nerve and a partial recovery 
of visual responses.

At the University at Albany, State 
University of New York, Ben Szaro, 
PhD, and his lab have begun to de-
code the molecular mechanisms of 
successful optic axon regeneration. 
Using the frog Xenopus laevis, Dr. 
Szaro’s laboratory has character-
ized the complex response of retinal 

Ophthalmic Research
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ganglion cells to optic nerve injury in 
an animal whose vision successfully 
recovers. Nerve injury activates an 
RNA binding protein, hnRNP K, in 
retinal ganglion cells to promote the 
synthesis of multiple cytoskeletal-
associated proteins. These proteins 
are responsible for organizing neuro-
nal cytoskeletal polymers to rebuild 
the axon.

Stem Cells and Regeneration

New studies show that glial cells, 
long thought to play a supportive 
role for neurons, have the potential 
to act as stem cells under the right 
conditions—and can even morph 
into new neurons. In retinal tissue 
engineering, certain polymers can 
serve as substrates to promote stem 
cell incorporation into the retina 
and optic nerve and enhance their 
capacity to integrate into the tis-
sue. Over the last 10 years, several 
groups have developed retinal cells 
in vitro from embryonic stem cells. 
And today, vision scientists are re-
porting the fi rst successful human 
trials using stem cells to treat major 
retinal degenerations. 

The ability to produce large quan-
tities of retinal cells for transplanta-
tion has proven benefi cial in animal 
models. Daniel Goldman, PhD, of 
the University of Michigan, using a 
zebrafi sh model, has discovered that 
splicing factor proline/glutamine-
rich (sfpq) inhibits zebrafish optic 
nerve regeneration by stimulating 
Socs3a expression. Dr. Goldman’s 
lab’s studies suggest that Muller glia 
may be able to regenerate retinal 
ganglion cells in zebrafi sh models of 
glaucoma where ganglion cells un-
dergo conditional cell death. 

Zhigang He, PhD, of Boston Chil-
dren’s Hospital, Harvard Medical 
School, and his team have found that 
manipulating two pathways—PTEN 
and/or SOCS3—can achieve robust 
optic nerve regeneration, which pro-

vides a basis for strategies that could 
restore visual function.

Successful axon regeneration after 
neural injuries requires coordinated 
gene expression in the neuronal soma 
and active axonal assembly at the 
nerve growth cone. At Johns Hop-
kins University School of Medicine, 
Dr. Fenguan Zhou’s research has 
shown that inhibition of non-muscle 
myosin II could drastically accelerate 
axon assembly at the nerve growth 
cone, while at the same time allow-
ing axon regeneration over inhibitory 
molecules. In the neuronal soma, Dr. 
Zhou’s lab found that microRNA-138 
and the NAD-dependent deacetylase 
SIRT1 form a mutual negative feed-
back loop to control gene expression 
and support axon regeneration. 

Retinal ganglion cell dendritic ar-
bors shrink in glaucoma, and cause 
loss of synaptic connectivity. Adri-
ana Di Polo, PhD, and her team at 
the University of Montreal have re-
cently demonstrated that increasing 
the mammalian target of rapamycin 
(mTOR) activity in these neurons 
protects dendritic arbor morphol-
ogy and restores excitatory synaptic 
inputs.

Pharma, Electronic Interventions

As part of a multipronged approach 
to regenerative medicine, new drugs 
are continually discovered that pro-
mote tissue growth, impede degen-
eration and enhance the potential for 
self-repair. However, due to adher-
ence issues with drops and the dis-
comfort of repeated injections into 
the eye, more effi cient drug delivery 
is the key to long-term benefi ts. 

One of these novel delivery sys-
tems is currently under development 
in the lab of Erin Lavik, PhD, at 
Case Western Reserve University. 
Through sustained-delivery formu-
lations, Dr. Lavik’s team has been 
able to get these drugs to the tissues 
of interest for long periods, which 

increases adherence and effi cacy and 
reduces side effects.

In some cases, the retina cannot be 
saved. For treating these cases, bio-
engineers have developed nanotech-
nology capable of integrating into 
neural tissue like the retina. These 
chips can sense light and encode sim-
ple images the way the visual system 
does naturally. Electrical impulses 
are then wired into the visual brain 
directly, providing rudimentary sight. 
Recent advances in this field were 
presented by Sheila Nirenberg, PhD, 
of the Weill Medical College of Cor-
nell University. 

At Bascom Palmer Eye Institute, 
University of Miami, Jeffrey Gold-
berg, PhD, and his group have been 
working on understanding how physi-
ological levels of electrical activity 
promote survival and axon growth of 
retinal ganglion cells, and how these 
might become disrupted in glaucoma 
and other optic neuropathies. His 
group recently identifi ed an enzyme, 
soluble adenylate cyclase (sAC), 
which mediates the effects of elec-
trical activity on RGC survival and 
growth. Enhancing sAC expression 
or activity may provide a new thera-
peutic approach for neuroprotection 
or regeneration in glaucoma.

With these and other remarkable 
breakthroughs in regenerative med-
icine, vision scientists are well on 
their way to deciphering the causes 
of glaucoma, macular degeneration 
and other neurodegenerative eye 
conditions. Every discovery brings us 
one step closer to developing effec-
tive treatments and to designing in-
terventions that can not only prevent 
neurodegeneration before it begins, 
but perhaps restore function that al-
ready has been lost.  

Dr. Calkins is the Denis M. O’Day 
Professor of Ophthalmology and Vi-
sual Sciences and vice chairman and 
director for research at the Vander-
bilt Eye Institute.
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With an annual  incidence es-
timated at about 10 to 18 in 

100,000 and a prevalence of approxi-
mately 0.7%, primary rhegmatoge-
nous retinal detachment represents 
a treatable cause of otherwise pro-
found, permanent visual loss.1-5 Thus 
RRD repair represents a core compe-
tency of the retinal physician. 

Though advances in vitreoretinal 
surgery have altered trends in choice 
of repair techniques, the general prin-
ciples of successful treatment of RRD 
have remained the same since the 
popularization of scleral buckling tech-
niques by Charles Schepens and others 
in the early 1950s.

Specifically, the key principles to 
successful repair of RRD are iden-
tifi cation of rhegmatogenous breaks, 
relief of traction on causative breaks 
and treatment of these breaks. These 
can be accomplished by use of scleral 
buckling and/or pars-plana vitrectomy. 
In selected cases, pneumatic retino-
pexy or demarcation (laser or cryo-
therapy) may also be considered.

Strengths and Weaknesses

 •  Scleral buckling. As the standard 

of care for decades, scleral buckling 
procedures (SBP) represent a well-un-
derstood and reliable method of RRD 
repair. Advantages offered by SBP in-
clude lower incidence of cataract, en-
dophthalmitis, 360-degree support of 
the vitreous base or peripheral retina, 
and the ability to perform surgery as 
an extraocular procedure (except in 
cases requiring external drainage of 

subretinal fl uid). Additionally, they can 
be performed in minimally equipped 
operative settings and for considerably 
less cost.

Disadvantages include frequent in-
duction of postoperative myopia, dif-
ficulty in management of very large 
and/or posterior retinal breaks and the 
rare possibilities of buckle erosion or 
induced strabismus.

By Baseer U. Ahmad, MD, Gaurav Shah, MD, and Kevin Blinder, MD, St. Louis

Advances in vitreoretinal surgery have altered trends in choice 
of repair techniques. Here’s a review of the pros and cons. 

Trends & Approaches to 
Repairing Detachment

Figure 1.Trends in surgical choice
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 •  Vitrectomy. The primary advan-
tages of vitrectomy include the abil-
ity to remove intraocular media opaci-
ties and vitreous traction, improved 
visualization, ability to internally drain 
and visualize retinal reattachment and 
ease of laser/cryotherapy application 
regardless of location. Additionally, 
mechanical effects of buckling such as 
induced myopia and more rare compli-
cations such as erosion and strabismus 
are avoided.

A signifi cant disadvantage of vitrec-
tomy in phakic eyes is the development 
or progression of nuclear sclerotic cat-
aracts. There have also been some sug-
gested long-term associations between 
vitrectomized, pseudophakic eyes and 
open-angle glaucoma. There is also 
some evidence that failed vitrectomy 
surgery may be associated with more 
severe proliferative vitreoretinopathy. 
Additionally, the cost and equipment 
requirements of vitrectomy are consid-
erably higher than those of pneumatic 
retinopexy and scleral buckling.

 •  Pneumatic retinopexy. The key to 
successful RRD repair with pneumatic 
retinopexy (PR) is appropriate patient 
selection. Generally, the ideal patient 
would have no media opacities to allow 
full visualization of the retina, single 
or few breaks located in the upper 6 
to 8 eight clock hours of the eye, no 
larger than 1 clock hour in dimension, 
and separated by 2 clock hours or less 
along with a complete posterior vit-
reous detachment and lack of lattice 
degeneration.

For those patients felt to be appro-
priate candidates, the major advan-
tages of this method include the ability 
to perform it as an office procedure 
with minimal anesthesia requirement, 
lower morbidity and post-procedure 
recovery and signifi cantly lower cost.

The primary disadvantages of PR 
are its approximately 10 percent lower 
single operation success rate relative to 
scleral buckling,6,7 and the small subset 
of RRD patients who would be appro-
priate candidates.

Success Rates

Of the repair techniques men-
tioned, the most broadly applicable 
are vitrectomy, scleral buckling or a 
combination of the two. Comparative 

studies have shown both to be effec-
tive, with a trend toward superiority 
for scleral bucking in phakic patients 
and toward vitrectomy in pseudpha-
kic patients. Regarding pneumatic 
retinopexy, studies have indicated a 

Figure 2. Proliferative vitreoretinopathy following a scleral buckling procedure.

BTable 1. Choice of Retinal Detachment Repair Technique12,13

Procedure Relative Indications Relative Contraindications
Scleral buckle Phakic patients with 

uncomplicated, single break 
RD

Posterior breaks
Media opacities/hemorrhage
Scleral thinning/scleromalacia

Vitrectomy Pseudophakia
Posterior breaks
Media opacities/
hemorrhage
PVR

Uncomplicated, phakic RD 
Young, myopic patients
Inferior retinal dialysis

Vitrectomy + scleral buckle Severe PVR
Inferior traction
Incomplete removal of 
traction

Uncomplicated, phakic RD
Scleral thinning/scleromalacia

Pneumatic retinopexy Localized small superior 
breaks 

Multiple separated breaks
Inferior breaks
Lack of PVD, incomplete PVD

Demarcation (laser or cryo) Small, shallow, subclinical 
RD
Asymptomatic, signs of 
chronicity
Sick patients unable to 
position or undergo surgery

Rapidly progressive RD
Extension posterior to equator
Signifi cant traction or PVR
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single operation success rate of ap-
proximately 80 percent and greater 
than 95 percent with reoperations.8-11

Trends in Surgical Choice

Despite comparable success rates, 
there has been a clear and well-known 
trend away from scleral buckling to-
ward primary vitrectomy over the past 
decade. An analysis of the Medicare 
fee-for-service database, BESS (Part 
B Extract Summary System), by CPT 
code reveals that during the period 
from 2000 to 2010, scleral buckling 
fell by two-thirds, while vitrectomy 
doubled and utilization of other tech-
niques remained stable.

It is likely that factors such as ad-
vances in small-gauge vitrectomy sur-
gery, improved wide-angle viewing sys-
tems and reduced emphasis on scleral 
buckling during fellowship training 
have contributed to these trends.

Failure of Primary RD Repair

 •  Proliferative vitreoretinopathy.
Occurring in 5 to 10 percent of all 
RRDs and implicated in 75 percent of 
postoperative redetachments, prolif-
erative vitreoretinopathy is the process 
involving formation of intravitreal, pre-
retinal or subretinal membranes.19,20 It 
results from abnormal cellular prolif-
eration at the vitreoretinal interface of 
fi broblast-like cells, which have been 
shown to derive from several progeni-
tors, particularly astrocytes and RPE 
cells.20,21 Early signs include the ap-
pearance in the vitreous of pigmented 
cells and formation of highly cellular 
membranes. Late changes include an 
increase in extracellular Type I colla-
gen, in contrast to the Type II collagen 
of normal vitreous.22

Although rates of postoperative 
PVR following vitrectomy and SBP 
have been similar, an important dis-
tinction has been the observed phe-
nomenon that when PVR occurs, it 
is often severe in cases of failed vit-

rectomy relative to failed SBP. This 
idea was also supported in a classic 
experiment in 1984 by Hung-Tao 
Hsu, MD, and colleagues, in which 
vitrectomized rabbit eyes developed 
more severe PVR than nonvitrecto-
mized eyes after intraocular injection 
of tissue-cultured fi broblasts.23 A re-
cent study of 50 different biomark-
ers in subretinal fl uid from eyes with 
RRD showed differentially elevated 
levels of interleukin-3, chemokine li-
gand-3 and macrophage inhibitory 
factor, among others.24 Several other 
studies have implicated a role in over-
expression of platelet-derived growth 
factor.25,26 

Thus, there is some evidence that 
removal of vitreous, such as after vit-
rectomy, may allow more aggressive 
forms of PVR to develop in those 
cases when primary RRD repair fails. 
This may be due to the anti-prolif-
erative cytokine and biologic milieu 
of the vitreous, or by the physical 
separation afforded by vitreous of a 
PVR-stimulating cytokine-rich envi-
ronment from the effector.
 • Other causes. Uncommonly, pri-

mary RRD repair may fail unrelated 
to PVR. In these cases, the failure 
may result from:
 • undiscovered breaks at the time 

of surgery;

Figure 3. Proliferative vitreoretinopathy following a vitrectomy.

Table 2. Success Rates for Retinal Detachment Repair by 
Technique: Phakic Patients12, 13

RETROSPECTIVE SB PPV SB/PPV Total eyes
Miki et al., 2001 100% 96% 225
Mansouri et al., 2010
(phakic subgroup)

86% 78% 84% 168

TRI recurrent RD study group, St. 
Louis, 2008

86% 78% 84% 286

PROSPECTIVE SB PPV SB/PPV Total eyes
Heimann et al., 2007
(phakic subgroup)

63.6% 61.8%
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 •  inappropriate choice of surgical 
technique;
 •  incomplete relief of traction on 

causative break(s);
 •  incomplete laser/cryotherapy treat-

ment of break(s) or retinotomy; and
 •  inadequate positioning for gas tam-

ponade following surgery.

Managing Failed RRD Repair

Addressing the underlying cause of 
the retinal redetachment is the stan-
dard treatment for failed RRD repair. 

If previously untreated breaks or new 
breaks are found to be the cause for 
redetachment, a return to the operat-
ing room is merited, either with repeat 
vitrectomy, or vitrectomy with scleral 
buckling.

PVR poses a more difficult chal-
lenge, and pharmacologic approaches 
(steroids, anti-neoplastic/anti-prolif-
erative agents, growth factor path-
way inhibitors) that have shown lim-
ited success in animal models have not 
translated into successful management 
in humans.29-33

When redetachment occurs second-
ary to PVR, surgical intervention is 
required and the aims of surgery are 
to relieve induced tractional forces, 
to close all retinal breaks and to help 
maintain ciliary body function. Mild to 
moderate cases of PVR may be treated 
with vitrectomy and membrane peel-
ing alone. More severe cases may re-
quire the additional support of a scleral 
buckle as well as membrane peeling, 
use of perfl uorocarbon liquids, relax-
ing retinotomies and long-term tam-
ponade with silicone oil.  

Dr. Ahmad is a fellow at The Retina 
Institute in St. Louis. Dr. Shah is the 
fellowship director at TRI. Dr. Blinder 
is an attending surgeon at TRI. The 
authors have no confl icts of interest or 
proprietary interests to disclose.

Contact Dr. Ahmad at bahmad@rc-
stl.com. Contact Dr. Shah at gkshah1@
gmail.com.
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If you browse the medical literature 
over the past year, you’re likely to 

come across one or more references 
to the 20th anniversary of the discovery 
of the Jak-Stat signal pathway.1,2 Who 
could forget the year Jak-Stat signal-
ing was first identified? Perhaps you 
also recall 1992 was the year nitrous 
oxide won the Molecule of the Year 
award from Science magazine.3 No? 
That same year, H. Ross Perot ran a 
spirited independent presidential cam-
paign and Jack Nicholson proclaimed 
“You can’t handle the truth!” in “A Few 
Good Men.” The point is this: 1992 was 
quite a while ago. Since then, we’ve 
learned just how crucial the Jaks, the 
Stats and all their various associates 
are in the function and malfunction 
of hundreds of cellular signaling path-
ways. In the eye, a host of pathological 
processes, from allergy, dry eye and 
glaucoma to uveitis and macular edema 
can be related to some disruption in a 
Jak-Stat pathway.4-6 So perhaps it is an 
anniversary worthy of note.

Early on in studies of Jak-Stat func-
tion, it was clear that this signaling 
pathway had great promise as a tar-
get for therapeutic intervention. This 
month, we’ll catch up on the many 

roles Jak-Stat signaling plays in ocular 
physiology, describe some examples of 
conditions in which pathology includes 
dysregulation of those pathways and 
discuss the possibilities for new drugs 
to target Jak-Stat pathways in the eye. 

Jak-Stat and Cytokines

The Jak-Stat pathway refers to two 
families of functionally related pro-
teins, the Janus kinases, or Jaks, and 
the signal transducers and activators of 
transcription, or Stats. Together, these 
two convey the signals of extracellu-
lar cytokines, directing the on and off 
switches of genes and gene products 
responsible for the cells’ response to cy-
tokine activation. The Jaks are named 
after Janus, the two-faced Roman god 
who is associated with doorways, tran-
sition and change. Janus, the protein 
kinase, monitors the extracellular atmo-
sphere and guides cellular signals from 
the cell surface to the nucleus.

Cytokines are a diverse, multiple-
lineage family of autocoids that serve 
as regulatory signals for numerous cell 
types. Growth hormone, erythropoi-
etin and prolactin are cytokines, as are 
the 23 or so interleukins, the interfer-

ons, the colony stimulating factors, the 
bone morphogenic factors—and the 
list goes on. Studies of interferon sig-
naling led to the identifi cation of the 
Jak-Stat pathway that has since been 
shown to be a critical part of all cyto-
kine signaling.7 (See the diagram, op-
posite page.)

All cytokines signal by activating a 
specifi c variant of the Jak-Stat pathway. 
The general structure of a cytokine re-
ceptor is a trans-membrane, dimeric 
protein assembled from a pool of cy-
tokine receptor monomers, each with 
an associated, intracellular Jak kinase.2,8 
Cytokine binding initiates a cascade 
of phosphorylations: The associated 
Jak undergoes auto-phosphorylation 
and then phosphorylates intracellular 
sites on the cytokine receptor. These 
become binding sites for Stat proteins. 
The bound Stat is also phosphorylated, 
and this leads to formation of Stat di-
mers, which can translocate to the cell 
nucleus, associate with specifi c target 
DNA sequences, and turn on the ex-
pression of these gene products. While 
different cytokines may share a recep-
tor, a Jak or a Stat, each assembles a 
unique combination of components in 
constructing its signaling pathway.

Mark B. Abelson, MD, CM, FRCSC, FARVO, and James McLaughlin, PhD, Andover, Mass.

The 20th anniversary of a landmark scientifi c discovery provides 
an opportunity to look into the future of ocular therapies.

Sorting Out the
Stats from the Jaks
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Another part of the diversity exhib-
ited by Jak-Stat signaling comes from 
combinations of the four different Jaks 
(Jak1, Jak2, Jak3, Tyk2) plus seven dif-
ferent Stats (Stats1-4, 5A, 5B and 6).8

Both Jak1 and Jak2 are essential for 
survival (based on gene knockout stud-
ies in mice), while loss of Jak3 leads to 
failed immune system development 
and severe combined immunodefi-
ciency, or SCID. The fourth Jak, Tyk2, 
is also essential for immune system 
development and homeostasis and is 
prominently associated with interferon 
signaling. Each of the seven Stats is also 
associated with specific physiological 
functions. Stat 1 is a key mediator of 
interferon signaling, and Stat 1 defi cits 
are associated with infectious diseas-
es. Stat 5A and 5B are important for 
growth and development, and mediate 
actions of GH, prolactin, Epo and IL-2.

Stat4 and Stat6 are primary signaling 
molecules for many interleukins, and 
polymorphisms of each are associated 
with a host of immunological disorders 
including rheumatoid arthritis, lupus, 
allergy and asthma.

Two of the better-known pathways 

employing Jak-Stat transduction are 
those of growth hormone and erythro-
poietin. Beyond its effects on muscle 
and bone, GH stimulates synthesis of 
insulin-like growth factor 1 via a Jak2/
Stat5B pathway in the liver. It’s this 
IGF-1 that mediates the majority of 
anabolic effects ascribed to GH. The 
blood-forming cells of the marrow re-
spond to Epo (and several other cy-
tokines) via a Jak2/Stat5A pathway to 
stimulate proliferation and differen-
tiation of red cells, platelets and other 
myeloid cells. These examples high-
light the importance of Jak-Stat signal-
ing, and also provide clues to possible 
adverse effects of drugs designed to 
disrupt Jak-Stat pathways. 

Jak-Stats in the Eye

The central function of Jak-Stat sig-
naling in the eye involves infl ammatory 
responses. In the retina, infl ammation 
associated with glaucoma, macular 
edema or macular degeneration has 
been linked to TNF-α, a cytokine that 
signals, in part, by activating Jak-Stat 
pathways.9 A recent study showed 

that human retinal epithelial cells pro-
duced VEGF in response to TNF-α, 
interferon-γ or IL-1β, demonstrating 
a link between Jak-Stat signaling and 
the neovascular response that is central 
to age-related macular degeneration 
and diabetic retinopathy. Moreover, 
TNF-α can perpetuate a cycle of Th1, 
pro-infl ammatory signaling by stimulat-
ing other cytokines such as IL-2 and 
IL-17.

Infl ammation in the front of the eye 
is central to late-phase allergy, chronic 
allergy, dry eye and uveitis.10 These 
disorders involve infi ltration of ocular 
tissues by immune cells such as mac-
rophages, neutrophils and eosinophils. 
Infl ammation creates an environment 
with increased secretion of chemo-
kines, metalloproteinases and cytokines 
that can promote surface damage and a 
disruption of epithelial barriers. For the 
ocular surface, this can also mean the 
loss of protective functions provided 
by goblet cells and a healthy tear fi lm. 
Virtually all of these events involve ac-
tivation of Jak-Stat signaling pathways, 
and, in particular, require participation 
by Jak3. Mild allergic infl ammation can 

In Jak-Stat signaling, Interleukin-2 initiates cellular responses by binding to the cell’s surface receptor, activating intracellular Jak1 and 
Jak3 kinases. Phosphorylation of kinase and receptor promotes association of Stat5B proteins, which are phosphorlyated, form a dimer 
and then translocate to the cell nucleus. There, they activate an IL-2 specifi c program of gene transcription and expression.
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be mitigated by reductions in allergen 
exposure, antihistamines and topical 
steroids, but therapeutic choices for 
dry-eye sufferers and other types of 
ocular infl ammation are limited. 

Break the Infl ammation Cycle

Among the anti-infl ammatory drugs 
available, systemic or topical glucocorti-
coids are the most effective at reducing 
inflammation, but they have adverse 
effects that limit them. Despite this, it’s 
interesting to note that GC inhibition 
of Jak-Stat signaling is known to be a 
key to their therapeutic effi cacy.11 This 
is primarily due to the GC inhibition of 
IL-2, Jak3-Stat5 mediated infl amma-
tory pathway, so it’s reasonable to pre-
sume that other drugs that can inter-
fere with this or other Jak-Stats might 
also be effective anti-infl ammatories.

In 20 years of research and clinical 
development, a number of biologicals 
and small-molecule inhibitors of Jak-
Stat signaling have been developed and 

tested.12,13 Many of these drugs block ac-
tivation by cytokines or their receptors, 
so the inhibition of Jak-Stat signaling is 
indirect. A major focus has been in the 
areas of cancer treatment and autoim-
mune disease. Monoclonal antibody-
based therapies targeting cytokines 
such as TNF (adalimumab, etanercept, 
and infl iximab), IL-1 (canakinumab) or 
cytokine receptors (IL-2 basiliximab, 
IL-6 tocilizumab) have all been shown 
effective in autoimmune diseases, for 
prevention of transplant rejection, and 
for some cancers. Recent small-scale, 
prospective studies testing intravitreal 
injection of agents such as anti-TNF 
(adalimumab)14 or anti-IL-6 (tocilizum-
ab)15 for refractory uveitis have shown 
mixed results, but several larger pro-
spective trials are under way. Based on 
the success of anti-VEGF treatments 
for neovascular AMD, the prospects 
for success with biologicals for retinal 
inflammation seem high, but remain 
to be seen. 

Use of biologicals for anterior seg-

ment conditions is diffi cult because of 
drug delivery issues. Here, the focus of 
Jak-Stat inhibition is on small-molecule 
inhibitors.13 A key issue for this drug 
development task is kinase specifi city: 
A Jak-specifi c anti-infl ammatory agent 
should preferentially target Jak3 and 
Jak1. To date, two drugs that act as Jak 
inhibitors have gained Food and Drug 
Administration approval. Ruxolitinib 
(Jakafi ; Incyte, Novartis) is a Jak1/Jak2 
inhibitor used to treat myelofibrosis 
and polycythemia vera, and Tofacitinib 
(Xeljanz; Pfi zer), a nonspecifi c Jak an-
tagonist, was approved for rheumatoid 
arthritis in 2012.16 Both are systemic 
medications in an oral formulation, and 
both come with the potential for ad-
verse effects including infection, ane-
mia and neutropenia. Other agents in 
the pipeline generally focus on RA or 
on specifi c cancers, but all must deal 
with a similar spectrum of adverse ef-
fects of oral delivery.

Compounds such as these that have 
already met the FDA standard for 

A Sample of Small-molecule Jak Inhibitors Approved or in Development

Compound Company Target Indication Status

Jakafi  
(ruxolitinib phosphate)

Incyte Corp.,
Novartis AG Jak1, Jak2

myelofi brosis FDA approved

ruxolitinib

hematological malignancies Phase II

plaque psoriasis Phase II

myeloproliferative diseases Phase II/III

Xeljanz 
(tofacitinib citrate)

Pfi zer Jak1, Jak2, Jak3

rheumatoid arthritis FDA approved

tofacitinib

ulcerative colitis Phase III

plaque psoriasis Phase III

keratoconjunctivitis sicca Phase I/II

SAR302503 Sanofi , TargeGen Multiple kinases myelofi brosis Phase II/III

ASP015K Astellas Pharma,
Janssen Biotech Jak3 rheumatoid arthritis, plaque

psoriasis Phase II

BMS911543 Bristol Myers Squibb Jak2 myelofi brosis Phase II

LY2784544 Eli Lilly & Co. Jak2 myeloproliferative diseases Phase II

R333 Rigel Jak/Syk discoid lupus Phase II

R348/R932348 Rigel Jak/Syk dry eye/Sjögren’s Phase II
Note: Some compounds inhibit both Jak and non-Jak kinases.

Source: www.citeline.com/products/medtrack/
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systemic disease are well-positioned 
to be screened for topical use. Several 
recent clinical trials have tested topi-
cal formulations of Jak inhibitors for 
either skin conditions17 or for treatment 
of ocular surface disease.18 Topical to-
facitinib underwent a Phase I/II trial 
for treatment of dry-eye disease that 
included both a dose-ranging, safety 
component and a prospective effi cacy 
trial.18 Tofacitinib was superior to cyclo-
sporine emulsion (the positive control) 
in terms of both frequency of adverse 
events and reports of ocular discom-
fort. While the drug did not reach its 
primary endpoint, it’s possible this re-
fl ects issues of study design more than 
drug effi cacy. For example, neither to-
facitinib nor cyclosporine was signifi -
cantly better than vehicle in reducing 
corneal staining. Large placebo effects 
are often seen in dry-eye studies, and 
such confounding results can be miti-
gated by alterations in study design. 
(For a broader discussion of placebo 
effects in dry-eye trials see Therapeutic 
Topics, May 2011.)

A second Jak inhibitor in develop-
ment for dry eye is R932348, also 
known as R348 (Rigel Pharma), a com-
pound with preferential action against 
Jak3 that has demonstrated effi cacy in a 
number of preclinical studies.19-21 This 
compound has a secondary activity as it 
also inhibits Syk kinase, another key in-
tracellular target in immune signaling. 
The simultaneous inhibition of Jak and 
Syk may provide for reduced dosing, 
greater effi cacy or both when R932348 
is compared to other Jak inhibitors.22

The combination is particularly appeal-
ing for topical formulation trials based 
upon the known impact of these targets 
in ocular surface inflammation. Cur-
rently in the midst of a Phase I safety/
dose ranging study (NCT01733992), 
it’s likely that R932348 will be an early 
candidate in the topical Jak/Syk inhibi-
tor drug development race.

With a dozen or more Jak inhibitors 
in early- to mid-stage development, it 
seems likely that one or more of these 
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will find a suitable formulation for 
topical delivery, and should become a 
lynchpin of therapy for ocular surface 
inflammation in the future. Perhaps 
20 years from now, we’ll be celebrating 
the anniversary of the fi rst Jak-targeted 
topical drugs, the family of therapeutics 
that changed that way we treat ocular 
infl ammation.  

Dr. Abelson is a clinical professor of 
ophthalmology at Harvard Medical 
School and senior clinical scientist at 
the Schepens Eye Research Institute. 
Dr. McLaughlin is a medical writer at 
Ora Inc.
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Retinopathy of prematurity is a 
proliferating disorder of the im-

mature retina that continues to be one 
of the leading causes of blindness in 
children of both the modern and de-
veloping world. Retinal detachment 
and macular dragging secondary to 
neovascularization can cause severe 
visual morbidity. Induced myopia and 
resultant amblyopia also represent 
signifi cant causes of vision loss. 

Current Concepts

The most recent guidelines recom-
mend screening all babies born at 30 
weeks or less gestational age, or those 
babies weighing less than 1,500 g.1 Any 
baby that undergoes a diffi cult clinical 
course, as determined by the neonatol-
ogist, also meets criteria for screening. 
The initial exam is usually performed 
at four to six weeks of life and follow-
up exams are repeated every one to 
two weeks until the retina is fully vas-
cularized.1

Current concepts of ROP describe it 
as a biphasic disease. Phase 1 consists 
of oxygen-induced vascular oblitera-
tion, followed by phase 2, which con-
sists of hypoxia-induced vessel prolif-

eration.2,3 ROP is clinically described 
in terms of location (zone) and severity 
(stage).

Plus disease is posterior polar 
vascular dilation and tortuosity that 
represents increased blood flow. 
Its presence or absence is often a 
critical determination in deciding to 
treat or observe.

Neovascularization is mainly driven 
by vascular endothelial growth factor. 
Peripheral retinal ablation by conven-
tional laser therapy is currently the 
gold standard of treatment and works 
by destroying peripheral retinal cells 
that produce VEGF. Laser treatment 
has a long history of effectiveness and 
safety. Cryotherapy is also an effective 
treatment and was used before devel-
opment of laser. Scleral buckle and/or 
vitrectomy procedures are commonly 
used to repair Stage 4 or 5 ROP. Reti-
nopathy of prematurity in Zone I is the 
most diffi cult to treat and has a high 
incidence of recurrence. The Early 
Treatment for Retinopathy of Prema-
turity (ET-ROP) study reported a bet-
ter than 50 percent unfavorable out-
come rate after laser photocoagulation 
in Zone I disease, if treated using tradi-
tional guidelines. Earlier treatment of 

high-risk, pre-threshold, Zone I babies 
still resulted in an approximately 30 
percent unfavorable outcome rate.4

Unfavorable outcomes in this study 
were defi ned using both visual acuity, 
as determined by monocular grating 
with Teller cards, and structural crite-
ria. After ROP has resolved, prema-
ture children should still have regular 
follow-up exams, as they are still at risk 
for strabismus, amblyopia and signifi -
cant refractive error.4

Enter Anti-VEGF

Bevacizumab is a humanized anti-
VEGF monoclonal antibody that has 
changed the treatment course of many 
retinopathies, including age-related 
macular degeneration and proliferative 
diabetic retinopathy. The role of anti-
VEGF treatment for ROP is currently 
undefi ned. Several recent studies have 
investigated its place in preventing 
poor outcomes. The Efficacy of In-
travitreal Bevacizumab for Stage 3+ 
Retinopathy of Prematurity (BEAT-
ROP) study recently reported a signifi -
cantly higher rate of recurrence with 
Zone I disease when treated with con-
ventional laser therapy compared to 

Bevacizumab in the 
Treatment of ROP
The anti-VEGF drug may have promise in treatment of 
retinopathy of prematurity, but uncertainty still surrounds its use.
Kimberly A. Neutze, DO, and Christopher M. Fecarotta, MD, Wilmington, Del.
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intravitreal bevacizumab (42 percent 
vs. 6 percent, p=0.003). The authors 
conclude that intravitreal bevacizumab 
has increased efficacy over conven-
tional laser therapy for stage 3+ reti-
nopathy of prematurity within Zone I. 
They also note that there was contin-
ued vascularization of the peripheral 
retinal after intravitreal bevacizumab. 
Conventional laser therapy, in con-
trast, causes destruction of the periph-
eral retina and permanent visual fi eld 
defects. During the study there were 
seven infants who died, fi ve of whom 
were treated with bevacizumab and 
two with conventional laser.

Unfortunately, the study was not 
powered enough to adequately illus-
trate the drug’s safety. Systemic side ef-
fects of this drug in premature infants, 
who are still forming new blood vessels 
in many different organ systems, have 
not yet been determined. Time to re-
currence of ROP was also different 
between the two groups. After con-
ventional laser treatment, disease re-
curred 6.2 ±5.7 weeks after treatment. 
After intravitreal bevacizumab, disease 

recurred 16 ±4.6 weeks, with some 
infants having recurrent disease as late 
as 54 weeks. Since the study’s primary 
outcome end-age was 54 weeks, no re-
currence of disease occurring after 54 
weeks was recorded. The authors also 
changed the primary end-age halfway 
through the study.3

Taiwanese Experience

A retrospective, multicenter study 
based in Taiwan was recently con-
ducted by Wei-Chi Wu, et al, where 
the medical records of patients with 
ROP who were treated with intravit-
real bevacizumab were pooled for data 
analysis.5 The indications for treatment 
in this study met the criteria for type 
1 ROP in the ET-ROP study, which 
includes Zone I disease of any stage 
with plus, Zone I stage 3 without plus, 
and Zone II stage 2 or 3 with plus. If 
the patients did not respond positive-
ly to the intravitreal injection within 
two to three weeks, conventional laser 
therapy was performed. For stage 4 or 
5, an injection was used before surgery 

to reduce the chance of bleeding. A 
positive response was defi ned as disap-
pearance of the tunica vasculosa lentis, 
dilation of pupils, disappearance of 
retinal vessel tortuosity and neovascu-
larization, and improved vasculariza-
tion of the peripheral retina.

Forty-nine eyes of 27 patients were 
included in the study. There were 41 
eyes with stage 3 ROP, six eyes with 
stage 4A and two eyes with stage 5 
ROP. Of the 41 with stage 3 ROP, nine 
eyes were Zone I ROP and 32 eyes 
were Zone II ROP. Thirty-six of these 
eyes received bevacizumab as primary 
treatment and five received bevaci-
zumab as salvage treatment after show-
ing no response from traditional laser 
therapy. In the 36 eyes that received 
bevacizumab as primary treatment, 
32 (89 percent) showed ROP regres-
sion. Four eyes (11 percent) required 
supplemental laser treatment. In the 
fi ve eyes that received bevacizumab as 
salvage therapy, all fi ve (100 percent) 
had ROP regression. The percentage 
of Stage 3 ROP with or without plus 
disease was not noted in the study.5

In the eyes with Stage 4 ROP, two 
eyes showed regression without need-
ing subsequent surgery and four eyes 
still required subsequent vitrectomy. 
In stage 5 ROP, the two eyes displayed 
decreased tortuosity after intravitreal 
bevacizumab, but surgical treatment 
was not successful in re-attaching the 
retina after several attempts. The au-
thors conclude that bevacizumab as 
primary or salvage therapy caused neo-
vascularization to regress and seemed 
to work best in stage 3 Zone I ROP. 
Although the study was not designed 
to compare the two treatments, the 
authors felt that for Zone I ROP, beva-
cizumab injection was more effective 
than conventional laser therapy. Ocu-
lar complications they report include 
transient retinal vessel sheathing and 
pre-retinal or vitreous hemorrhage. 
The authors state that the use of beva-
cizumab to treat ROP seems promis-
ing, but complications do occur and 

Figure 1. The Zones of Retinopathy of Prematurity

Figure 1. All zones are centered on the optic nerve. Zone I is the most posterior retina and 
has a radius that is double the optic nerve to macula distance. Zone II is a circle with a radius 
from the optic nerve to the nasal ora. Zone III is the remaining crescent of retina temporally. 
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longer follow-up is necessary for these 
patients to prevent poor outcomes. 
This retrospective study is limited by 
lack of a control group and a lack of 
power. The authors of this study also 
report that large, randomized con-
trolled trials are necessary to answer 
the many questions about intravitreal 
bevacizumab for ROP.5

Lit Review

A systematic literature review 
was recently published by Jonathan 
Micieli, and colleagues from McGill 
University.6 The authors searched 
OVID, Medline and Embase with 
subject headings of retinopathy of 
prematurity and angiogenesis inhibi-
tors. Nine articles were selected. Six 
were case reports, two were retro-
spective reviews, and one was a pro-
spective study. There were a total of 
77 eyes from 48 infants. None of the 
studies were randomized trials.

The authors note that there is signifi -
cant variability in the reported man-
agement of ROP with bevacizumab, 
including the dose and frequency, the 
long-term systemic effects, at what 
point to treat, and whether it should be 
used in conjunction with other thera-
pies. The most common dose used was 
0.75 mg, with a range of 0.4 mg to 1.25 
mg used in the articles reviewed. None 
of the studies reported any systemic 
or local side effects; however, it is un-
certain whether repeated doses, like 
treatment for macular degeneration, 
would still be safe.

The authors also note that there was 
a mixed outcome in patients with stage 
4 disease. Of the 17 that were docu-
mented to have either Stage 4A or 4B 
ROP, who were treated initially only 
with bevacizumab, four eyes experi-
enced resolution of the detachment 
without need for surgery, three eyes 
worsened, and the remaining 10 were 
treated with surgery. Use of intravitreal 
VEGF inhibitors in the presence of 
retinal traction can cause contraction 

and worsening of retinal detachment.
The authors urged that physicians 

who use bevacizumab in ROP do so 
with caution until further clinical stud-
ies are performed. Parents of children 
with ROP must be fully informed 
about the risks, benefi ts and alterna-
tives if intravitreal bevacizumab is to 
be considered. If intravitreal bevaci-
zumab is used to treat ROP, weekly 
follow-up for a prolonged period of 
time is necessary to detect recurrence 
or induced traction. The exact length 
of follow-up required has not yet been 
determined.6

Bevacizumab seems to have a prom-
ising future for the treatment of ROP; 
however, there is still a lot of uncer-
tainty that surrounds its use. The po-
tential for development of vascularized 
peripheral retina makes injection of 

VEGF inhibitors an exciting option. 
Bevacizumab injection for ROP also 
has potential for use in the Third 
World, where babies are screened 
through telemedicine and ophthal-
mologists are not locally available 
for laser treatment. ROP is likely to 
become more of a problem in these 
developing countries as neonatal care 
improves. The unpredictable post-
injection course and the unknown sys-
temic side effect profi le in premature 
infants have created signifi cant con-
troversy and limited its widespread 
acceptance. More clinical research, 
especially randomized controlled tri-
als, need to be performed before the 
safety, effi cacy and guidelines for use 
are established. 

Dr. Neutze is Neutze is a fellow at 
Nemours/AI Dupont Hospital for Chil-
dren in Wilmington. Dr. Fecarotta is 
an attending surgeon at Nemours/AI 
Dupont Hospital for Children and 
Wills Eye Institute.
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Table 1. Stages of Retinopathy of Prematurity

Stage 1 Faint demarcation line
Stage 2 Elevated ridge
Stage 3 Extraretinal neovascular proliferation
Stage 4A Macula-on partial retinal detachment
Stage 4B Macula-off partial retinal detachment
Stage 5 Total retinal detachment

If intravitreal 
bevacizumab is 

used to treat ROP, 
weekly follow-up for 
a prolonged period of 
time is necessary to 
detect recurrence or 

induced traction. The 
exact length of follow-
up required has not yet 

been determined.
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Edited by Ann P. Murchison, MD, MPH

The lacrimal gland can be involved 
in a wide spectrum of orbital pa-

thology.1 As lacrimal gland lesions 
can be diffi cult to accurately diag-
nose, this overview can help avoid 
pitfalls and aid in the differential 
and management.

Background, Exam

To diagnose lacrimal lesions, a 
brief anatomy review is useful. The 
lacrimal gland has the size and shape 
of an almond and is located on the 
superolateral aspect of the orbit. Two 
lobes are recognized: the palpebral 
and the orbital lobe that are separat-
ed by the lateral horn of the levator 
aponeurosis. 

Key examination findings in pa-
tients with lacrimal gland lesions can 
include globe displacement (gener-
ally inferiorly) and fullness in the 
superior-temporal orbit. Other signs 
and symptoms to look for include: 
change in facial sensation; altered 
motility; ptosis; erythema or thick-
ness of overlying skin; and con-
junctival changes. For example, the 
acute onset of a painful, erythema-
tous, indurated eyelid may suggest 

infl ammation, whereas an insidious 
and painless mass in a slightly older 
population may correspond to a lym-
phoproliferative lesion. A complete 
review of systems should also be tak-
en; duration of symptoms, rapidity 

of onset, and any previous trauma or 
cancer history are important to elicit 
from the patient. From a practical 
standpoint, these patients general-
ly require some imaging. CT is the 
most commonly used and provides 

Diagnosis & Treatment of
Lacrimal Gland Neoplasias
A better understanding of the nature of these tumors and 
advanced diagnostic technologies are improving management. 
Jose L. Tovilla-Canales, MD, Sharon Ball, MD, Osiris Olvera, MD, and Fernando B. Martin, MD, Mexico City

Figure 1. Axial (left) and coronal (right) CT scans of a patient with bilateral and asymmetric 
dacryoadenitis.

Figure 2. A young female patient with increased volume in the superotemporal aspect of 
the left orbit (left), with a retention cyst (right) in the lacrimal gland (dacryops).
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important information about any pos-
sible changes to the adjacent bone.

Classifi cation

Tumors of the lacrimal gland rep-
resent 10 percent of all mass oc-
cupying lesions in the orbit1 and are 
broadly classifi ed as epithelial and 
non-epithelial lesions (See Table 1). 
Traditionally, it has been said that 50 
percent of the lacrimal masses are 
epithelial and 50 percent are non-
epithelial. However, more recent 
data indicate that non-epithelial tu-
mors account for 80 percent of the 
total of the lacrimal gland tumors 
(this includes inflammatory and 
lymphoid lesions).1

Of all orbital lesions, lacrimal epi-
thelial tumors comprise from 5 to 8 
percent, with half of these being be-
nign mixed tumors and the other half 
carcinomas.1-15

The most common epithelial be-
nign lesion of the lacrimal gland is the 
benign mixed tumor, which generally 
presents as a painless mass without 
signs of infl ammation for more than 
12 months. On the other hand, ma-
lignant epithelial lesions most com-
monly present with painful swelling of 
the upper eyelid that develops within 
one year. 

Because the lacrimal and salivary 
glands share similar characteristics, 
the American Joint Committee on 
Cancer classification (AJCC) has 
aligned the classifi cation with those 
of the salivary gland.5 Recently, Jack 
Rootman, MD, and Valerie A. White, 
MD, published an update of this clas-
sifi cation, and adjusted the size of the 
lacrimal gland to the TNM classifi ca-
tion of the salivary tumors.6,7 Details 
on this classifi cation are beyond the 
scope of this article, but an overview 
can be found in Table 2.

Imaging Characteristics

CT and MRI are utilized to differ-

entiate between different types of 
masses and determine the extent of 
lesions involving the lacrimal gland 
and the bony fossa. 

It is frequently very diffi cult to di-
agnose specifi c disease on the basis 
of imaging characteristics alone (See 
Figure 1). Benign epithelial tumors 
are commonly seen with a well-de-
fined benign appearance, whereas 
malignant carcinomas appear with 
an invasive malignant appearance. 

However, some malignant tumors, 
such as a malignant myoepithelio-
ma, may appear non-invasive and 
could be mistaken as benign on im-
aging alone. Lymphomatous lesions 
of the lacrimal gland, ranging from 
reactive hyperplasia to malignant 
lymphoma, can be difficult to dif-
ferentiate both radiologically and 
pathologically. 

For these reasons,  imaging,  
pathologic verifi cation and systemic 

Non-Epithelial Benign Epithelial
55 percent of all 
epithelial lesions 

Malignant Epithelial
45 percent of all epithelial lesions

Hemangioma
Hemangioperycytoma
Plasmacytoma
Lipoma
Solitary fi brous tumor
Fibrous histiocytoma
Neurofi broma 
(Schwannoma)
Metastatic or secondary 
tumors 
Lymphoma

Dacryops
Pleomorphic adenoma 
Oncocytoma
Myoepithelioma 
Warthin’s tumor 
Sialoblastoma 

Low grade 
Carcinoma ex pleomorphic adenoma
Polymorphous low-grade carcinoma
Mucoepidermoid carcinoma, grades 1 and 2
Epithelial-myoepithelial carcinoma
Cystadenocarcinoma and papillary 
cystadenocarcinoma
Acinic cell carcinoma
Basal cell adenocarcinoma
Clear cell carcinoma
Mucinous adenocarcinoma
High grade 
Carcinoma ex pleomorphic adenoma 
(malignant mixed tumor) that includes 
adenocarcinoma and adenoid cystic 
carcinoma arising in a pleomorphic adenoma
Adenoid cystic carcinoma
Adenocarcinoma
Mucoepidermoid carcinoma, grade 3
Ductal adenocarcinoma
Squamous cell carcinoma
Sebaceous adenocarcinoma
Myoepithelial carcinoma
Lymphoepithelial carcinoma
Oncocytic carcinoma
Carcinosarcoma

Figure 3. Axial (left) and coronal (right) CT scans of a patient with a right lacrimal gland 
mass, found to be a pleomorphic adenoma. Note the globe dystopia from the mass.
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Table 1. Classifi cation of Neoplasias of the Lacrimal Gland
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evaluation are often needed in the 
diagnosis of a lacrimal gland tumor. 

Benign Lesions

 •  Dacryocele (dacryops) is a reten-
tion cyst of a gland ductule. It gen-

erally presents in young adults with 
signs and symptoms of infl ammation 
in the superotemporal conjunctival 
fornix. Diagnosis is made based on 
clinical appearance (See Figure 2) and 
imaging is not required. In cases of 
large and persistent cysts, microsurgi-

cal drainage of the affected ductule is 
indicated, taking care not to damage 
the normal lacrimal gland, which can 
cause a postoperative dry eye.8

 •  Pleomorphic adenomas account 
for 3 to 5 percent of all orbital tumors 
and 50 percent of all epithelial tumors 
of the lacrimal gland. These lesions 
become evident during the fourth 
and fi fth decades as a slow onset and 
painless proptosis with inferonasal dis-
placement of the globe.1,8 The orbital 
lobe of the lacrimal gland is generally 
affected. The tumor is soft and oval 
with frequent expansion of the lacri-
mal gland fossa and fl attening of the 
globe. Calcifi cations and anterior ex-
tension of the mass beyond the orbital 
rim are rare. In contrast, when these 
lesions present in younger patients, 
the symptom duration is shorter, the 
palpebral lobe is affected, and a hard 
mobile mass can be palpated supero-
laterally.10 On CT scan, the gland may 
look normal with an enlarged rounded 
anterior surface extending outside the 
orbital rim (See Figure 3).

Suspicion of a pleomorphic ade-
noma based on clinical history and 
radiological signs is key to avoid an 
incisional biopsy. Because recur-
rent pleomorphic adenomas can un-
dergo malignant changes, adequate 
management requires a complete 
excision of the lesion through a lat-
eral orbitotomy to avoid a rupture 
or breach of the pseudocapsule. The 
fi ve-year recurrence rate is 3 percent 
for completely excised lesions and 
32 percent for incompletely excised 
tumors. Previous studies reported a 
10 percent incidence of malignant 
transformation of recurrent adeno-
mas by 20 years after treatment, and 
20 percent by 30 years.4

Some advocate the use of fine-
needle aspiration biopsy, however, 
in my opinion there is no reason for 
undertaking this in the presence of a 
clinically and radiologically charac-
teristic disease. Preservation of the 
palpebral lobe during the surgery, 

T (primary tumor)

TX (primary tumor cannot be 
assessed)
T0. No evidence of a primary 
tumor
T1. Tumor smaller than 2 mm 
with or without extraglandular 
extension 
T2. Tumor larger than 2 mm, but 
not larger than 4 mm in greatest 
extension
T3. Tumor larger than 4 mm in 
greatest extension
T4. Tumor invades
          T4a) periosteum
          T4b) orbital bone
          T4c) adjacent structures 
(brain, sinuses, pterygoid fossa)

N (Regional lymph nodes)

NX. Regional lymph nodes 
cannot be assessed.
N0. No regional lymph nodes 
metastasis
N1. Regional lymph nodes 
metastasis, temporal fossa

M (Distant metastasis)

MX. Distant metastasis 
cannot be assessed
M0. No distant 
metastasis
M1. Distant metastasis

Figure 4. A 53-year-old female patient with a right lacrimal gland mass, diplopia and globe 
displacement (4a in primary gaze). She had severe limitation in upgaze (4b) and pathology 
(4c) diagnosed adenoid cystic carcinoma. The coronal CT scan (4d) shows the adenoid 
cystic carcinoma of the lacrimal gland, with bone involvement.

C

A B

D

Table 2. The Proposed Lacrimal Gland Classifi cation.
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when possible, may help to prevent 
dry-eye syndrome. 

Adenoid Cystic Carcinoma

Adenoid cystic carcinoma is the 
most common malignant epithelial 
tumor of the lacrimal gland. It ac-
counts for about 1.6 percent of all 
orbital tumors and 3.8 percent of all 
primary orbital tumors.2-4 There is no 
sex-predilection. Age of presentation 
is about 40 years old, with a range of 
6.5 to 80 years. This wide range of 
presentation may confuse clinicians 
when a unilateral mass in the up-
per temporal quadrant is present in 
children and teenagers, and ACCs 
can be mistaken for dermoids. Thus, 
a high clinical suspicion is indicated.

Patients with an ACC present with 
rapid onset (usually under one year) 
of a temporal mass.2-4,8-13 Symptoms 
are globe displacement, swelling, 
diplopia, visual change, ptosis and 
lacrimation (See Figure 4). Because 
this tumor invades perineurally and 
into the adjacent bone, patients may 
have pain (35 to 40 percent of cas-
es)2-4,8-14 or, more rarely, numbness. 

On CT scans, ACC appears as a 
round or ovoid tumor with irregu-
lar borders within the lateral wall 
of the orbit. The lacrimal fossa is 
usually enlarged with bone invasion 
(See Figure 4d). Bita Esmaeli, MD, 
and colleagues have recently shown 
that 50 percent of their patients with 
ACC had bone involvement.11 For 
this reason it is recommended to ask 
for bone window images and con-
trast enhancement if intracranial or 
extradural extension is suspected. 
In their series, John E. Wright, MD, 
and colleagues showed 75 percent 
bone erosion, 34 percent bone de-
struction and 22 percent soft tissue 
calcifi cation.13 Invasion of the tumor 
into the cavernous sinus, brain or 
bone marrow is best evaluated with 
an MRI with enhancement. 

The best treatment for an adenoid 

cystic carcinoma is still controver-
sial. Surgical techniques include lo-
cal resection, en bloc removal and 
exenteration. The tumor is diffi cult 
to dissect, and radical exenteration, 
with removal of the frontal bone, the 
lateral wall of the orbit and the tem-
poral muscle, has been recommend-
ed. However, even with this radical 
approach, the mean survival is fi ve 
years, with a 20-percent survival at 
10 years. Mortality is associated with  
intracranial invasion and lung metas-
tasis.1-4,7-14 Radiotherapy in the dose 
of 50 to 60 Gy after local resection 
has been demonstrated to prolong 
survival and reduce recurrences. 

Recently, a new and promising 
treatment option was published by 
David T. Tse, MD, and colleagues 
on the use of intra-arterial cytore-
ductive chemotherapy (IAAC) as 
an adjunct to exenteration and stan-
dard radiotherapy.4,15 The authors 
found a signifi cant reduction of re-
currences and mortality related to 
the tumor with this treatment when 
compared with patients treated with 
conventional therapies.4,13-15

The diffi culty of achieving a cure 
for this disease is attributable to 
the complex orbital anatomy and 
the aggressive biological behavior 
of the tumor with its demonstrated 
infi ltrative growth pattern, propen-
sity for perineural infi ltration with 
retrograde intracranial extension, 
and hematogenous and lymphatic 
invasion.5 Intracranial extension and 

metastatic disease are the principal 
causes for death.12

Macroscopically, an adenoid cystic 
carcinoma appears as a white-grayish 
solid and circumscribed tumor. Mi-
croscopically, fi ve histologic patterns 
are identified, and in order of fre-
quency, they are: cribiform (Swiss 
cheese); solid (basaloid); sclerosing; 
comedocarcinomatous; and tubu-
lar.1-4,10 The basaloid pattern most 
commonly occurs in patients older 
than 40 years and is associated with a 
worse prognosis and shorter survival, 
in contrast to the cribiform pattern.

Malignant Mixed Tumor

Malignant mixed tumor is also 
called carcinoma ex pleomorphic 
adenoma, pleomorphic carcinoma 
or carcinoma in pleomorphic ade-
noma,1-4,7-13 and represents a pleo-
morphic adenoma that has under-
gone malignant degeneration. These 
account for 4 to 15 percent of the 
epithelial tumors of the lacrimal 
gland.1,7,8,11-14 Typically, it occurs one 
decade later than pleomorphic ad-
enoma. 

Malignant mixed tumors can pres-
ent in one of three clinical patterns.8 
First, and most common, is a patient 
who initially had a benign mixed tu-
mor resected incompletely and had 
a recurrence years later. Second is 
a patient with a long-standing, in-
dolent lacrimal gland tumor who 
suddenly experienced an acute 

Figure 5. Coronal CT scan with bone (left) and soft tissue (right) windows of a patient with 
a malignant mixed tumor of the left lacrimal gland.

094_rp0413_plastics.indd   97 3/18/13   11:37 AM



98 | Review of Ophthalmology | April 2013

Plastic
Pointers R

E
V

IE
W

expansion with pain 
and swelling of the up-
per eyelid. And third, 
a patient who presents 
with rapid onset of 
symptoms, including 
pain, and aggressive 
bone destruction is 
found. The latter pre-
sentation is considered 
to be de novo.8

Radiologic features 
of malignant mixed tu-
mors show an enlarged 
lacrimal fossa surround-
ed by bone destruction, 
signs that are suggestive 
of malignancy. How-
ever, sometimes this 
tumor may show as a 
smooth tumor without bone destruc-
tion. As with all bone evaluation, in-
spection for bone changes on CT 
is best identified with a bone win-
dow. In cases of dural or intracranial 
extension, contrast enhancement is 
useful. On CT, it is not possible to 
differentiate a malignant mixed tu-
mor from other types of carcinoma 
(See Figure 5).

Histologically, to fi t in the diag-
nosis, benign and malignant com-
ponents of the lesion need to be 
identifi ed.2,3,8 A mixed tumor shows 
features of a benign mixed tumor 
with areas of malignant transforma-
tion. If the benign component is 
not present, then the diagnosis is 
pleomorphic carcinoma. In most 
cases these elements are poorly dif-
ferentiated adenocarcinomas, but 
squamous cell carcinoma, adenoid 
cystic carcinoma or even a sarcoma 
can be found. 

Malignant mixed tumors are also 
subclassified in non-invasive (intra-
capsular or carcinoma in situ), mini-
mally invasive and invasive. The fi rst 
two have an excellent prognosis even 
without adjunctive radiotherapy, 
when they are totally resected without 
breach of the capsule. 

Adenocarcinoma

Adenocarcinoma comprises 7 per-
cent of the epithelial tumors of the 
lacrimal gland.1-3 It affects older pa-
tients (18 to 80, mean 58 years) and 
is more common in the male popula-
tion. Clinical presentation is that of 
a rapidly growing and palpable mass 
that causes proptosis, globe displace-
ment, diplopia, ptosis, visual loss and 
pain.7 This tumor has a more aggres-
sive behavior and a shorter patient 
survival time than adenoid cystic 
carcinoma (1.5 years). Mortality is 
associated with an early lymphatic 
dissemination of the tumor cells to 
lymph nodes and lungs.4,6 Aggressive 
treatment is warranted, including 
a monobloc craniofacial orbitotec-
tomy, exenteration, lymph node dis-
section and subsequent radiother-
apy.8-15 Patients under this protocol 
have shown a better survival rate and 
fewer recurrences. 

Other Less Common Tumors

 •  Hemangioma. Vascular lesions 
such as cavernous hemangioma, epi-
thelioid hemangioma and hemangio-
endothelioma can grow within the 
lacrimal gland.7 If these lesions are 

confi ned to the lacrimal 
gland, the treatment is 
simple excision. 

 • Oncocytoma. Onco-
cytomas are rare neopla-
sias that may occur in the 
caruncle, lacrimal sac, 
conjunctiva and lacrimal 
glands. These lesions are 
more common in the el-
derly. Benign and malig-
nant oncocytomas have 
been reported in the lac-
rimal gland.16 Malignant 
lesions may show intra-
cranial extension. 

 •  Acinic cell carci-
noma. Although acinic 
cell carcinoma comprises 
2 to 4 percent of the pa-

rotid glands primary tumors, only a 
few cases are reported in the lacrimal 
gland. Females in the sixth decade 
appear to be more affected.17 This is 
usually a slow-growing and painless 
mass but can develop intracranial 
extension. 

 •  Sebaceous cell carcinoma. A 
sebaceous cell carcinoma of the lac-
rimal gland is very rare but very ag-
gressive.18 It may occur from hetero-
topic sebaceous tissue. Differential 
diagnosis should include metastatic 
spread or orbital invasion of an eye-
lid tumor. Exenteration, lymph node 
dissection and postoperative radio-
therapy are indicated. 

 •  Spindle cell myoepithelioma. 
This is a benign and monomorphic 
adenoma composed of myoepithelial 
cells.19 It presents as a well-circum-
scribed solid lesion that if removed 
completely through a lateral orbi-
totomy has a benign behavior similar 
to that of pleomorphic adenoma (See 
Figure 6).

 •  Solitary fibrous tumor. This 
rare spindle cell neoplasm frequently 
arises in the pleura. The clinical be-
havior (slow progressive and pain-
less mass with unilateral proptosis) 
and tomographic fi ndings (mild bony 

Figure 6. Axial CT scan of a patient with a left lacrimal gland tumor, which 
pathology diagnosed as a spindle cell myoepithelioma.
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remodeling without calcifications) 
are similar to that of pleomorphic ad-
enoma (See Figure 7). Treatment is 
with en bloc excision. Recurrences are 
common and malignant transforma-
tion even several years after surgery 
has been documented.1,4,16 Thus, care-
ful follow-up is needed.

 •  Primary cystadenocarcinoma. 
This rare and just recently described 
entity follows the clinical course of a 
similar lesion in the salivary glands.20

When the lesion is completely excised, 
it has an indolent behavior and there 
is no need for additional radiotherapy. 

Recently, a better knowledge and 
understanding of the counterpart 
major salivary glands has revised the 
classification of lacrimal gland tu-
mors. Increased understanding has 
brought evolution to the nomencla-
ture and new diagnostic and thera-
putic modalities are following. CT 
and MRI are very valuable to assess 
lacrimal gland lesions. A high index 
of suspicion and knowledge of the 
radiologic findings and clinical be-
havior of the different lesions is im-
perative when dealing with lacrimal 
tumors. Complete resection of the 
lacrimal gland may prevent recur-
rences and later malignant transfor-
mation of some previously benign 
lesions. Management of malignant 
tumors is still controversial and may 

require a more aggressive treat-
ment including exenteration, en-bloc 
craniofacial orbitotomy, with bone 
removal, radiotherapy and chemo-
therapy. A new promising and recent 
option is the IV administration of 
chemotherapy agents. Further stud-
ies are needed to standarize the best 
treatment option for the different 
tumors that can affect the lacrimal 
gland. 
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Wh e n  m a n a g i n g  g l a u c o m a , 
there are a number of reasons 

ophthalmologists conduct tests. One 
is to establish a baseline so that later 
it is possible to determine whether 
something has changed. Another is 
to see if anything is “wrong.” Some 
tests are performed when trying 
to find a specific problem, such as 
a specific diagnosis. Other tests are 
done to compare with earlier tests, to 
determine whether there have been 
changes . Tests may also be done when 
they are of marginal value because 
they result in a reimbursement, or 
for the intent of protecting oneself 
from medical/legal concerns about 
not doing enough. 

The information obtained from 
tests is often essential in order to 
decide what the patient has and what 
needs to be done. But testing also 
is expensive, inconvenient, and may 
actually be counterproductive. My 
hunch is that at the present time we 
probably do far more testing than is 
justifi able or helpful. 

When trying to be of help to a 
patient with glaucoma and deciding 
upon what tests to do, it’s useful to 
consider two questions: Is this test 

really necessary? And, which tests are 
really worth doing?

Visual Fields: Not Always Helpful

Glaucoma is a disease that af-
fects vision, so knowing what’s hap-
pening with the patient’s vision and 
understanding the nature of the visual 
field is often an important part of 
caring for a patient with glaucoma. 
There are many ways to evaluate the 
visual field; a standard automated 
perimetry is only one of them. The 
tests are subjective, however, and 
they are often diffi cult for patients to 
perform. As a result it is not rare to 
have false positives or false negatives.

One situation in which a visual 
field examination may be wasteful 
is when the test is performed in a 
person in whom it is virtually certain 
that the fi eld is going to be normal. 
When the patient has no symptoms, 
no suggestion of the presence of glau-
coma and a healthy optic nerve head, 
what is the benefi t of obtaining a visual 
fi eld? It will certainly be normal. 

In contrast, a photograph of the op-
tic nerve head can be extremely use-
ful as a baseline because optic nerve 

heads come in many different shapes, 
sizes and colors; in order to see a 
change in the optic nerve head, it’s 
often necessary to know what it looked 
like to start with. The same is true 
for a gonioscopic examination. But 
this isn’t true for visual fi elds, where 
you’re looking for the development 
of a defect. (One potential advantage 
of a baseline visual field is that the 
patient can learn how to take the test, 
which does have some value.)

Besides being costly, time-con-
suming and inconvenient, visual fi elds 
can also be misleading. Bal Chauhan, 
MD, in Halifax, Nova Scotia, has 
done excellent work on the issues 
surrounding visual field testing. 
He and others have suggested that, 
because of the variability of the results, 
it may be necessary to perform up to 
six visual fields before you can tell 
that a change has defi nitely occurred. 
In order not to miss something that’s 
happening along the way, that would 
mean performing a visual fi eld every 
two months or so. In the fi rst place, 
doing that for every patient would 
be very expensive. Second, that large 
number of tests would be associated 
with some false positives. As many 

George L. Spaeth, MD, Philadelphia

Overuse of testing can have a negative impact on the patient, 
the doctor and the health-care system.

Glaucoma Testing: Too 
Much of a Good Thing
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as one out of fi ve test results might 
incorrectly indicate that the patient 
had gotten worse.

It’s often difficult to determine 
whether a change in the fi eld which 
is considered defi nite by the testing 
machine really is definite. (For ex-
ample, consider the series of fields 
shown above.) When the physician 
or optometrist sees a visual field 
that definitely appears worse than 
previous tests, and the patient asks if 
her visual fi eld is worse, the answer 
could be, “Yes, I think it’s worse,” or, 
“I really can’t tell because visual fi elds 
are noisy; I can’t determine whether 
you’re actually worse or not just on 
the basis of this field.” Meanwhile, 
however, the patient is impressed 
that the test looks worse. So what 
is the doctor to do? He’ll probably 
increase the vigor of treatment by 
adding another drop or perhaps 
moving to surgery. This is not ideal 
because every treatment—without 
exception—causes side effects. If the 
patient really hasn’t gotten worse,  
increasing the treatment is likely to 
make her worse unnecessarily. 

The bottom line is that it’s advisable 
to reduce the number of tests to the 
point where you have as few false 
positives and negatives as possible, 
and tests are only done when they are 
really necessary.

My prediction is that 10 years from 
now, visual fi elds will be used less than 
they are now. They are difficult for 
the patient and variable. The Ocular 
Hypertension Treatment Study mea-

sured visual fields to determine 
whether the enrolled subjects were 
getting worse. They found that of the 
visual fi elds indicating that the patient 
had worsened, 86 percent were in-
valid—that is, the patients had not 
actually worsened.

So: How often do you need to 
do a visual field on a glaucoma pa-
tient? There is no simple answer. 
Some guidelines say that visual fi eld 
examinations should be done every 
year, but I disagree with that. If a 
glaucoma patient has been stable for, 
let’s say, fi ve years, and there is no in-
dication of concern because his pres-
sure appears to be in a range that’s 
been associated with stability of the 
disc and field for those five years, 
and the disc is quite healthy looking, 
I see no reason to get a visual fi eld on 
a yearly basis. Why subject an asymp-
tomatic patient to a test that costs a lot 
of money, takes up the patient’s and 
technician’s time, and will probably 
give a result that’s unlikely to alter the 
way the patient is being cared for? 

On the other hand, when patients 
are unstable and appear to be pro-
gressing rapidly, it may be necessary 
to test them at intervals as short as 
several months. The appropriate fre-
quency of tests needs to be individu-
alized to be most appropriate for the 
person being taken care of. 

High-tech Testing

What about the newer imaging 
techniques that are available—OCT, 

HRT and GDx? Our group conducted 
a study on this, and we found that 
about half of the time you can’t really 
interpret the results. The scan may 
not be quite in focus, or the focus is 
fi ne but you simply don’t know what 
to make of it. That’s a lot of money to 
be spending if a signifi cant number of 
the tests you’re doing are going to end 
up in the wastebasket. Even worse, if 
a test result is hard to interpret and 
you interpret it anyway, you’re likely 
to end up with a result that’s not valid, 
leading to incorrect treatment.

Certainly if you see a reason to 
suspect that the test won’t work for 
some technical reason, such as that 
the patient has trouble keeping his 
eyes still or you can’t dilate the pupils 
well for a test that requires dilation, 
for goodness sake, don’t do the test. It 
won’t give you any valid information; 
all it will do is cost money and take 
time. Maybe you’ll get some kind of 
barely interpretable result which you 
then try to interpret, which is worse 
than having no data at all if it leads 
you to an invalid conclusion.

Some have argued that these high-
tech scans are very useful. However, 
it’s hard to understand why these tests 
went from being not useful to being 
useful simply because they went from 
being non-reimbursable to being 
reimbursable.

Measuring central corneal thickness 
has also become very popular; it’s 
now routinely done on most patients 
who have glaucoma. In theory it can 
provide some useful information, but 

Visual fi elds can be highly variable. The fi rst fi eld above showed a probable nasal step. Six months later it appeared that the defect had 
progressed markedly. However, after another six months, with no change in treatment, the defect appeared to be smaller. One year later 
the fi eld showed only a superior loss, suggesting that the nasal defect was just an artifact.
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the person who really brought 
the potential importance of 
CCT to our attention—James 
Brandt ,  MD—makes the 
point that there’s currently no 
algorithm that can be used to 
accurately adjust a patient’s 
intraocular pressure on the 
basis of corneal thickness. 
Without the ability to make that 
correction, why do the test?

One reason for measuring 
CCT that may make sense is 
for the purpose of accumulating 
data that might help develop 
future uses for this data. There’s 
evidence, for example, that 
people with thin central corneas 
may be at greater risk for de-
veloping glaucoma. If that’s 
true, then measuring central corneal 
thickness might provide information 
as to whether a person with glaucoma 
is going to get worse or not. That 
would be valuable, so collecting data 
in a way that would help answer that 
question is important. 

In fact, collecting clinical data that 
can be used in research can often 
be accomplished just as well in a 
private practitioner’s office as in an 
academic glaucoma center. A private 
practitioner who can say, “I’ve now 
got 1,000 CCTs and I found that 
there was a very close correlation be-
tween thinness of the cornea and the 
likelihood of a person developing 
progressive glaucomatous visual loss,” 
is making a real contribution.

AS-OCT vs. Gonioscopy

Some surgeons have argued that 
anterior segment OCT is a good 
source of information regarding 
the condition of the angle. It does 
provide an objective measurement, 
which sounds great. The problem is, 
what can be done with that objective 
measurement? There isn’t enough 
information available yet to use AS-
OCT in the same way data uncovered 

by gonioscopy can be utilized. 
A gonioscopic exam, for example, 

can reveal that there is blood in the 
angle, triggering an appropriate 
evaluation to f igure out why. 
Gonioscopy can show a tear in the 
angle, indicating there was previous 
trauma. Or it can reveal that there 
is a Sampaolesi line or increased 
pigmentation of the posterior tra-
becular meshwork, triggering the 
likelihood of a diagnostic entity. 
AS-OCT will not show any of those 
attributes. 

AS-OCT does indicate the angle 
configuration, and that’s important, 
but how to translate that angle 
configuration into clinical care is 
not yet clear. Furthermore, because 
it’s often difficult using AS-OCT to 
determine exactly where the tra-
becular meshwork is, it’s hard to de-
termine whether the angle is actually 
closed or not. 

Patients would be better served if 
ophthalmologists gonioscoped their 
patients knowledgeably rather than 
depending on AS-OCT. Gonioscopy 
takes about a minute, in contrast 
to perhaps a half hour for an AS-
OCT. Gonioscopy doesn’t require 
an expensive machine; a gonioscopic 

lens can be carried easily in 
the pocket. Technicians are 
not required for gonioscopy, 
and patients don’t need to go  
to another room or facility 
to have the test. Overall, AS-
OCT current ly  increases  
the inconvenience to the 
patient and the cost of care, 
without any evidence that it 
actually improves patient care.  
Admittedly, gonioscopy is not  
easy to master, but it has been 
shown that it can be learned, and 
studies have demonstrated that 
it can be highly reproducible.

Should ophthalmologists skip 
using AS-OCT altogether when 
managing glaucoma? In my 
opinion, yes. Patients can get 

the very best care available without 
it. (A possible exception might be 
certain cases in which the cornea is 
cloudy, where some physicians might 
find the information helpful.) The 
technique needs to be studied; we 
need to learn about it. But as far as 
managing today’s patients, in general 
I don’t believe it should be used. 

The Downsides of Testing

One of the most important reasons 
to avoid unnecessary testing is the 
cost. The simple fact is that medical 
care has become unaffordable in the 
United States.

I recently got a brace for an injury; 
it was very expensive, and it didn’t 
work very well. I went back to have 
them adjust the brace; they filed 
down one part of it and made a few 
adjustments and then charged $776 
for the adjustment. My thought was, 
if you didn’t get it right the fi rst time, 
you shouldn’t be getting paid extra to 
fi x it. With this arrangement, they can 
charge every time it needs adjusting, 
which gives them an incentive to 
never get it right! Medical care can’t 
work like that; it’s not sustainable.

Another problem is that many tests 

The health of optic nerves cannot always be judged on the 
basis of a single photograph because of natural 
variability. This optic nerve shows a superior “notch.”  
However, there was no associated visual fi eld loss or 
asymmetry of intraocular pressure between eyes, and the 
patient was followed for more than 10 years without any 
changes in the disc or visual fi eld in either eye.
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are conducted simply to protect the 
doctor from being accused of over-
looking something. This is one of the 
most misused justifi cations for doing a 
test—and it backfi res in the long run. 

Suppose an ophthalmologist 
decides to do a visual field, not 
because he thinks the field will be 
abnormal, but out of fear that if he 
doesn’t do it and misses something 
he might be liable later on. This has 
serious unintended consequences, 
because standard of care is deter-
mined by what doctors do. If you 
perform tests even though you don’t 
really think they’re necessary, you’re 
developing a standard of care that says 
these tests should be done. You’re 
locking yourself into having to do 
them in the future. 

Some may think that doing “de-
fensive testing” will protect them for 
the moment, but physicians have also 
been successfully sued for performing 
unnecessary tests. Excessive testing, 
is really self-defeating, because it sets 
up unrealistic standards. (It’s diffi cult 
to defend oneself for not having done 
an unnecessary test if everybody else 
in the profession is doing it.) And 
when the standard of care involves 
doing unnecessary tests, that drives 
up the cost of care signifi cantly and 
unnecessarily. 

Please don’t misunderstand me; 
I’m not opposed to testing. In fact, I 
think we should be doing more testing 
in certain areas, such as obtaining 
baseline photographs of the optic 
disc and evaluations of the anterior 
chamber angle, than we’re doing 
now. But much of the other testing 
being done is unnecessary and even 
counterproductive, and it adds to the 
unacceptably high cost of medicine.

Getting a Good Baseline

Glaucoma is a process, and one of 
the ways in which the glaucomatous 
process manifests itself is by the optic 
nerve head becoming damaged. In 

the early stages of glaucoma, probably 
the best way to determine that the 
process is active is to see that the optic 
nerve is changing. The detection of 
damage, however, often requires the 
presence of a baseline to determine 
whether the current appearance is 
merely a variation from normal or ac-
tually represents a change from the 
earlier appearance. 

For this purpose, obtaining a 
baseline optic disc photograph is 
highly useful. One of the problems 
with obtaining baselines with tests 
such as OCT, HRT or GDx is that 
the technologies change frequently, 
so that data obtained 10 years hence 
may not be able to be compared 
meaningfully with data obtained 10 
years before. On the other hand, 
disc photographs that were taken 
when photography was in its early 
stages are just as valid now as they 
were then. Even an accurate disc 
drawing, such as those made by 
Austrian ophthalmologist Eduard von 
Jaeger in 1869, are valuable pieces of 
information.

The second test that makes sense 
in order to establish a baseline is 
gonioscopy. Of course, the gonioscopic 
fi ndings need to be recorded in a way 
that will provide needed information 
years later; that will make it possible 
to reasonably determine whether the 
angle has or has not changed. 

Sadly, evaluation of the optic disc 
and gonioscopy are still not routinely 
done, even in patients with glaucoma. 
Several years ago, ophthalmologist 
Paul Lee, MD, noted that around 50 
percent of patients who had glaucoma 
didn’t have comments on their charts 
as to the nature of the optic disc. 

Wouldn’t it be wonderful if disc 
photographs could be obtained on 
everyone? For example, it’s feasible to 
set up a system so that when people 
have their photographs taken for 
their driver’s license, a photograph 
of the fundus is also obtained. That 
photograph could then be encoded 

on the license in digital form. What a 
marvelous baseline that would be for 
understanding the health or disease of 
that particular eye years later.

Dealing With Current Reality

When it comes to caring for pa-
tients with glaucoma, it seems clear 
that we need better tests than the 
ones we have available now. There 
are excellent reasons to develop 
better objective digital imaging 
technologies, despite their current 
limitations with regards to being of 
help to patients. Were it possible to 
determine with certainty that the 
retinal nerve fi ber layer was thinning, 
and the rate at which it was thinning, 
ophthalmologists would have a pow-
erful tool that would help them de-
termine whether their patients were 
getting worse. Meanwhile, other ob-
jective tests are also improving. One 
that I think needs to be carefully 
studied involves an objective way of 
detecting an afferent pupillary defect. 

Glaucoma can be a really bad 
disease. If necessary treatment is 
not initiated in a timely fashion 
because a change in the retina or 
field was missed, the person may 
get worse unnecessarily. So I’m not 
saying that patients should not be 
tested—especially when establishing 
a baseline, where optic disc photo-
graphs and gonioscopy can be cru-
cial. But before a test is ordered, we 
need to ask ourselves: 1) “Is this likely 
to give me a valid, interpretable 
result?” And 2) “Is the result likely 
to influence what I’m going to do 
with this patient?” If those two ques-
tions cannot be answered in the affi r-
mative, maybe the test shouldn’t be 
done.  

Dr. Spaeth is attending surgeon at 
Wills Eye Institute in Philadelphia 
and Louis J. Esposito Research 
Professor at Wills Eye Institute/
Jefferson Medical College.
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There’s an old adage that the more 
treatments there are for a given 

disease or condition, the less likely 
it is that any of them is ideal. No 
refractive vision condition exempli-
fi es this more than presbyopia, which 
has had every treatment under the 
sun thrown at it over the years, but 
a perfect solution has still remained 
elusive. One new approach that’s 
close to arrival in the United States is 
the corneal inlay, which proponents 
say offers the benefi t of an effective 
yet removable option for presbyopes. 
Here’s an update on three inlays and 
their current results.

Acufocus Kamra

According to John Vukich, MD, 
who was an investigator in the Kam-
ra’s U.S. trial, the Kamra inlay is far 
along in the Food and Drug Admin-
istration approval process, and 30,000 
of them have already been implanted 
in patients outside the United States. 
The implant is designed to be used in 
emmetropic presbyopes.

“The Kamra is implanted monoc-
ularly, usually in the non-dominant 
eye,” Dr. Vukich explains. “It works 

by essentially creating a pinhole ef-
fect with its central 1.6 mm aperture. 
The outer diameter of the ring is
3.2 mm. It has no refractive power, 
and it doesn’t alter the refractive 
power or the shape of the cornea. It 
doesn’t require power selection or an 
adjustment for age. A patient won’t 
outgrow it to the point where you 
would need to exchange it for an inlay 
of another power. It’s a reduced aper-
ture size that, by using the central col-
limated light rays, is able to create a 
depth of focus that allows near vision 
restoration.”

For implantation, the surgeon uses 
a femtosecond laser to create a stro-
mal pocket at 180 to 200 µm depth. 
The surgeon uses a special modifi ed 
forceps to slide the inlay into the pock-
et. “We’ve learned that the quality of 
the stromal bed smoothness and the 
quality of the incision have a signifi -
cant impact on the outcome,” says Dr. 
Vukich. “Because these are placed at 
180 to 200 µm, the laser profi le needs 
to be adjusted carefully. The tighter 
the laser’s spot/line separation—in 
other words, the closer the spots are 
to each other and the closer a line of 
spots is to each adjacent line—the 

smoother the cut is. At deeper levels 
this smoothness makes a significant 
difference in terms of the quality of 
vision. So, some of the earliest pa-
tients in whom we didn’t understand 
or recognize this correlation didn’t 
get as good of an effect for near vision 
as we had hoped, and some of their 
implants were removed because they 
got limited benefi t from them. Later 
in the trial, once we had established a 
connection between the quality of the 
stromal bed, the spot/line separation 
and the visual quality outcomes, pa-
tients had much better results.”

In the U.S. study of the Kamra, 428 
patients with two years of follow-up 
gained 3.2 lines of near acuity on aver-
age, and are reading at approximately 
J2. Intermediate vision in the inlay 
eye improved from less than 20/32 
to 20/25. The mean uncorrected dis-
tance vision in the inlay eye is 20/20. 
“There haven’t been any major com-
plications,” Dr. Vukich says. “Some 
inlays were removed for a variety of 
reasons, but this is a small number, 
less than a fraction of a percent. A 
common reason for removal was re-
lated to centration and positioning, 
but we’ve certainly learned a lot about 

Walter Bethke, Managing Editor

A review of several intracorneal inlays vying for Food and Drug 
Administration approval to treat emmetropic presbyopes.

Three New Ways to
Tackle Presbyopia
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how to position and appropriately 
place them now.”

Dr. Vukich says that, in terms of 
FDA approval, the company is col-
lating the fi nal three-year data on the 
trial patients and is putting it all to-
gether for an FDA submission that 
could occur very soon.

Presbia Flexivue Microlens

Rather than use a small-aperture 
pinhole effect, the Flexivue is a thin 
ring that contains a refractive power 
that alters the eye’s index of refrac-
tion, conferring some near vision abil-
ity to the patient.

“The power that’s selected depends 
on the patient,” explains Bogota, Co-
lombia, ophthalmologist Gustavo 
Tamayo, a medical advisor to Pres-
bia. “We can go from +1 to +3 D, de-
pending on the age and needs of the 
patient, and his previous refraction. 
The inlay is implanted in the non-
dominant eye, so we’re not decreasing 
the patient’s binocular distance vision 
because the dominant eye, which is 
assumed to be 20/20 for distance, re-
mains untouched.” The inlay is 3 mm 
in diameter, with a 0.9-mm central 
hole, and is 15 µm thick. It’s intended 
to be implanted in emmetropic pres-
byopes. The company advises that 
patients undergo a monovision test 
of +1.5 D beforehand. “It’s not ‘real’ 
monovision,” says Dr. Tamayo. “It’s 
one eye seeing 20/30 and the other 
20/20. However, you have to produce 
a little in the patient and see if he can 
tolerate that small difference.”

“We use a femtosecond laser to cre-
ate a pocket at a depth of 300 µm,” Dr. 
Tamayo continues. “We then insert 
the inlay in the pocket. The pocket 
could be created by any instrument, 
such as a modified microkeratome, 
but the company requires a femto-
second laser in its protocol. Centering 
the implant is a very big issue right 
now for any type of correction of pres-
byopia, because we don’t know exactly 

where a patient’s visual axis is. We 
advise surgeons to center the inlay on 
the second Purkinje refl ex, which is 
usually closer to the visual axis than 
the center of the pupil. In fact, for a 
surgeon’s first cases, I recommend 
that he have a slit lamp close to the 
surgical theater in order to view the 
eye postop to make sure the inlay’s 
perfectly centered. However, an ad-
vantage of this inlay is that you can 
center it the next day after implanta-
tion without any problem if you notice 
it’s not centered.”

In a paper presented at the 2012 
meeting of the European Society of 
Cataract and Refractive surgery by 
Vladimir Feingold, Ioannis Pallikaris, 
MD, and Marco Fantozzi, MD, 75 
percent of 54 emmetropes implanted 

with the Flexivue could read J2 or 
better at 12 months. The uncorrected 
distance vision in the operated eye 
decreased from 20/20 to 20/40, but 
best-corrected vision remained 20/20. 
Dr. Tamayo says that, in some cases, 
an inlay of one power needs to be ex-
changed for a stronger one as the pa-
tient ages. “We have done this when 
patients become more presbyopic,” 
he says. “The ones who are used to 
the difference between the eyes can 
tolerate the change.”

In terms of adverse events, some 
lenses have to be exchanged from 
time to time. “In inexperienced sur-
geons who aren’t used to dealing with 
presbyopia surgery, the exchange rate 
can be as high as 30 percent,” says Dr. 
Tamayo. “But for experienced sur-
geons, the removal rate is between 
zero and 1 percent, because they have 
already tested the patients, and the 
patients know what to expect. I’ve had 
no reason to explant an inlay except for 
one case in which the patient devel-
oped a vitreous hemorrhage months 
after surgery for a reason unrelated to 
the inlay. Once you gain experience 
with the surgery, the repositioning 
rate is almost zero, as well, and I’d 
say it’s no greater than 5 percent. For 
the inexperienced surgeon, the need 
to come back and recenter an inlay 

Long-term Results of the Kamra Inlay

The Flexivue Microlens contains an add 
power and goes 300 µm inside the cornea.
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may be between 10 and 20 percent.” 
About half of the patients get halos 
that last for about a month postop, 
Dr. Tamayo adds.

It could be a couple of years before 
the Flexivue is ready for FDA evalua-
tion. “It’s not approved in the United 
States,” says Dr. Tamayo. “We’re just 
starting the FDA study of the inlay 
around the time of this year’s ASCRS. 
Having one of the inlay designs that 
completes all the studies in the United 
States will take one or two years.”

ReVision Optics Raindrop

A third proposed mechanism for 
treating presbyopia is being pursued 
by the Raindrop inlay: Rather than us-
ing the pinhole effect or containing an 
add power, the Raindrop relies on us-
ing its own thickness to create a small 
bump that alters the cornea’s curvature 

in the emmetropic presbyope’s non-
dominant eye.

“The Raindrop is a 2-mm-diam-
eter, 30-µm-thick device that is im-
planted under a corneal flap that’s a 
little thicker than that normally used 
for LASIK—150 µm,” explains John 
Olkowski, MD, a Honolulu surgeon 
who consults for ReVision Optics. 
“The presence of the implant causes a 
central elevation in the fl ap that gener-
ates multifocality in the cornea. By not 
having a refractive power, if the device 
settles a little off center, off the visual 
axis, it won’t impact visual results. This 
attribute gives the surgeon a little bit of 
a safety net versus a device where, if it’s 
a little off-center, the patient becomes 
symptomatic.” Dr. Olkowski says that 
the operated eye will lose about a line 
of distance vision, but that this isn’t 
noticeable binocularly. Also, a small 
percentage of patients will develop 

some corneal haze around the device, 
but an additional course of steroids can 
treat this successfully.

To help ensure success with the de-
vice, surgeons in the Raindrop FDA 
trial give prospective patients a multi-
focality test before implantation. “We 
have to do a multifocal contact lens 
trial on the non-dominant eye to see 
if they can tolerate that,” Dr. Olkowski 
says. “They wear the lens for fi ve days 
to see what they think. This is pretty 
extreme—if they can tolerate that lens 
for fi ve days, they’ll most likely love the 
inlay, because the contact lens can slide 
around and has its own challenges.”

The Raindrop is poised to enter the 
final years of its FDA trial. “We re-
ceived approval for the last phase of 
our study, Phase IIIb, this March and 
are recruiting for it now,” Dr. Olkowski 
says. “We’ll be enrolling 300 patients in 
this Phase IIIb study.”  
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Visual Field Index may be a more 
robust measure of visual field 

damage than mean deviation or pat-
tern standard deviation in glaucoma-
tous eyes with coexisting cataracts.

In order to determine the effect of 
cataract on the VFI in glaucoma pa-
tients, reliable VFs of 53 patients (53 
eyes) with primary glaucoma who un-
derwent phacoemulsification either 
alone or combined with trabeculec-
tomy were analyzed before and after 
surgery. All patients had VFs within 
a period of 15 months before and af-
ter surgery, and VFI, MD and PSD 
before surgery were compared with 
those after surgery.

Median (25th and 75th percentiles) 
MD after cataract surgery (-10.52 dB; 
r:-19.25 to -4.86 dB) was signifi cantly 
better (p=0.003) than that before sur-
gery (-11.74 dB; r:-20.61 to -7.15 dB). 
Median PSD after surgery (4.76 dB; 
r:2.48 to 9.83) was worse (p=0.01) 
than before surgery (3.5 dB; r:1.93 
to 8.2 dB) when eyes with MD bet-
ter than -20 dB were considered (41 
eyes). VFI after surgery (80 percent; r: 
44 percent to 94 percent) was similar 
(p=0.92) to that before surgery (77 
percent; r:37 percent to 92 percent). 
MD improved while VFI remained 
unchanged in both nuclear sclerotic 
(n=41) and posterior subcapsular cat-
aracts (n=12).

J Glaucoma 2013;22:164-168.
Rao H, Jonnadula G, Addepalli U, Senthil S, Garudadri C.

One-Year Results From the 
Phase III COPERNICUS Study 

One-year results from the Phase III 
COPERNICUS study suggest that 

monthly injections of 2-mg intravitreal 
afl ibercept for patients with macular 
edema secondary to central retinal 
vein occlusion resulted in a statisti-
cally signifi cant improvement in visual 
acuity at week 24, which was largely 
maintained through week 54 with in-
travitreal afl ibercept dosing as needed. 

The multicenter study randomized 
189 patients (one eye/patient) with 
macular edema secondary to CRVO 
to receive six monthly injections of 
either 2-mg intravitreal aflibercept 
(IAI 2Q4; n=115) or sham (n=74). 
From week 24 to week 52, all patients 
received 2-mg intravitreal afl ibercept 
as needed (IAI 2Q4 +PRN and sham 
+IAI PRN) according to retreatment 
criteria. The primary endpoint was 
the proportion of patients who gained 
≥15 ETDRS letters from baseline at 
week 24. Additional endpoints includ-
ed visual, anatomic and quality of life 
outcomes at week 24 and 52.

At week 24, 56.1 percent of IAI 
2Q4 patients gained ≥15 letters from 
baseline compared with 12.3 percent 
of sham patients (p<.001). At week 
52, 55.3 percent of IAI 2Q4 +PRN pa-
tients gained ≥15 compared with 30.1 
percent of sham +IAI PRN patients 
(p<.001). At week 52, IAI 2Q4 +PRN 
patients gained a mean of 16.2 letters 

of vision versus 3.8 letters for sham 
+IAI PRN (p<.001). 

The most common adverse events 
for both groups were conjunctival 
hemorrhage, eye pain, reduced visual 
acuity and increased intraocular pres-
sure; however, intravitreal afl ibercept 
injection was generally well-tolerated.

Am J Ophthalmol 2013;155:429-
437.
Brown D, Heier J, Clark L, Boyer D, et al.

Severe Limbal Stem Cell 
Defi ciency from Contact Lenses

A retrospective case series from 
the Cleveland Eye Clinic de-

scribes the characteristics of patients 
with severe limbal stem cell defi cien-
cy associated with contact lens wear, 
noting that because conservative mea-
sures may not reverse the disease, it is 
a clinical diagnosis that ophthalmolo-
gists should recognize.

The charts of 12 patients (18 eyes) 
were located in a database search 
of patients with severe limbal stem 
cell defi ciency related to contact lens 
wear. Outcome measures included 
patient demographics, contact lens 
type, duration of wear, indications for 
wear, symptoms, location and lateral-
ity of limbal stem cell defi ciency, coex-
isting ocular diseases and treatment.

Mean patient age at presentation 
was 42 (r:19 to 58 years of age); eight 
patients (67 percent) were female. 
The mean duration of contact lens 

Cataract Extraction 
And VFI in Glaucoma
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wear was 14.1 years (r:one to 20 years); 
six patients (50 percent) had bilateral 
disease and all wore soft contact lenses 
for refractive error correction. Vision 
was also decreased to a mean of 20/78 
(r:20/30 to 20/250) in all eyes. Fifteen 
eyes (83 percent) had photophobia, 
pain or both. Findings leading to diag-
nosis included whorl-like epitheliopa-
thy, corneal conjunctivalization and 
late fluorescein staining of involved 
epithelium for at least six clock hours. 
On average, 10 clock hours (r:six to 12 
clock hours) were involved; 11 eyes 
(61 percent) had total ocular involve-
ment. Conservative treatments failed 
in all eyes; 14 eyes (78 percent) under-
went limbal stem cell transplantation 
with systemic immunosuppression. 

Am J Ophthalmol 2013;155:544-
549.
Chan A, Holland E.

Ranibizumab for Edema of the 
Macula in Diabetes Study

Researchers from the Wilmer Eye 
Institute assessed the benefit of 

increased follow-up and treatment 
with ranibizumab in the third year 
of treatment in the Ranibizumab for 
Edema of the Macula in Diabetes 
Study, concluding that more aggres-
sive treatment with ranibizumab 
resulted in a reduction of mean fo-
veal thickness (FTH, center subfi eld 
thickness) and an improvement in 
best-corrected visual acuity. 

Seventy-four patients (ranibizu-

mab, n=28; laser, n=22; ranibizumab 
with laser, n=24) returned monthly 
between months 24 and 36 of this 
randomized clinical trial. Patients 
whose FTH was 250 µm or greater 
received ranibizumab 0.5 mg. Main 
outcome measures were improve-
ment in BCVA and reduction in FTH 
between months 24 and 36.

Mean improvement from base-
line BCVA in the ranibizumab group 
was 10.3 letters at month 36 vs. 7.2 
letters at month 24 (ΔBCVA let-
ters=3.1, p=0.009); FTH at month 36 
was 282 µm vs. 352 µm at month 24 
(ΔFTH=70 µm, p=0.006). Changes 
in BCVA and FTH in the laser group 
(-1.6 letters and -36 µm) and the ra-
nibizumab with laser group (+2.0 let-
ters and -24 µm) were not statistically 
signifi cant. The mean number of ra-
nibizumab injections was greater in 
the ranibizumab group than the laser 
group (5.4 vs. 2.3 injections, p=0.008) 
but not compared with the ranibi-
zumab with laser group (2.2, p=0.11).

JAMA Ophthalmol 2013;131:2:139-
145.
Do D, Nguyen Q, Khwaja A, Channa R, et al.

Repeatability and 
Reproducibility of Tonometers

A study from the Hamilton Glau-
coma Center at the University of 

California, San Diego evaluated the 
repeatability and interoperator re-
producibility of the Pascal dynamic 
contour tonometry, ocular response 
analyzer and Goldmann applanation 
tonometer in a single population of 
normal individuals. Overall, the DCT 
was signifi cantly more repeatable and 
reproducible than GAT, Goldmann-
correlated intraocular pressure and 
corneal corrected IOP. The better 
reproducibility of the DCT may result 
in more precise measurements for 
monitoring IOP changes over time 
compared to GAT and ORA.

The study included 52 eyes from 
26 normal individuals. The mean 
age of included participants was 31.5 

±8.8 years; 15 (58 percent) were 
female. One operator measured 
IOP with each tonometer three 
times, while two additional operators 
each measured IOP with each 
tonometer once. Repeatability and 
reproducibility were assessed by the 
coeffi cient of variation and intraclass 
correlation coefficient. Agreement 
among tonometers was also assessed 
using Bland-Altman plots.

In general, both intraoperator re-
peatability and interoperator repro-
ducibility were signifi cantly higher for 
DCT compared to the other tonom-
eters. Intraoperator DCT (CV=3.7, 
ICC=0.89); GAT (CV=9.7, ICC=0.79); 
IOPg (CV=7.0, ICC=0.79); IOPcc 
(CV=9.8, ICC=0.57). Interop-
erator DCT (CV=6.1, ICC=0.73); 
GAT (CV=9.0. ICC=-0.82); IOPg 
(CV=10.8,  ICC=0.63) ;  IOPcc 
(CV=11.7, ICC=0.49).

J Glaucoma 2013;22:127-132.
Wang A, Alencar L, Weinreb R, Tafreshi A, Deokule S, et al.

Ocriplasmin in Pediatric 
Vitreoretinal Surgery

A literature review of laboratory 
and clinical evidence for the use 

of autologous plasmin enzyme as an 
adjunct to vitrectomy and recombi-
nant microplasmin (ocriplasmin) as 
monotherapy for focal vitreomacular 
traction in adults suggests ocriplas-
min may be used as a surgical adjunct 
to vitrectomy in pediatric vitreoreti-
nopathies. 

Autologous plasmin enzyme is cur-
rently used as a surgical adjunct to 
vitrectomy, with supporting Levels 2 
and 3 published evidence in a range of 
pediatric vitreoretinopathies, includ-
ing Stage 5 retinopathy of prematurity 
and congenital X-linked retinoschi-
sis. In recent Phase III clinical trials, 
intravitreal ocriplasmin vs. sham in-
jection resulted in resolution of focal 
vitreomacular traction in 27 percent 
vs. 10 percent (p<0.001, n=652). 

Retina 2013;33:339-348.
Wong S, Capone A.

Aggressive treatment with ranibizumab 
improves the best-corrected visual acuity 
in eyes with diabetic macular edema.
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Optos received 510(k) clearance from 
the Food and Drug Administra-

tion for microperimetry as part of the 
Optos OCT SLO. Microperimetry 
assesses retinal sensitivity providing 
a precise correlation between struc-
tural pathology and corresponding 
visual functional defects, Optos re-
ports. This data provides more clini-
cal information to support the evalu-
ation of patients’ vision. 

Optos says its OCT SLO is the 
only device on the market that can 
conduct structural OCT and func-
tional microperimetry testing. This 
combination makes it easier for eye-
care professionals to effectively as-
sess treatment results. The micro-
perimetry test runs in conjunction 
with a high-speed confocal scanning 
laser ophthalmoscope and provides 
real-time tracking of the retinal ves-
sels, resulting in faster perimetry test 
times and more accurate change over 
time assessments, compared with 
standard perimetry. 

With today’s new treatments for 
retinal disease, eye-care profession-
als require additional tools to effec-
tively monitor the results of treat-
ments. Microperimetry provides the 
ability to test and quantifi ably moni-
tor changes of the patient’s retinal 
function in a selected location on the 
retina over time. 

For more information, visit optos.
com.

Conversion Kits Improve Slit 
Lamp Illumination

Haag-Streit USA’s new conversion 
kits bring LED illumination to 

existing tungsten BM 900 and BQ 
900 slit lamps. LED lasts approxi-
mately 35,000 hours—150 times lon-
ger than a tungsten bulb. They don’t 
emit radiation or produce any heat, 
giving patients a more comfortable 
exam.

The new LED conversion features 
a light spectrum that illuminates min-
ute details in the anterior chamber, 
cornea and lens. The improved view 
also assists with depth perception, 
whether it’s evaluating the depth of a 
foreign object in the eye or analyzing 
anterior chamber depth.

Retrofitted slit lamps deliver ex-
tremely bright and homogenous 
lighting, the company says. The LED 
conversion includes built-in back-
ground illumination for imaging-
ready slit lamps and eliminates the 
need for any additional external light 
sources or long fi ber optics. Controls 
for both the LED illumination and 
background illumination are located 
on the table top.

Conversion kits are available for 
Haag-Streit slit lamp models with a 
single control joystick. To upgrade 
your slit lamp, call 1 (800) 787-5426 
or e-mail ledupgrade@haag-streit-
usa.com. For more information, visit 
haag-streit-usa.com.

Optovue iVue Normative
Database Cleared by FDA

Optovue has received FDA 510(k) 
clearance of its Normative Data-

base for the iVue spectral-domain opti-
cal coherence tomography system. The 
Normative Database provides analysis 
information to be used as a clinical 
reference to aid in the diagnosis and 
management of ocular health and dis-
ease. Optovue says the addition of 
this diagnostic tool enhances iVue’s 
comprehensive suite of clinical ap-
plications for retina, optic disc and an-
terior segment. The iVue Normative 
Database provides quantitative com-
parisons of the retina, retinal nerve 
fi ber layer, ganglion cell complex and 
optic disc measurements to aid the 
practitioner in the evaluation of vari-
ous ocular pathologies.

After scans are captured, the nor-
mative comparison analysis adjusts 
for the patient’s age, optic disc size 
(for optic nerve head scans only), 
and scan signal strength, a feature 
that is unique to Optovue. Symme-
try and change analyses combined 
with normative comparisons support 
confi dent patient evaluation and man-
agement. The Normative Database is 
included with any iVue SD-OCT sys-
tem purchase and a new software up-
date will be provided free-of-charge 
to all current iVue owners of record. 
This update was expected to be made 
available in early March. For more 

FDA Clears Optos OCT
For Microperimetry
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information, visit optovue.com. 

Ocusoft Upgrades & Redesigns Website

Ocusoft announced the launch of its newly redesigned 
website. The new website showcases the company’s 

central focus on eye care, as well as its expansion into the 
dermatology and pediatric markets.

Along with a fresh new look, the new website has a 
more user-friendly interface, improved navigation func-
tions, simple search options and a secure online shopping 
cart for quick and easy purchasing. It also includes helpful 
information on various eye and skin-related medical con-
ditions for patients.

To view the new website, visit ocusoft.com.
 

Vmax Vision Launches New Website and
Eight New Training Videos 

Vmax Vision, the manufacturer of the PSF Refractor 
has launched a new website and eight training videos. 

The new site (vmaxvision.com) provides resources aimed 
at guiding new and profi cient users as well as patients 
along their experience with the Vmax products: the PSF 
Refractor and the Encepsion lenses. 

The website includes sections explaining the prin-
ciples behind this technology in subjective refraction; the 
unique features of the PSF Refractor, such as the fi rst true 
night-vision correction and the opportunity to deliver the 
most refi ned prescription available through its Encepsion 
lenses. The gateway for Eye Care Professionals through 
its Client and Clinical resources provides guidance on 
how to achieve more accurate and reliable refraction re-
sults, maximize offi ce effi ciencies while relieving physical 
stress, and deliver the best vision possible with the PSF 
Refractor and the digitally personalized Encepsion lenses.  
There are also patient-specifi c pages aimed at showing 
patients how they can improve and maximize their vision 
by taking a full advantage of the benefi ts of today’s vision 
technology advancements. 

The eight training videos include topics such as an in-
troduction to Vmax Vision and the PSF Refractor; basic 
refraction; how to avoid over-minusing and accommoda-
tion; nighttime refraction; how to fi nd an add power; and 
others.

With the help of these videos, alongside the user manu-
al that Vmax provides to each of its new users, a technician 
can become fully trained in days, which is signifi cantly less 
time compared to the six-month formal education period 
required to become fully profi cient in using a phoropter. 

The PSF Refractor measures a patient’s subjective vi-
sual response to a point source, enabling a highly precise 
refraction to 0.05 D—fi ve times more precise than the 
traditional phoropter.  
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Merchandise Offered

Do you have Products
and Services for sale?

CONTACT US TODAY 
FOR CLASSIFIED ADVERTISING

Toll free: 888-498-1460
E-mail: sales@kerhgroup.com

 Equipment and Supplies

PRE-OWNED OPHTHALMIC EQUIPMENT
Buying and Selling

Pre-Owned Ophthalmic Instrumentation.
Contact Jody Myers at

(800) 336-0410
Fax: 863-666-1311

E-mail: EyesinFL@aol.com
To view current inventory,
Visit www.floridaeye.com
FLORIDA EYE EQUIPMENT

Since 1989

O
D
-1
11

20
2

A ROD DISPLAY SYSTEM 
DESIGNED TO SELL FRAMES, 
NOT JUST STORE THEM...

System includes 18 
interchangeable 
components

Multiple frame holder 
options - locking/ 
non-locking/ rotating

Allows you to
merchandise by 
Brands, Lifestyles & 
Price Points

TM

For classified advertising 
call 1-888-498-1460

or e-mail us at sales@kerhgroup.com
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 REVIEW Classifi eds

  Equipment and Supplies  Products and Services

P.M. MEDICAL BILLING
AND CONSULTING

SPECIALIZING IN OPHTHALMOLOGY
BILLING & CONSULTING

 National, full service billing to ophthalmologists
 Maximum reimbursement is guaranteed
 Staff consists of Ophthalmic techs, expert 
coders & billers

 Increased revenue/low denial rate/complete 
& unrelenting follow up

We specialize in old, outstanding AR,
 Practice Management & Credentialing

Contact us at:
pmmedbill@aol.com
or call us toll-free at:

1-888-PM-BILLING
for a free in-office consultation

WWW.PMOPHTHALMOLOGYBILLING.COM  

 Practice For Sale

www.practiceconsultants.com

PRACTICES FOR SALE
NATIONWIDE

Visit us on the Web or call us to learn
more about our company and the 

practices we have available.

info@practiceconsultants.com

800-576-6935

 Professional Opportunities

Georgia Center for Sight is seeking a board
certified/board eligible ophthalmologist to join
our busy, one M.D. and two O.D. practices, located
in Athens, Georgia. Athens is home to the
University of Georgia and located within a short
drive to the beautiful Blue Ridge Mountains. If you
prefer the ocean, the Atlantic is just four hours
away.

Georgia Center for Sight is a well-established,
busy comprehensive ophthalmology practice that
houses a fully accredited Ambulatory Surgery
Center. We recently adopted LenSx laser technology
for cataract removal. There are also three satellite
offices in Lake Oconee, Lavonia and Elberton,
Georgia. We have a strong working relationship
with our local optometry community.

If you are interested in finding out more
information about this position, please give us
a call at 706-546-9290 or 800-287-2519 and
ask for Betty.

Wisconsin
The Eye Clinic of Racine is seeking an additional
board certified or eligible surgical Ophthalmologist.
Start date is anytime between now and July 2014. 

We are currently a one location practice with 2
Ophthalmologists and one Optometrist, We have
12 lanes with Argon, YAG, IOL-master, OCT, etc.
Subspecialty welcome, if willing to do some general.
This is a partnership track position with outstanding
financial potential.

Racine is a great place to live, right on Lake
Michigan, with easy access to outdoor recreation,
between Chicago and Milwaukee. Our ideal candidate
will become involved in the local community.

Interested candidate please email:
Lawrence.platt@gmail.com 
or call Kate 262.637.9615

Expert Services for:
Buying or Selling a Practice
Practice Appraisal
Practice Financing
Partner Buy-in or Buy-out

PRACTICE SALES 
& APPRAISAL

Call for a Free Consultation
(800) 416-2055

www.TransitionConsultants.com

CONTACT US TODAY 
FOR CLASSIFIED ADVERTISING

Toll free: 888-498-1460
E-mail: sales@kerhgroup.com

Do you have Equipment and Supplies to Offer?
CLASSIFIED ADVERTISING WORKS

Contact us today for classified advertising:
Toll free: 888-498-1460  E-mail: sales@kerhgroup.com

ROPH0413.indd   115 3/11/13   9:17 PM114_ro0413_classifieds.indd   115114_ro0413_classifieds.indd   115 3/22/13   12:43 PM3/22/13   12:43 PM



116 | Review of Ophthalmology | April 2013

R
E

V
IE

W
Resident Case Series

Before reading on, please see p. 118 for presenting complaint, history and examination.

Diagnosis, Workup and Treatment

This patient presented with a several-week history of pal-
inopsia, a homonymous right-sided visual fi eld defect, and 
several days of headache. Differential diagnosis included 
a structural brain lesion such as a malignancy, stroke, mi-
graine, seizure, and less likely, a demyelinating disease or 
medication effect. 

An MRI of the brain 
with contrast demonstrated 
multiple peripherally en-
hancing irregular cystic 
masses and two small nod-
ular enhancing masses in 
the left occipital lobe (See 
Figures 1 & 2). The largest 
mass measured 2.5 x 4.2 x 
2.2 cm in maximum dimen-
sion. There was associated 
edema but no midline shift. 
Findings were most consis-

tent with a high-grade neoplasm. CT scan of the chest, ab-
domen and pelvis showed no evidence of metastatic disease. 

Neurosurgery was consulted, and two weeks later the 
patient underwent left-sided craniotomy with tumor re-
section. Intraoperative frozen sections were consistent 
with malignant glioma. The fi nal pathology report of 

the mass was glioblastoma 
WHO grade IV. Postop-
erative brain MRI demon-
strated signal abnormality 
surrounding the resection 
cavity suggestive of infil-
trating tumor or treatment-
related changes. The pa-
tient was seen by Radiation 
Oncology and Oncology 
with plans to undergo con-
current chemoradiation 
with Temozolomide. 

Discussion

Palinopsia is derived from the Greek word “palin” 
meaning again and “opsia” meaning seeing. It results 
from abnormal processing in the visual system in which 
visual images persist or recur after the exciting visual 
stimulus has been removed.1 The physiologic cause of 
this phenomenon is not well-understood but it is be-
lieved to originate in the non-dominant, typically right-
sided, occipitotemporal cortex.2 Potential mechanisms 
that have been suggested include release of inhibitory 
neural input leading to pathological enhancement of 
physiologic afterimages, epileptic activity, cerebral hy-
perperfusion adjacent to areas of ischemia, and release 
hallucination in cases of visual loss.3,4 The afterimages 
of palinopsia are of cerebral origin and are distinct from 
normal physiologic afterimages of retinal origin. Pal-
inopsia involves images that are “positive” or the same 
color as the exciting stimulus, whereas physiologic af-
terimages are typically “negative” or with inverted color. 
Palinoptic afterimages are induced by fainter stimuli and 
are longer-lasting than physiologic afterimages.5

A detailed medication history should be obtained 
from a patient presenting with palinopsia, as a number 
of medications including topiramate,6 trazodone,7 ne-

fazodone,4 risperidone,4 mirtazapine,4 clomiphene8 and 
interleukin-29 have been implicated as causes. Illicit 
drugs including marijuana, MDMA, phencyclidine and 
LSD may also cause this visual disturbance.4,10,11 Our pa-
tient was not using any of the medications or illicit drugs 
known to cause palinopsia. 

Palinopsia has also been reported with a wide range of 
etiologies including arteriovenous malformation, stroke, 
migraine, multiple sclerosis, epilepsy, trauma, infection, 
nonketotic hyperglycemia and schizophrenia.11 Malig-
nancies such as lymphoma and glioma may also pres-
ent with palinopsia, as in our patient.3,4,11 Patients with 
malignant gliomas may present with palinopsia in the 
absence of other neurologic signs.4,12 Although structural 
lesions in the occipitotemporal cortex causing palinopsia 
would be expected to be associated with homonymous 
hemianopic fi eld defects, there are reports in the lit-
erature of patients presenting with normal automated 
perimetry and normal fi elds by confrontation who did 
have structural lesions.  For this reason the physician 
should have a low threshold for imaging in patients with 
palinospia, even with normal visual fi elds. 

Palinopsia is a rare and transient phenomenon. 
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Resident Case Series

Figures 1 & 2. Axial and sagittal MRI demonstrating enhancing mass 
in left occipital lobe.
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Patients may not report this symptom 
unless it persists and the physician may not 
appreciate its importance, especially in the 
presence of a normal exam. Palinopsia is a 
visual complaint and therefore patients are 
likely to seek treatment from their eye-care 
provider fi rst. Ophthalmologists should be 
aware of palinopsia as it can potentially sig-
nal the presence of life-threatening intra-
cranial pathology.  

The author would like to thank 
Mark Moster, MD, and Timothy V. 
Johnson, MD, for their assistance with 
the preparation of this case. 
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The afterimages of 
palinopsia are of 

cerebral origin and are 
distinct from normal 

physiologic afterimages 
of retinal origin.
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Edited by Matthew Dykhuizen, MD

What is your differential diagnosis? What further workup would you pursue? Please turn to p. 116

Presentation

A 79-year-old Caucasian male presented to the Wills Eye Emergency Room with the complaint of seeing “afterim-
ages.” These visual disturbances began approximately three weeks prior to presentation. The afterimages persisted for 
at least a minute and occasionally for several minutes after he stopped looking at an object of regard. The afterimages 
were the same color as the original object, very realistic and located in the right visual fi eld. Initially he had attributed 
his symptoms to a new pair of glasses he had obtained six weeks prior, but his symptoms persisted despite a repeat 
refraction.

As an example, he described looking at a red stoplight and seeing an image of the stoplight for a long time after the 
light had already turned green and he had driven through multiple subsequent intersections. He described a similar 
phenomenon after looking at a statue of a cherub in his garden. He denied active occurrence of afterimages during 
his evaluation in the Wills ER.

The visual symptoms were associated with a moderate to severe headache, which started fi ve days prior to presen-
tation. The headache was described as pressure in the occipital region with no identifi able exacerbating or relieving 
factors. He denied any history of headaches or other neurologic symptoms including weakness, numbness, diffi culty 
speaking or swallowing or balance issues. 

Medical History

Past medical history was signifi cant for prostate cancer treated by prostatectomy 15 years prior, hypertension, hyper-
cholesterolemia and gastroesophageal refl ux disease. Current medications included an angiotensin receptor blocker 
for blood pressure and a statin for hyperlipidemia. He was a nonsmoker and had no known drug allergies.

Examination

Best corrected visual acuity was 20/25 in the right eye and 20/20 in the left eye. Extraocular motility was full, and the 
patient was orthophoric. Pupils were normal with no relative afferent pupillary defect. There was a right homonymous 
inferior quadrantanopia noted on confrontational visual fi eld testing. Intraocular pressure was 17 mmHg in both eyes 
by Goldmann applanation tonometry. His anterior and funduscopic examinations were unremarkable.

Margaret Greven, MD

An elderly patient complains of recent onset of disturbing 
afterimages along with a moderate to severe headache.
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