The Boston Ocular Surface Prosthesis for Keratoconus

Perry Rosenthal, M.D.*

If you have keratoconus, depend on contact lenses for functional vision and can only tolerate them for limited periods,
or not at all, this article is written for you.

| have keratoconus. Why is my vision poor and what can | do to improve it? Our cornea, the living transparent tissue

that forms the front part of our eyes, is an amazingly complicated structure. L i A & 2dzNJ S&@8SQa Yz2ai

To work well, its outer surface must be mirror-smooth and properly shaped. When this surface is distorted even slightly
by keratoconus, eyesight suffers. Glasses can help only in mild cases. Beyond that, vision can only be improved by hard
contact lenses and surgery, such as corneal transplantation, and in some mild cases, corneal implants. Because corneal
transplant surgery has serious risks that can have life-long consequences, surgeons do not consider this option unless
contact lenses fail. The Boston Scleral Lens represents an additional non-surgical option when traditional contact lenses
are poorly tolerated.

How do contact lenses improve vision in keratoconus? Hard contact lenses improve sight by covering the surface
irregularities of your diseased cornea with their own much better optical surface. (Soft contact lenses, in contrast, bend

to the distorted shapes of the cornea and are not helpful, except in mild cases).

Are hard contact lenses for everyone? These lenses are designed to rest on and slide over the surface of the cornea
with each blink. Yet, just below this surface lies the densest network of nerves in the human body! Fitting a hard plastic

disc to rest on and slide over the exquisitely sensitive cornea without triggering severe pain and photosensitivity is
especially challenging when it is diseased and distorted. In many such cases it is impossible.

My contact lenses are painful to wear. Can they be made to fit more comfortably? The most comfortable hard contact
lens is one that is held in place by the upper lid and glides over the surface of the cornea with each blink. In keratoconus,

the shape of the distorted cornea often locks the lens in a low position where it can be painful to wear and compromises
vision. In that case, the only way of getting it to center better is to design it to rock over the top of the cone. (See picture
I). However, this can erode the surface of the cornea and even lead to permanent scarring. Finding the proper balance
between corneal compression and positional stability is skill-intensive and time-consuming. Even the best fitting contact
lenses may not be comfortable. Practitioners who specialize in fitting challenging eyes like keratoconus are not attracted
by financial reward. Insurance companies pay but a pittance for this procedure. These doctors are to be saluted.
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Why not have corneal transplant surgeryandd | @ a D22 R NARRIFYDSE (2 O2y il O
Almost half the eyes that have had transplant surgery need contact lenses to have vision good enoughtopl a a |

test. Fitting these eyes is often impossible. Moreover, this procedure has potentially dangerous complications such a
life-long risk of rejection. This risk is even greater in young people. Also, corneal transplants have a limited lifespan. In
one recent study, 45% (almost half) of the transplants failed and required repeat surgery by 15 years. Each time a
transplant is re-done, the risk of complications increase. For these reasons, most patients prefer to struggle with their
contact lenses if they can wear them well enough to get through the most important part of their day. However, for
some, even limited wearing is impossible. Today, the Boston Ocular Surface Prosthesis (formerly known as the Boston
Scleral Lens Prosthesis) offers these patients a much more comfortable and better tolerated alternative to traditional
rigid contact lenses and the probability of avoiding surgery.

What is different about the Boston Ocular Surface Prosthesis (OSP)? Its most important advantage is that it never
touches the cornea. Instead, the Boston OSP rests entirely on the more robust and much less sensitive sclera (the white
tissue that surrounds your corneas). Because it avoids any contact with the cornea, its wearing comfort is not affected
by its shape, no matter how badly distorted. Picture 2 illustrates a second important advantage of this device: it bathes
the cornea in a pool of artificial tears. These are the reasons why they are so remarkably comfortable despite their size.
Moreover, the Boston OSP is always secure when you blink or even suddenly look skyward, and vision always remains
perfectly stable. Even Rdz&a (4  LJ- NI A Of S awhé&Henfydd live iF theBSdhata DekayftiarSidd YarkiCity!
Moreover, dry eye is not a problem. In fact, this prosthetic device is dramatically effective in treating severe dry eyes
when all other measures fail.
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How long have scleral lenses been around? Scleral lenses were the first contact lenses ever fitted. But their debut was
a disaster because, unknown at that time, they blocked the cornel & Q 2 Epplyd ftefally@asphyxiating them.
However, the development of highly oxygen permeable hard contact lens plastics opened the door to exploiting their
considerable benefits.

2 K& FNBY Qi Y2 NB-peRRdbIE 2ldvdiilendes? Th Biggest challenge to fitting scleral lenses today is

avoiding their tendency to become suctioned to the eye. This occurs when the pool of artificial tears under the lens

becomes sealed, turning the lens into a one-way pump. On the other hand, if the scleral lens is not sealed well enough,

air bubbles can be drawn under the lens and trapped in the line of vision. Therefore the shape of the lens surface that
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rests on the eye (sclera) is critical. It should avoid compressing the eye tissue which causes redness and wearing
discomfort. (Although the sclera is far less sensitive than the cornea, excessive pressure on this tissue will cause aching
pain and eye redness.) On the other hand, it must be shaped to block the transit of air bubbles. The bottom line is this:
scleral lenses are challenging to fit aredjuirea great deal of time and experience to do it rightictitioners interested
in fitting them face the prospect of a long learning curve of a labor-intensive and costly procedure that is often
inadequately reimbursed.

How does the Boston OSP solve the scleral compression challenge? ¢ 2 R @ Q& O2y Gl OG f SyasSa
plastic by computer-controlled (CNC) lathes. This technology has greatly expanded the horizons of contact lens designs.

However, it requires that each lens be described by a mathematical model. It turns out that the traditional model for
shaping contact lens surfaces causes unavoidable, excessive scleral compression in many eyes. So we looked for a
different approach and found the solution in the new, highly specialized field of mathematics called spline functions
Using splines can be likened to drawing perfectly smooth shapes freehand instead of connecting a series of unbendable
circles. (The innovativeness of this method was acknowledged in a patent issued by the U.S. Patent Office.) But, using
the splines was another matter and it took us 17 years to develop our unique design/manufacturing computer program
based on splines. Today, each Boston OSP is profiled on a computer screen, its spline surfaces are adjusted for each
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limited only by our state-of-the-art, customized Precitech Nanaform-200 lathe. (Its cost exceeding $600,000 is one
reason why we are nonprofit.) Because we control the shape of every possible part of the prosthesis, an achievement
that sets a new standard for customization, more than 95% of eyes fitted with the Boston OSP can wear them
comfortably 12 hours or more. This is especially striking since most had been intolerant of contact lenses. Moreover, this
technology allows us to make them thinner which further enhances its wearing comfort and unobtrusiveness.

What does all this mean in plain English? Our ability to customize the design of the Boston OSP to the unique features
of each eye enables us to provide all day wearing comfort to well over 95% of keratoconus patients who are intolerant

of traditional contact lenses and would otherwise face the risks of corneal transplant surgery.

How does its vision compare with that of traditional hard contact lenses? Because our device centers so well and

R2SayQi Y2@S G |t 2 ¥prdviledigkypidaly superiod Kovevdf, tzb ohiiwiaydof 2 T OA & A

determining this is to measure eyesight through a diagnostic device. Moreover, we are collaborating with the Center for
Visual Science at the University of Rochester to develop technology for improving vision still further.

Does the presence of a scar on my cornea mean that | need surgery? Fortunately, the scars of keratoconus are almost
always off-center, even when they encroach on the pupil. We have found that even dense scars are not necessarily an

obstacle to satisfactory eyesight. For example, those caused by hydrops can in many cases improve vision through a
scleral lens. (Hydrops is a complication of keratoconus that occurs when the stretched back surface membrane of the
cornea tears spontaneously and leaks fluid into the cornea, leaving a scar when it heals.)

What are the disadvantages of the Boston OSP? The custom fitting process is time-consuming, skill-intensive and
costly. An average of five full days (sometimes longer) is required. During this time we may make and evaluate several

lenses for each eye in order to achieve the best possible fit. (The devices are made in our facility and you can watch
yours being fabricated.)You will also spend part of your time being trained in the insertion and removal techniques, a
more awkward and time-consuming procedure than those of conventional contact lenses.

How much does the Boston OSP cost? The fitting fee (exclusive of the initial consultation) is $7,600 for two eyes and
$5,000 for one eye. As the only FDA-approved scleral lens, more than half the health insurance companies cover this

procedure. We appeal every case that is denied. These global fees cover the fitting procedure, all the devices needed to
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achieve the optimal fit and all office visits for a period of six months. Althoughthe ¥ S S & cdee? qﬁ@uﬁsts when all

are factored in, as a 501(c)3 nonprofit we provide free and subsidized care to financially-challenged patients through
tax deductible donations. No one is ever turned away because of inability to pay. Also, the nonprofit Hospitality Homes
can arrange for you to stay in a private volunteer home at no charge and we can connect you with Angel Flightsvhich
offers free air travel for qualified patients. To top it off, we have a kitchen where you can avail yourself of breakfast and
lunch without cost. (We only ask that you put the dirty dishes into the sink.)

How long does the Boston OSP last and how much does it cost to replace one? The devices can last 5 or more years if
properly cared for. The cost to replace each device after the fitting period is $600 plus the fee for the visits, if any were

needed. Refitting after several years is occasionally required when disease changes the shape of the cornea or surface of
the sclera.

How do | know if | am a candidate? These are the requirements for the consultation appointment: 1) you must be
dependent on hard contact lenses for functional vision, 2) your wearing tolerance of contact lenses must be significantly

limited and 3) you must have a doctor referral. We will proceed with the fitting process only if a trial during the
consultation examination is favorable.

How do | arrange for a consultation/fitting appointment? First we need a narrative summary of your condition from
your eye doctor whom we will contact if more information is required. This will enable us to better judge our ability to

help you and establish a professional relationship with your eye care practitioner for your after-care.

Do | have to come to your clinic for the fitting? We have already established affiliated clinics in India and Japan. In the
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institutions, will become the first of a network of satellite clinics in the U.S. in 2008.

2 Ke Ol voi Ye 2¢6y GSR20nkéepidg With dur nisfo8, we réhydirél afl olr affiliated centers to
provide free care for qualified patients. This would subject doctors in private practice to an unfair financial burden.

Added to that is the mandatory intensive three month hands-on fellowship training program in our clinic. Although
course and lodging are supported by a Gift of Sighgrant from Johnson & Johnson, the costs of travel, food and lack of
revenue during this time represents a significant sacrifice. These are the reasons why we limit satellite clinics to
nonprofit tertiary eye care centers.

How can | get more information? Visit our website: www. bostonsight.orger call 781.726.7337 and ask to speak to our
New Patient Coordinator. We, also, will gladly accept tax-deductible donations for our free care fund!

*Dr. Rosenthal is President and Founder of the nonprofit Boston Founfiati®ight and assistant clinical professor of
ophthalmology, Harvard Medical School. As a salaried employee of the foundation he has no proprietary interest in the
Boston Scleral Lens.



