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The future of wavefront
refraction as a diagnostic tool

Definitions and concepts
Marguerite B. McDonald, MD:
Let’s start by defining wavefront
refractions.

Jack T. Holladay, MID: Wave-
front refraction is what I like to call
spatial refraction, or knowing the
refraction at every point on the -
cornea. For clinicians, it is impor-
tant to understand that with wave-
front, we can look at the refraction
of the whole eye just like we look
at a cornea’s refractive topography
map.

Stephen D. Kiyce, PhD: In the
past, we've measured the aberra-
tions of the corneal surface using
corneal topography devices and
now we can measure the topogra-
phy of the whole eye.

Holladay: Wavefront is just like a
drop.6f water. You drop a pebble in
the water and a circular ring goes
out. Wavefront is exactly like that
except rather than a drop in the
water, you usually have a vibrating
filament.

So, you have spheres originat-
ing from a point of light that get
larger and larger as they propagate
through space.

Klyce: Another way people have
described wavefronts is the optical
path of light rays through a lens
system. If the optical path lengths
are uniform over the pupil of the
eye, then there would be no aberra-
tion of the wavefront, and we get
into the possibility of supernormal
vision.

Noel A. Alpins, MD: I like to
explain the wavefront refraction as
a refractive map relating only to
the optical component of the eye’s
refraction. In general terms, a refac-
tion relates to a wavefront refrac-
tive map in a similar way that ker-
atometry relates to a topographic
map.

Ronald R. Krueger, MD: Kera-
tometry was traditionally used to
understand the cornea’s curvature.
Corneal topography came along
and gave us a whole new dimen-
sion. I believe that wavefront
refraction will give us another
dimension of what can be deter-
mined with subjective or objective
refraction.

McDonald: What methods and
technologies are being investigated
for generating wavefront refrac-
tions?

' Keith P. Thompson, MD: Well,

our system has been around for a
while. We call it the spatially
resolved refractometer and we pub-
lished it in Applied Optics in 1982.
We bring in one channel of light
and align that on the center of the
pupil or the optical axis. We simply
measure the refraction completely
through the eye’s optical system,
spatially resolved at that one partic-
ular point. That's zeroed out by the
patient by aligning a test dot in
cross hairs, then we measure the
angle at the point that is necessary
to bring it to the fovea, and then
we take 30, 40, 50 measurement

- points. It takes 3 or 4 minutes per

test.

Krueger: There are a number of
technologies being investigated.
Hartmann-Shack uses a single, very
thin laser beam going into the eye
and reflecting off the retina, The
rays that are reflected back out of
the eye, go through the entire
optics of the eye and define the
wavefront pattern. You can charac-
terize a Hartmann-Shack technique
as an outgoing wavefront pattern.

The Tscherning aberrometer
presents an entire grid of laser
spots, which go in, bend through
the various optical elements, and
ultimately are imaged on the reti-
na. Then, through a very small
aperture, you can capture that reti-
nal image and define it. It can be
characterized as more of an “ingo-
ing optics” pattern of the wave-
front.

Tracey is also ingoing optics,
but rather than projecting an entire
grid of laser spots, it's projecting
individual laser spots at different
orientations and angles of entry in
very rapid succession, such that
you can get almost an entire pat-
tern within milliseconds. The rela-
tionships of those spots as they are
projected and captured on the reti-
na are put together to build the
wavefront pattern.

I know that Tscherning is the
type Wavelight, Schwind, and
Technomed have been working
with. Hartmann-Shack is the style

|
that Autonomous, Visx, and Bausch

. & Lomb have been working with,

and Tracey is a separate entity.

‘McDonald: What are the pluses

and minuses of each?

Thompsom: Our technique takes 3
to 4 minutes and it’s patient-depen-
dent; you get the patient involved.

 All the autorefractometer problems

— being totally objective and
bypassing the patient — are avoid-
ed. ;

Krmeger: With the Tscherning
aberrometer, looking at my own
eye, I can see the grid pattern on
my retina; [ can see how distorted
it is. And if I accommodate, I can
watch the grid pattern of laser spots
change to define the level of ac-
commodation and how it’s chang-
ing the optics of my eye.

I think that thé Hartmann-
Shack also works well, as the-
patient can fixate on the incoming
laser beam, which reflects off the
fovea to define the wavefront pat-
tern as it’s coming out of the eye.

Wavefront refractions without
customized lasers

McDonald: Without a customized
ablation laser, how valuable are
these refractions? Will they really
be a diagnostic tool for refractive
surgeons?

Thonepsomn: I think that's a really
the big issue. We've had autorefrac-
tors for 2 or 3 decades, perhaps
longer. How many of us prescribe
or make refractive surgical decisions
based on our autorefractometers?
Very few. Because we have to get
the patient involved in the process.
So, I think the answer is going
to be determined by our clinical
experience. In other words, how do
these devices help us make better
therapeutic decisions? And we hon-
estly don't know the answer yet.

John F. Doane, MID: Am I ready
to throw away subjective, manual,
manifest, or autorefraction? Ab-
solutely not. As far as the utility of
wavefront refractions, right now,
they give us more knowledge. As
with anything, more knowledge is
more pOWer.

Klyce: What's missing from refrac-
tions is all the information about
the eye's irregular astigmatisms. It
is this kind of spatial refractometry
that will give us a feeling for the
amount and extent of irregular
astigmatism in the whole eye, not
just on the cormneal surface. This, [
think, should feed into the deci-
sions that refractive surgeons make
in terms of treatment.

Krueger: Absolutely, subjective
refraction or even retinoscopy in an
irregular cornea doesn’t always give



us the best spherocylindrical refrac-
tion. Because the irregularity limits
the best-corrected visual acuity, all
bets are off on the true magnitudes
and orientation of sphere and
cylinder. Wavefront refraction actu-
ally breaks down all the compo-
nents of the irregularity to give you
the true refractive error as well as
the higher order refractive aberra-
tions. As an example, conventional
laser retreatment on an eye that
doesn’t refract to 20/20 may be way
off target, and would be tested with
wavefront refraction first.

Thompson: Certainly, if the eye
has lots of aberrations, you don't
have to go any further down the
neurological pathway to find the
problem.

McDonald: Even without a cus-
tomizing laser, this is just good
feedback. We can use these stand-
alone diagnostic tools to tell us
whether we're getting better or
worse as we modify algorithms and
change our surgical techniques.

Alpins: Wavefront refraction is
more like an autorefractor measure-
ment in that it really takes no
account of the patient’s conscious
control of preferred astigmatism
magnitude and orientation. It does-
n't deal at all with the non-optical
components of astigmatism.

Holladay: I look at the wavefront
from a diagnostic measurement, in
terms of giving me information
about how I've done. There is noth-
ing comparable to that now. I think
using this for our measurements
has raised the bar for us to really
evaluate our outcomes objectively.

Alpins: I consider it a very useful
tool for charting refractive anom-
alies within the eye, such as might
be contained within the crystalline
lens. It's useful for the determina-
tion of the most effective aspheric
profile necessary in the refractive
treatment of any eye to avoid an
excessively oblate cornea.

Doame: I think we have to under-
stand what the patient’s corneal,
retinal, and occipital acuity is going
to be.

I think we have to go back to
the very basics of vision and under-
stand where we're going to apply
what we know to achieve 20/10.
From what I've seen from the Visx
20/10 system, if there is an opacity
in the system in the crystalline lens
or the cornea, wavefront doesn’t
get us away from doing a standard
exam using a retinoscope or a
direct ophthalmoscope, and you
still have to go back to your basic
slitlamp examination to find out at
what level the pathology exists.

Holladay: If your spatial topo-
graphic map of the cornea and
your spatial refractive map aren’t
identical, those aberrations are not
in the front surface — they're
almost always lenficular. It will be
helpful for isolating those.

Also, I don't think the goal
should be 20/10. I don't want to be
perfect at infinity, because I know it
will reduce my depth of field and,
at 45, you're better off having a lit-
tle spherical aberration.

Thompson: I think these devices
are going to give us a way to pro-
vide objective optical performance.
That's something we really don't
have clinically. And we need a met-
ric.

We all know visual acuity is a
very poor benchmark. A lot of
patients have good Snellen acuity
and poor-quality vision. These
devices can give us visual perfor-
mance, and if we set a metric and
make it as a function of pupil size
(once you get the data extracted,
these devices will be able to do
that), I think it’s going to be a very
useful clinical benchmark.

Usage as a primary diagnostic tool
McDonald: What kind of data
have already been published or pre-
sented from the podium?

Krueger: I have a paper in press
now that maps the spherocylindri-
cal refraction and the refractive
aberrations of my own eye, which
is an emmetropic 20/15 eye with
no correction. Even with my excel-
lent vision, I can tell from that
wavefront refraction that I have
about a +0.5 D sphere/-0.5 D cylin-
der refraction. When I dilate my
pupil, I notice that my vision is not
quite as good. And it’s because the
higher-order aberrations (such as
coma in my eye) are more mani-
fested within the dilated pupil.

Alpins: I think there are a couple
of things the general ophthalmolo-
gist needs to understand about how
wavefront differs from convention-
al refraction. One is that it’s not

really a vergence of those rays com-
ing out as much as a separation.

And second, that wavefront is
still missing the non-optical com-
ponent of astigmatism, where the
conscious state controls how much
magnitude and axis of astigmatism
there is. Wavefront deals only with
the purely optical components
within the eyes, leaving out the
perceptual level,

McDonald: Will wavefront refrac-
tions replace auto, manifest, and
cycloplegic refractions, just as
videokeratoscopy replaced keratom-
etry?

Alpins: I believe the answer is defi-
nitely no, because for a start, ker-
atometry is a very useful tool in
analysis; it's so convenient and
quick. You can have a keratometer
on every refracting lane, but this
isn't really a practical, economic
reality with topography.

The same can be said for the
availability of manifest refractions
in each lane — autorefractors or
wavefront refractors aren’t going to
be available in every room.

Holladay: Would you agree, Dr.

" Alpins, that it replaced the retino-

scope? It didn’t replace refraction.

Alpins: Certainly very few oph-
thalmologists would prescribe spec-
tacles off an autorefractor printout.
This makes you seriously consider
whether you would permanently
dispense a laser-delivered prescrip-
tion onto a cornea from an auto-
mated wavefront refraction, with-
out reference to the manifest refrac-
tion,

Krueger: I think it's going to
mean different things to different
people. I've got a keratometer in
every lane, but I never use it. I just
go right to the corneal topography
and I look at the maps. That's how
[ interpret my patients before and
after refractive surgery.

Holladay: You're never going to
replace the patient with anything
that’s objective right now. We
won’t be sophisticated enough to
make a model that represents all of
that, because the brain is so sophis-

" ticated.

The brain has to be studied as

-much as the optics and it must

include the perception, because
otherwise you're missing the whole
point of what that computer is
using.

Thompson: With most wavefront
instruments, you put a bright light
source into the eye, try to bring it
to a point on the retina, and collect
the light emerging from the pupil.
Not only do you not have the cor-
tex involved, you don’t have the
patient’s preference of the location
of the retinal plane.

Krueger: | think that's a good
point. There may be some limita-
tions, because you don't get imme-
diate patient feedback. Perhaps the
wavefront will help us to develop a
relationship so we can begin to
understand how much is con-
tributed by optics, and how much
is contributed by the brain's inter-
pretation.

McDomnald: We will probably de-
termine in the future whether, in
certain populations, there is a sig-
nificant component to the refrac-
tion that is contributed by the cere-
bral cortex and whether this is
affected by age or other factors.

Doane: With the Visx 20/10 sys-
tem, when it’s closed-loop, you
actually can get a subjective re-
sponse from the patient, This is a
massive step forward, when we can
harness information on the first-

order sphere, and order-regular as-
tigmatism and the third through
the 10tk orders to reduce or correct
coma and spherical aberrations and
irregular astigmatism.

McDonald: With the Autonomous'
system, you dilate and fog them by
slowly bringing the target into
focus from “infinity.” And they do’
have to tell you when it's clear,
after which you generate the wave-
front. So it is 99% objective.

i
Pending commercial availability
McDonald: Let’s talk about the
different devices and when they are
going to be commercially available.

Holladay: My recommendation is
that you don't want to buy one
until you know what the associa-
tion is with the laser. You have to
be careful, because links with these
refractometers and topography
units are going to be made with
lasers, so you want to wait until
they've worked all that out.

Krueger: They might be even
paired up as a diagnostic system. [
believe Orbscan is looking into
adding wavefront.

Thompson: And Nidek, for exam-
ple, has a built-in Placido disk

topographer with its wavefront sen{
SOr. :

McDonald: Does everyone think
the purchase of wavefront diagnos-

tiC tecnnology mignt give e sur-
geon a marketing advantage?

Alpins: Any new piece of technol-
ogy, if marketed well to the public,
will attract their attention, but they
usually have to understand the
benefits and what they're going to
provide. So, there are probably
cheaper ways to impress your
patients than to spend all the
money on one of these.

Holladay: I'm suggesting wave-
front is like topography was 15
years ago. When we were develop-
ing those, they did all kinds of
measurements. We broke ground,
but couldn’t do anything about it
unti] lasers came along. My only
caution to the clinician is that
there is no doubt that within the
next 2 or 3 years, you're going to
need to get one. It's not going to
bring in any new patients. While
you're going to pick up some
things, you're not going to pick up
anything that you can’t see with a
good retinoscope.

Krueger: Well, I know years ago
before corneal topography really
got popularized, a lot of people
were questioning, “Gee, is this real-
ly necessary in a refractive surgery
practice?” I think we're going to
find that wavefront is imperative
for our understanding and success-
ful practice of refractive surgery. @



