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Fundamental Principles of
Refractive Surgery

CHAPTER 1
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iew PRINCIPLES OF REFRACTIVE
SURGERY

presents the extraordinary develop-

broad field of refractive surgeryModifying the Corneal Curvature

tate of the art methods that every

gist can apply to his/her practice. The corneais a plastic, transparent, colorless and
being made through modificationseiastic medium which maintains its curvature (power) or
cessful surgical techniques suchtakes a different one as it is modified surgically for
improvements in corneal topograrefractive purposes. This is clearly demonstrated in
es, surgical nomograms, and laggg. 1 for LASIK (laser-in-situ keratomileusis), Fig. 2
will allow for more user-friendlyfor PRK (photorefractive keratectomy) and Fig. 3 for
provement of results in the future.RK ( Radial Keratotomy). In the specific case of Fig. 3,
al Atlas, you will find an evaluationve show the Mini-RK as advocated biyndstrom .
available methods, their indications, Surgical modification of the refractive power of
ges, disadvantages, surgical teehe eye by changing the corneal curvature is possible
ns and their management. because the cornea and the air/tear film interface is the

Subjects Index



12

4 1 2 3 4 5 6 7 8 9 10

Figure 1 (above): Refractive Concepts of LASI

The globe shown is divided into
halves (superior and inferior) for direct comp
son of pre and post-op corneal curvature ch
from LASIK, as it relates to the resulting chang
refraction. The upper half shows a steep, p
corneal curvature (a) causing a myopic refrag
effect. Note that the focal point (b), (from a pq
source of light), is anterior to the retina. The lo
half shows the flatter, treated central cornea
following LASIK. The resulting minus refracti
change now causes light to focus on the reting

Figure 2 (center): Refractive Concepts of PRK

The globe shown is divided into two
halves (superior and inferior) for direct compari-
son of pre and post-op corneal curvature change
from PRK, as it relates to the resulting change in
refraction. The upper half shows a steep, pre-op
corneal curvature (a) causing a myopic refractive
effect. Note that the focal point (b), (from a point
source of light), is anterior to the retina. The lower
half shows the flatter, treated central cornea (c)
following PRK. The resulting minus refractive
change now causes light to focus on the retina (d).
The laser has removed the epithelium and anterior
corneal layers.

Figure 3 (below): Refractive Concepts of thq
Mini-RK Procedure to Flatten the Cornea

The globe shown s divided into two hal
for direct comparison of pre and post-op cor
curvature change related to the change in refra
following a Mini-RK procedure. The upper hj
shows the pre-op corneal curvature (a) resulting
myopic refractive effect, as a point source of lig
focused (b) in front of the retina. The lower
shows the flattened central cornea (c) resulting f
the Mini-RK incisions (i). The resulting refracti
effect of the flattened cornea is to allow light to
focus on the retina (d).
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eye once the lens is removed.
Important refractive surgery techniques are now
available for a variety of indications. Some involve
changing the corneal curvature, others the implantation
of phakic and aphakic intraocular lenses, and some,
newly developed scleral incision techniques, all of which
may be seen in Figs. 22-25.

Changes of Power Related to the Corneal shown inthe&lashed linehas a steep curvature of 7.18
pf Curvature - Why Changes in Corneal mm with a resultant power of 47 diopters. If present
e Improve Refractive Errors in a myopic eye, it would need to be flattened in order
to move the image onto retina, by means of any of the
The cornea and the air/tear film interface is thgrocedures shownin Figs. 1, 2 or 3. The cornea shown
and most powerful refractive surface of the eyen thesolid line has a flatter curvature radius of 8.65
ting about 80% of the eye's total refractivenm with a power of 39 diopters. The less the diopters
he anterior curvature of the normal cornea had curvature the flatter the cornedhis principle
est power. This illustration shows examples afearly explains why the refractive power of the eye
eas of different radii and consequently differentan be modified by surgical procedures that change
powers. The anterior curvature of the cornethe corneal curvature.

Subjects Index
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] endothellum (4-6 mlcrons) The corneal epithelium
= = - ; consists of squamous cells stratified into 6-7 layers. The
= i epithelium uses glucose as an energy source and amino
- acids as nourishment. They both originate from aque-
ous humor through the endothelium and the stromal
. portion. The turnover of the corneal epithelium takes
'S about 1 week. Bowman's membrane (B) is a uniform
membrane found between the basement membrane of
the epithelium and the cellular stroma. It helps to
= maintain the shape of the cornea. The corneal stroma
- : connective tissue (S) has three basic functions: 1)
- - : protection through the collagen fibers; 2) determination
a of shape; 3) transparency. Most importantly, the stro-
= = - mal thickness is different atthe cornea's center (500-550
= microns) than at the periphery (700-900 microns). The
< - center is where the excimer laser ablations are per-
— . - formed for myopia and/or astigmatism (LASIK). The
central and paracentral zones are those mostly ablated
—-r n when using excimer laser for hyperopia. The mid-
Iy -F o i (T 2 e ] EL] periphery and periphery are those mostly incised when
performing RK (Figs. 1, 2, 5, 6, 7). Descemet's (D)
supports the uniform mono-stratified endothelium which
is adherent to the membrane. The endothelial cells (E-
2) function as apumpto remove water from the stroma
and maintain transparency.

New Findings on Wound Healing Important (PRK). This causes the keratocytes in the front part of
in Refractive Surgery the cornea to disappear.

The Cause of Regression and Haze After PRK
Steve E. Wilson, M.D., Professor and Chair-

man, Department of Ophthalmology at the University of Apoptosis occurs in all organisms and organs
Washington Medical Center, in Seattle, has emphasizding development, wound healing, or even normal
that important communications exist between the epissue maintenance. Itis a subject of great interest as a
thelial cells and the keratocytes in the corndfathe possible explanation for optic nerve atrophy in glau-
epithelial cells are injured in any way, for instanceéoma. The wounding of epithelial cells in the cornea
through scraping before a laser procedure (PRK) arauses the cells to release mediators, which stimulate
ablation through the epithelium (PRK), they releaserogrammed cell deathThe keratocytes remaining in
many growth factors or mediators (cytokine$)hen the posterior cornea become activated within a day or
released from the epithelial cells, these can stimulate ti® and divide and move into the front of the cornea.
keratocytes to die beneath the epithelial wodidson They produce excess collagen and other products of
has shown that these cells undergo programmed o&lbund healingwhich cause the regression and haze
death, or apoptosissthen merely scraping the epithethat occuras a complication of excimer laser surface
lium during an excimer laser photorefractive keratectonayplation by PRK
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is approximately 12.5 mm in dianiant in cases ot high myopia treated wit or pre-
nd 11.5 mm vertically (Fig. 7). Yegrystalline foldable posterior chamber IOL's, where the
orneathat actually contributes to tReesence of a small optical diameter may give rise to

la is that portion which is approxiisual problems at night.)
iameter as the pupil (Fig. 6). The The only portion of the cornea that actually

proximately 2.5to 3mm in diame®@gtermines the refraction and contributes to the image on
bout 4 to 4.5 mm in dim light. Théhe macula is the central 3 to 4 mm with a 3 mm pupil

in younger patients. (This is impotEig. 6). The peripheral part of the cornea does not
contribute to the foveal image.

Figure 6: Importance of the Central Cornea to the Refractive Result

The only portion of the cornea that contributes to the image on the macula (M)
is that shown in (C) which is approximately the same diameter as the pupil (normally 2.5
to 4.5 mm). In this figure, the light emanates from source (S). The peripheral part of the
cornea does not contribute to the macular image. For further understanding of these
relations, see figure 7.
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heral
and limbal sector with thickness between 700-900 microns.
Zone B shows the peripheral sector of approximately 2-3 mm in
width and 670 micron thickness. Zone C identifies the paracen-
tral area of approximately 2-3 mm in width and 610 micron
thickness. Zone D describes the central sector approximately
3-4 mm in diameter and 500-550 micron thickness. Zone D is
slightly larger than the pupil. These relationships are important
for the surgeon's judgment when performing various refractive
procedures.

Central Zones C and D are the areas where the
excimer laser procedures are done to manage myopia and or
astigmatism. "D" is also the central optical zone from which the
radial keratotomy incisions start toward the periphery. Zones B
and C represent the areas where excimer ablation is performed
for correction of hyperopia. Zones C and B represent the areas
in which the radial keratotomy incisions are performed.

The interrupted lines show the greater axis as being
horizontal (12.5 mm) and the vertical axis slightly shorter
(11.5 mm).

arious Corneal Zones to Importance of Proper Identification of Steepest
Different Refractive Techniques Meridian to Avoid Confusion

This important relation is shown and amply
described in Figure 7. All surgeons performing refra
tive proceduremust understand the relations that eac
corneal zone and the corneal depthin each area have
a particular technique.

UNDERSTANDING ASTIGMATISM

i In clinical terms, a patient may be referred to as
aving an astigmatism of, for example, five diopters at

45 degrees. Some ophthalmologists work with minus
\e’)'ﬁ ders, others prefer plus cylinders. Consequently,
some people may perceive that the 145 degrees corre-
sponds to the flattest meridian and other persons may
deduce that 145° refers to the steepest meridian.
. . . If we have a patient with five diopters astigma-
Throughout this Volume we will necessarilytism at 145 degrees, we first have to unify the concept of
refer to astigmatism in various chapters. How to managfiat this means. It is preferable to think in terms of the
this important refractive error is discussed among tBe,ount of diopters in each axis, just to be completely
last chapters of this Volume. It is essential that W& re to work in the axis we need, because if we work on
define a common terminology now. We need to unifye wrong axis, we may change from the original five

concepts when referring to the different types of astigiopters to 10 diopters in cylinder. The main point is to
matism and when determining in which specific axis thgs sure which is the steepest meridian.

surgical correction must be made.

Subjects Index
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d he has to work 90 degrees opposit¢he wrong axis. Thatis why itis preferable to think in

t axis 55 degrees because he hasnms of the diopters in each axis; in our example, Plano

t meridian (Fig. 8). Contrariwise,#.00 at 145° in a patient who's keratometer base curve

Plano plus 5.00 at 145 degrees, tisat2.00, is best described as 42 diopters at 145 degrees
and 47 diopters at 55 degrees (Fig. 8).

Plano Minus 5.00 to 145°

left): Proper Identification of Steep-
void Confusion (Steepest at 55°)

ription of five diopters of astigmatism
stood by some to mean that the flatter
5 and by others that 145° is the steeper
oid confusion, we should think in terms
in each axis. This example is best
diopters at 145° and 47 diopters at 55°
er meridianand avoid using the term

00 at 145°One must perform any
matic keratotomy at 55°, which is the
n.

ilitate your interpretation of this rela-
low curve is always in the steepest axis.

Subjects

Figure 9 (above right): Proper Identification
of Steepest Meridian (Steepest at 145°)

Plano plus 5.00 at 145° describes the
steeper meridian, which is to be corrected at
145°. The flatter meridian is at 55° as shown. In
our example, this is best described as 42 diopt-
ers at 55° and 47 diopters at 145°. The flatter
curvature corresponds to less dioptric astigma-
tism.

Asinfig. 8, the yellow curve is shown
in the steepest axis.
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retina
retina

. . id-
tter understanding of its nature, dgn is in front of the retina (F'l) and the other focuses
d 11with the rule” astigmatism behind the retina (F-2).

r curvature is in the vertical direction ~ 4) Compound Myopic Astigmatis(irig. 12-D).

s preferable to end up with "with thBoth meridians focus in front of the retina (F-1 and F-2).
ecause it is more physiologic. The  5) Compound Hyperopic Astigmatisgig. 12-
med "against the rule” (Fig. 11). Vik@- Both meridians focus behind the retina (F-1 and
ize enough how important it is t6-2)-

mind. There are surgeons who have

matic keratotomy in the wrong me- Each different type and combination of astigma-
ravating the already existing agaifim and the various axis in which they are located
_ require a distinct surgical approach in order to have the
and 11 provide an instant ment4fry bestend results. Italso makes a difference whether
entities. Each figure consists of fofle condition is congenital or postoperative, such as
g first the Surgeon's view of with th@”OWlng corneal transplantation. We will discuss each
ig. 10-A) and against the rule (Fi§Pecific approach in the chapter on astigmatism.

d by a color representation of the Unfortunately, postoperative corneal astigma-
the image is focused through tigm following clear corneal grafts occurs commonly

. 10-B and 11-B), the view of eacnd can produce significant visual impairment. Astig-
lacido disc (Figs. 10-C and 11-Q)iatic correction may include spectacle correction or
and the characteristic picture of corneal topograpk@ntact lenses, but if this fails, then various surgical

(Figs. 10-D and 11-D). options are considered.

Some of these refractive astigmatic procedures
Identifying Different Combinations of can dramatically reduce postoperative astigmatism after
Astigmatism penetrating keratoplasty and lead to improved, func-

tional vision. However, significant variability between
Figure 12 will provide you with an instant mentafesults in individual patients can occur. So although
picture of the different combinations of astigmatism. Byeneral guidelines are useful, itis important to individu-
definition we refer to astigmatism when an image is nalize and modify the planned surgery based on qualita-
focused with equal clarity in all the focal points. Ontive keratoscopy and corneal topography, which we
meridian has a different focusing power than anotheliscuss in Chapter 3.
This leads to a variety of combinations, as follows: A clear understanding of the different types and
1) Simple myopic astigmatisnfFig. 12-A). combinations of astigmatism that we present in Figs. 8,
Please observe that one meridian is focused in fronfofl0, 11 and 12 is essential for arriving at the right
the retina (F-1) and the other meridian is focused riglgcision.
on the retina (F-2).
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3.00 AT 180°

Astigmatism vertical meridian (blue - F1) compared to the flattest meridian in the
location of the visual axis and axis of cylinder isorizontal axis of the cornea (red - F-2). (C) In this view, the reflected
orrection in refractive surgery. This concepturlacido rings from corneal topography (R) show the oval shape of the
st curvature (shown in the yellow curve) locatedomhea in the horizontal position characteristic of this type of astigmatism
liopters. The flattest curvature shown in greerffdease see Chapter 3). (D) This corneal topographic picture map shows
tric diopters. As a result, there are 3.00 dioptg¥s typical shape of with the rule astigmatism, with the steepest meridian at
m. (B) This optical cross section demonstrate®0° (more solid colors orange - reddish) and the horizontal meridian in
on different foci. In this example of a mixeldwer intensity colors (yellow and green) representing the flattest curva-
A), the light rays are passing through the steep@sf, with the characteristic bow-tie appearance vertically.
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Figure 11: Against the Rule Astigmatism

(A) This conceptual view presents the steepest curvature again in yellow with 45
diopters at 180° in the horizontal axis and 42 diopters at 90° with the flatter vertical
meridian in green. (B) This optical cross section shows myopic astigmatism (red) at 180°
in horizontal axis with the light rays passing through this steeper meridian (F1). In the
opposite focus the light rays are passing through the vertical or flatter meridian (blue -F2).
(C) The reflected Placido rings (R) from the topography monitor show the oval shape in
the vertical position characteristic of against the rule astigmatism. (D) The corneal
topography map shows the typical picture of against the rule astigmatism with the steepest
meridian (orange - red) at 180° and the flattest at 90° (yellow - green) with the bow-tie
appearance at the center.
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2: |dentifying Different Combinations of Astigmatism

1) Simple myoipic astigmatism (Fig. 12-APlease observe that one meridian is focused in front of the retina

d the other meridian is focused right on the retina (F-2). Simple Hyperopic Astigmatism (Fig. 12-B):

cases, one meridian is focused right on the retina (F-2) and the other meridian focuses behind the retina (F-1).
Astigmatism(Fig. 12-C) One meridian is focused in front of the retina (F-1) and the other focuses behind
a (F-2)4) Compound Myopic AstigmatisrFig. 12-D): Both meridians focus in front of the retina (F-1 and
ompound Hyperopic Astigmatisr(Fig. 12-E): Both meridians focus behind the retina (F-1 and F-2).
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The Broad Horizons of
Modern Refractive Surgery

CHAPTER 2

Different Options and Techniques of Choice
Their Indications
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UNDERSTANDING REFRACTIVE LASERS

rinciples of Excimer Laser nisms of the excimer laser vs various other lasers cor
monly used in ophthalmology.
t significant advance in the past three Ophthalmic excimer lasers use ultraviolet radia:
he emergence of the excimer laser aritbitsat a wavelength of 193 nanometers. It is a wave
inate refractive corneal surgery. Tiength that practically does not heat the tissue but act
excimer laser is a source of energy that is very difficutly breaks inter- and intra- molecular bonds. Th
to control and apply to the human eye with the assuramgelecules in the area of ablation explode away from th
of safety. Harnessing this laser to safely perform corneairface (Fig. 14).
surgery has been a major technical achievement. The concept of ablative surgery is that by remov
The argon fluoride (ArF) 193 nanometer excimeng small amounts of tissue from the anterior surface ¢
laser is a pulsed laser that has wide potential becaugbétcornea (Fig. 15) a significant change of refraction ce
can create accurate and very precise excisions of corfeaattained. The effect in myopes is achieved by flattel
tissue to an exact depth with minimal disruption of tHeg the anterior dome of the central cornea over a5 m
remaining tissue. Fig. 13 presents the comparative mectiize shaped area.

Subjects Index
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Figure 14 (right): Excimer Laser - Ef-
fects on the Tissue

The high intensity energy of
ultraviolet light from an excimer laser
during tissue ablation breaks inter and
intramolecular bonds, causing the mol-
ecules of the area of ablation to explode
away from the surface. Please observe
that there is minimal disruption of the
remaining surrounding tissue.

Subjects

?

Figure 13 (left): Comparative Mechanisms of the
Various Lasers Used in Ophthalmology

(1) The argon and krypton lasers employ a thermal
mechanism whereby the laser (L) heats the chorioretinal
photocoagulated tissue and produces scarring (arrow).
Retina (R), choroid (H) and pigment epithelium (E). (2)
The YAG laser works by photodisruption of tissues,
creating small acoustical explosions that produce open-
ings (arrow) such as we make in posterior capsulotomy
(P). A plasma screen of ions (+ and -) is created. (3)
Excimer ultraviolet laser works by photoablation. Small
amounts of tissue (T), essentially the stroma in cases of
LASIK, are removed from the cornea (C - arrow) with
each pulse.

25
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As pointed out byPeter McDonnell, M.D., Professor and
Chair, Department of Ophthalmology, University of California,
Irvine, and Professor of Ophthalmology and Director of Refractive
Surgery atthe Doheny Eye Institute, University of Southern Califor-
nia at Los Angeles, in most parts of the world broad beam lasers still
predominate in the laser market (Fig. 15). Recently, however,

Figure 15: Concept of Broad Beam Laser Application for Refractive Surgery

The most common type of excimer laser is the broad beam laser (L1). The method of application
uses a widening diaphragm or pre-shaped ablatable mask (M) through which the laser beam (L2) passes.
To produce more ablation of the cornea in the center (C) than in mid-periphery (P), the thinner central
portion of the mask allows the laser to ablate the central cornea longer. As the disk is ablated in a peripheral
direction (arrows), the cornea is shaped accordingly in a desired gradient fashion.
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, . : canning lasers (Figs. 16 and ave several
nning lasers use a small slit that |s :
e comeal surface (Fig. 16). Flying (tet\ntlal advantages over broad beam lasers (Fig. 15).

scanning laser. Instead of a slit t 18 postoperative corneal surface may be smoother,

. . resulting less often in a healing response which can
2, flying spot lasers (Fig. 17) have a . . :
- rogress to corneal haze or opacity. A higher quality of
lliptical spot perhaps 1 mm to 2 mim. . . )
visign and improved visual acuity may also result from
moved across the surface of the co

ea )
o {He smoother and more uniform corneal surface when
olled galvanometric mirrors. : .
using scanning lasers.

Figure 17 (below right): Concept of the "Flying
Spot" Scanning Laser Application for Refrac-
tive Surgery

A third type of excimer laser application
is known as the "flying spot". A small laser beam (L)
moves across the cornea (arrow) in a predeter-
mined, computer driven pattern to ablate more
tissue centrally (C) than in the mid-periphery (P).
This type of laser application is very flexible with
regard to the type of ablation pattern that can be
applied.

|

ove left): Concept of the Scan-
ser for Refractive Surgery

her type of excimer laser uses a
rbeam. The laser beam (L1) strikes
ask (M-arrow) which has a slit
the beam passes (L2) in a prede-
ion. More ablation occurs cen-
ess peripherally (P) to achieve the
al reshaping.
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Advances in Excimer Laser Technologies 7
L]

Figure 18: Flexibility of the "Flying Spot" altered to provide aspheric as well as spherical
Scanning Laser May Provide Customized ablations. The mid-peripheral cornea (red
Ablation shaded area-P) can be treated with the laser (L)

to produce a different curvature than that of the
The "Flying Spot" type excimer laser central cornea (D - blue line shaded area). This
has an advantage over other broad beam and sliallows the possibility of a customized ablation
scanning lasers by providing increased flexibil- unique for every cornea. A lamellar corneal
ity in the ablation profile. The profile can be flap (B) is retracted.

McDonnell emphasizes that another possibl@sm- Some patients do not have perfect symmetry of
advantage of scanning technology is increased flexiile cornea, particularly those with surgically induced
ity in the ablation profile or algorithm. The profile carfiStigmatism after penetrating keratoplasty or cataract
produce aspheric rather than only spherical ablatiopigery (Fig. 12), or those with keratoconus (see Chap-
(Figs. 18 and 19). Larger diameters of ablation can §& 3)- Broad beam lasers do not take the asymmetry of
made. The possibility of using topographical maps of tifgegular astigmatism into account; they treat all corneas
cornea to guide the ablation is a distinct advantage€ same. The scanning technology allows the possibil-

which will allow for more flexibility in treating astigma- 1ty 0f & customized ablation that is unique for every
cornea (Fig. 19).
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has yet
transla

is a significant step forwandhen it TheNidek andAutonomous lasers arevow com-
reased risk to the patient's quality ahercially available, with recent approval by the U.S.
n a minor error in the sculpting occurBood and Drug Administration (FDA). Other scanning
s procedure is experimental). lasers, such as tAechnolaslaser, remain under study.

en be possible to improve upon the Eye Tracking Systems

ng corneal surface, with improvement
visual acuity, bringing patientswho are ~ Another advantage of the scanning lasers is th:

ction preoperatively to 20/15 uncothey can be used in combination with eye tracking

tively. We still need more experiencel@hnology and computer controlled mirrors (Fig. 20) tc
initively whether scanning lasers cdnove the spot automatically in microseconds to com

ir early promise. pensate for eye movements. At least theoretically, suc
a laser is not dependent on absolute fixation and c
ailable Scanning Lasers thereby improve the quality of the surface.

As described biyicDonnell, landmarks are iden-
panies are now working on developinidied at the beginning of the procedure. Without eye
hiron (now a division of Bausch & tracking systems, if the patient looks slightly away from
Technolas las&utonomous Tech- the fixation target while a broad beam laseris being use
y purchased by Summit, the compartize surgeon must quickly release the foot pedal and st
d one of the first broad beam lasers, als@ablation. With eye tracking technology, however, th
superior quality scanning laser. Theser immediately registers the movement of the eye ar
ey believe theture of lasers is in  moves the spot accordingly without interrupting the
logy The Japanese compahydek surgery. Technologically, some of these eye trackin
mparlyaser Sight also manufacture devices are quite impressive. Even if a patient move
. The Nidek laser involves a slit that cemnsiderably, the ablation spot can be placed perfectl
s the surface like the rectangular beam of ~ Autonomous Technologies, Nidelkand several
editechis similar. The Visx laser hasother companies now manufacture eye tracking system
odified ("Smooth Scan") to achieveRxoof that these trackers improve surgical outcomes i
Although it is a broad beam laser, thtll to be established, according to McDonnell. Date
dification allows the broad beam to bave not yet shown that the eye tracker preven
dividual beams that scan the surfacedéicentration, or results in improved vision compared t
the smoother ablation that results wilsults from a broad beam laser without eye trackin
of surgeriicDonnell explicitly adds, capacity.
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This cross section of the anterior globe
compares a spherical ablation profile (S) to an
aspherical profile (A). A spherical treatment results

in a corneal surface (1) which has the same radius
(R1) throughout its curvature. The common center
of the spherical curvature is shown at (C1). By
comparison an aspherical ablation profile, made
possible by the "flying spot" type excimer laser, is
defined as one which has varying curvatures across
the treatment zone. In the aspherical example (A),
the central curvature (2) has longer radius (R2) than
the mid-peripheral curvature (3), which has shorter
radius (R3). The centers of curvature for the two
areas of the cornea are different (C2 and C3). The
curvature change betweenthese two areas s gradual.
Thus, the central cornea has a "flatter" curvature
than the mid-peripheral cornea in this case. The
dotted line represents the pre-op corneal curvature.

Figure 20 (right): Concept of Eye Tracking
For More Accurate Corneal Ablations Dur-
ing Movements of the Eye

New eye tracking technology cantrace
eye movements by detecting displacement of the
pupil. In microseconds the eye tracking com-
puter can move the treatment spot of an Excimer
laser beam appropriately to compensate for these
eye movements. For example, laser beam (LA) is
treating an area of the cornea when the eye is in
position (A). Suddenly, during treatment, the
eye moves slightly to the left to position (B). The
eye tracking computer detects the movement of
the pupil to the left (dotted circle) and commands
the laser to track left (LB) the same amount,
within microseconds. Thus the laser continues
treating the same area of the cornea as desired
before the eye movement took place. Such tech-
nology aims to increase the accuracy of the
desired ablation and resulting correction.
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Figure 21: How Corneal Tissues are Affected with
Different Refractive Techniques

I In this figure, you will clearly observe the
I differences in corneal tissue invasion comparing in-
1' cisional keratotomy to laser in situ keratectomy
| (LASIK). (A) This cross section view of the cornea
< shows the tissue penetration of the diamond knife in
' | RK with a deep incision of 500 microns reaching
e el - down close to Descemet's. The space shown between
— - - .. the arrows demonstrates the thin, untouched and
- intact corneal area. The corneal tissue strength is
e . significantly weak and unstable because of the radial
L . = i cuts. (B) This represents the corneal depth reached in
e AT L gt LASIK by the excimer laser in a patient with -8.00
i (myopic) diopters. The higher the myopia, the larger
- the ablation but limited by Jose Barraquer's thickness
- - law. (See Chapter 3). In this case the ablation depth
reaches 240 microns (160 microns: corneal flap + 80
microns: stromal laser ablation). The rest of the
corneal stroma is untouched (between arrows).

o L T I L N0 PR G Bl s hed
-
L]

he Corneal Tissues are Affected in LASIK vs Incisional Keratotomy

imer ablation in LASIK (laser in situence between the two techniques clearly shows how
and PRK (Photorefractive Keratectomgjroma is significantly weakened in incisional kerato-
sue is removed from the central parttoimy thereby affecting the strength and stability of the
> ultraviolet light has so much energy tighdbe. LASIK involves no heat damage, no permaner
ter- and intra-molecular bonds, ejectisgarring, not even a thermal effect.

at high speed (Fig. 14). Tissue ablation  Inthelong run, RK patients carry two swords of
s an average of 250 microns (Fig. 21-B)amocles over their heads. One is the threat of a blow
1l surface of the cornea. On the oth#hte eye severe enough to cause a rupture. The RK patis
isional keratotomy (radial keratotomig always more susceptible to rupture because the cc
d astigmatic keratotomy for astigmaeal scars will never be as strong as the original corne
of incision into the corneal strom@he second threatisthatthese scars apparently stretct
to 500 microns, close to Descemegtax with time, which may give the patient more effec
almost 90% of the corneal thickness (Riwan the original result. An undercorrected patient move
toward a better result, but a properly corrected or ove
2 this figure with Fig. 5 for identificationcorrected patient moves into hyperopia, and can becon
ickness of each layer. This major diffeuite farsighted.
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must
of the
ate subspecialty of ophthalmologyhain techniques available that may be effective, afford-
ctive surgery specialty societies asifle and safe. These techniques are identified in Figs.
Is and a significant number of papg2s 23, 24 and 25.

ar in the major ophthalmology jour-  |f the surgeon uses only one technique for
rid. refractive surgery, then the patient must meet
urgery in the 21st century re- the needs of the surgeon -- not an optimal clinical
geon develop multiple skillsA  circumstance. At the Emory Vision Correction

on should have a variety of skills aDénter wher&Varing is Director and founder, he and
ng the ability to employ a variety diis colleagues perform a full variety of modern refractive
here they are needed. In the sagpgyical techniques. Modern refractive surgical tech-

ho performs refractive surgery showlifjues are grouped in the following categories:
proaches at his/her command to meet

s of each patient.

DURES TO CHANGE THE CORNEAL CURVATURE

be done with lasers or with the dia-  ¢) Astigmatism from 1.50 D to 5.00 diopters.
r surgical instruments. They are all  py Anisometropia: in children under 10 years

nd 23. of age who have failed to maintain their visual acuity
. under therapy with contact lenses or glasses. This
Those DoneNith Lasers: procedure must be done under general anesthesia.
1) LASIK (Hg.22-A) - FRrformed Size of Optical Zones for Myopia and
with Excimer Laser and Miavkeratome - Hyperopia

Indications: _ _
Maria Clara Arbelaez, M.D., has pointed out

A) Myopia from -1.00 D to -10D. Performing that the limitation of LASIK beyond -10D is because

LASIK for patients with myopia higher than -10D has with scanning _Ias_ers it is important_ not to use o_p_tical
larger risk to the patient's fingliality of vision because zones smallerin dla_meter than the size of the pupil in the
they may have difficulty with night vision such as glard@’k- In both myopia and hyperopia we need to work
and halos. Some patients who have undergone tAiLh optical zones larger than the size of the pupil at
operation with myopia higher than -10D aery un- nlg_ht. This I|_m|ts the upper range of myopic _and hyper-
happy because they have to go home as soon as ni Ric correction we can prudently obtain with LASIK
starts and the pupil becomes larger. This is due to ause the larger the optical zone, the lower the correc-

reduced optical zone used with LASIK in treating highon that can be attained with scanning lasers.

myopes. For corrections larger than -10 D, we have better
B) Hyperopia from +1.00 D to +4.00 diopters. options available now, namely phakic intraocular lenses
(Fig. 24).
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rom -1. o -5. . ouglas D. Koch, M.D.,Associate Professor o
: from +1.00 D to +4.00 D. thalmology at Baylor University in Houston aReter
m: from 1.00 D to 3.00 D. McDonnell, M.D., Chairman of the Department at the

Richard Lindstrom, M.D., the University of California at Irvine and Professor of Oph-
most cases is LASIK. For the thalmology at the University of Southern California
anage the microkeratome well afi@bheny Eye Institute) have found in a joint study that
orm LASIK, the indications for PRKhere was only 0.4 diopters average regression between
really a second or third choice. Ev@months and 2 years and almost no regression between
e and effective, it has a fairly largeand 3 years. Regression had been the problem with
erative corneal haze. several techniques previously used with Holmium:YAG
Lindstrom, PRK is indicated as laser.

oiceas follows: b) Presbyopia:Treated with LTK through a

| scar with myopia. monovision approach by inducing some myopia in one
t membrane dystrophy with myopiaye and emmetropia in the other.

hen unable to use a microkeratome c) Overcorrection after LASIK or PRK

row or tight lid with narrow palpebral

4) Excimer Laser Sculpting to Produce a
Multif ocal Comnea - (Fqg. 23-E)

Between LASIK and PRK

i Indications: Simultaneously performed for cor-
bel,M.D.,andSimonLevy,M.D., yection of refractive error for distance and near (presbyo-
been used with very encouragingay (rig. 19). Presumably this is a custom-made abla-
ent of both myopia and hyperopig,, for each different cornea and refractive error. It
alongside photorefractive kerategyqris in some cases, but it is still quite risky in most

but LASIK appears to be the bettef,ients because they may end up with decreased quality
ting higher degrees of myopia afq comfort of vision.
hyperopia. In some centers such as

Waring in Atlanta and Lindstromigshanging the Corneal Curvature with

Kis glso routlne_ly used_ to tre_at_ Iov\ﬁurgical Instruments
uperior to PRK in causing minima

mfort, in the rapid recovery of clear . , _
tion of refractive change, and in the 1) Radial Keratotory - (Fig. 22-C): Juan

ce of haze. However, LASIK is t[.Mu_rube_, M.D., Professor of Ophthalm_ology at th_e
lly demanding of the two techniquelé.n'v‘?rs'ty of_ AIcaIa_(Ramon y Cajal Medlcal Center)_ in
Madrid, Spain considers that RK continues to be valid in
the correction afnyopiaeven thoughitis being replaced
by LASIK.

Murube is a top refractive surgeon who can
) o utilize the highest technology available (LASIK, etc.)
on is performed with anfrared 1, b js also fully aware of the needs and limitations of

r using a non-contact slit-lamp || trained clinical ophthalmologists who practice in
developed by Sunrise Technologjes,,

ntact Laseil hermal Kerato-
0. 23-D) - Indicdions
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PROCEDURES TO CHANGE THE CORNEAL CURVATURE

RADIAL KERATOTOMY ASTIGMATIC KERATOTOMY

Figure 22: Correcting Ametropia by Changing the Corneal Curvature

The miotic cornea can be sculpted with an excimer laser, either
under a corneal flap (LASIK) (A) or directly (PRK (B). Stromal incisions
can be made to weaken the cornea, radially for myopia (C), or arcuately for
astigmatism (D).
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yopia:a) Classical 8 Incisions: a) Post-keratoplasty astigmatism.

0 D. b) 4 incisions: from -1.50 D to b) Refractive cataract surgery (Fig. 23-Ajhe
uses RK only in selected cases ofataract patient with astigmatism.

an enhancement following cataract  c) Mixed astigmatismas for example, -1.00
-3.00 Dindstrom never performs +2.00 x 90 (Refer to Fig. 12).

dinselected cases of verylowmyopia  d) When excimer laser is not availablastig-
(Fig. 3). matic keratotomy may correct up to 2.5 to 3 diopters of
he Refractive Surgery Center irastigmatism.

versity) offers RK for patients with A combined procedure of excimer and astig-
-1.00 D to -2.00 D, especially fomatic keratotomyis used only if the excimer laser is not
nancial resources to afford excimeapable of correcting the astigmatism present.

At Waring's center in Atlanta astigmatic kerato-
,M.D.,inToronto, Canada, a prestomy is offered for patients wittomplex astigmatism

ith a very large refractive surgemyrat cannot be resolved with the laser and for patients
in cases under -2.5 diopters witfith residual astigmatism after intraocular lens implant
an -2 D. He has rarely seen any haasyery.

n and almost zero retreatments are

Changing the Corneal Curvature with Cor-
most prestigious ophthalmic surneal Implants and Injected Synthetic Sub-
urLim,M.D., Chiefof Singapore's tances

Iso has extensive experience in the

arRfan Nagpal, M.D.,head of a Intrastromal Corneal Ring (Fig. 23-B):
Sive Op hthalmic Ir!st|tute n .Ind'ﬂ‘ntrastromal segments of a synthetic material are placed
¢ meQ|caI centers in larger Cm?si patients with low myopia up to -3.50 D who do not
eexplmerlasertechnology a"a"awam a microkeratome flap or laser treatment and who
sed in many rural areas. prefer the potentiakversibility of the intracorneal ring
rocedure. It is an effective technique for low levels of
pherical myopia. This procedure is discussed in chap-

er 5.

of course, that while RK remains aE
ely economical refractive option f
rs ahyopia, the reduction in the

d stability leads to long term changes L . _
or when corrected with this proce{- Gel Injection Adjustable Keratoplasty

erations have led to the increas E . 23-C). As outlined byDouglas Koch, M.D. the
gnethod involves injecting gel in the paracentral corneal

stroma in order to flatten the central cornea and reduce
myopia. This procedure is discussed in Chapter 5.

er techniques, particularly LASI

ic Keratotony - (Hg. 22-D) -

Indications: Correction of up to 5 or 6 diopters

re, also known as refractive kerat§f myopia. _ _ _ _
used. It consists of two techniques: Particular Benefits: It is reversible andad-
tomy shown in Fig. 22-D and thigstable. Gel can be added or removed as needed,

making
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PROCEDURES TO CHANGE THE CORNEAL CURVATURE

REFRACTIVE CATARACT SURGERY

GEL INJECTION NON-CONTACT LASER EXCIMER LASER SCULPTING OF
ADJUSTABLE KERATOPLASTY THERMAL KERATOPLASTY (LTK) MULTIFOCAL CORNEA

Figure 23: Correcting Ametropia by Changing the Corneal Curvature

(A) A transverse incision of the cornea can also be used to correct astigmatism when performing
cataract surgery. Implantation of an intrastromal corneal ring (B), or injection of gel into a peripheral, circular
track (C), forces the peripheral cornea to bulge, flattening the central cornea for correction of myopia. Mid-
peripheral stromal laser coagulation (thermal keratoplasty, or LTK) (D) causes this tissue to shrink and the
central corneato bulge for the correction of hyperopia. A scanning excimer laser beam might sculpt a multifocal
cornea (E) for the correction of hyperopia and presbyopia.
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S are
nature

: ) * "~ have among ophthalmic surgeons, and the stage of
[ MD (M"’.ld”d) ANCSEONE] evaluation of each technique.
the pioneers in the research and

n of this procedure.

ULAR LENS IMPLANTATION IN PHAKIC EYES

different lens types are shown in Fig. 24. Compared with the techniques utilized to modify
ure (Figs. 22 and 23), of which LASIK is the procedure of choice in most cases, phakic IOl
are capable of providing the patient with the best visual acuity, quality of vision and qualit
ering their own challenges, the techniques and instrumentation for phakic lens implantatiot
he standard cataract surgery already performed by most surgguarsinétersfor LASIK

s of correction as previously outlined as a guide, will serve to provide a better orientation a
kic lenses. Although there is some overlap of refractive error correction with each procedur
dications for phakic IOL's start when LASIK ends. They are grouped as follows:

c IOL's in the Anterior The main experience with this type of lens is with
. 24): Kelman's Multiflex design in aphakic eyes. Bausch &

Lomb manufactures this re-designed lens for phakic
eyes under the trade name of Multiflex Nu-Vita. The
reports on its use are enheartening.

) o Indications: High myopia in the range of -
ns is now gaining very much popu-

provements in the design and instr;bl to -22 D. The step by step technique on the implan-

it a more "friendly” surgical procet-ation of these lenses is presented in Chapter 6.

ring much skill. Technically, it is a _ _
procedure than the Nu-Vita lens. It 2) Lenses Implanted in the Posterior
good results. It is fixated on th€hamber, Between the Anterior Capsule and

e (Fig. 24-D). (See Chapter 6.) It{fe Posterior Iris Surface (Fig. 24)
Ophtec. There are more years of

his as a phakic lens than there are with A) The Pre-Crystaline PMMA  1OL

- o (Fig. 24-A). This lens was designed and created by
S: High myopiain the range of p fassorjoaquin Barraquer, M.D., of Barcelona,

h hyperopiain the range of +6.00 gpain |t is implanted between the posterior surface of
the iris and the anterior capsule of the crystalline lens and
fixated in the sulcus.

liflex Nu Vita Lens, with fixa- Indications: High myopia in the range of -11
chamber angle. This is a less skil; 55

u¢eig. 24-C)but has the disadvan- . . .
n needed to calculate the size of the Benefits: Contributes significantly to correct

white at the limbus +1 mm). vision in patients where LASIK is contraindicated. Be

isan (Iris Claw) Lens designed
. from Holland over 10 years ago
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PROCEDURES WITH REFRACTIVE IOL'S IN PHAKIC EYES

VERY HIGH MYOPIA

BARRAQUER PMMA SOFT, FOLDABLEPRE-CRYSTALLINE ANTERIOR CHAMBER MULTIFLEX
PRE-CRYSTALLINE 10OL POST. CHAMEBER 10L NU VITA LENS

VERY HIGH HYPEROPIA

THE ARTISAN LENS (IRIS-CLAW) PIGGY-BACK INTRA-CAPSULAR 10L

Figure 24: Procedures with Refractive IOL's to Correct Very High Myopia and Very High
Hyperopia

Very high myopia is best managed with phakic intraocular lenses. They can be placed
in the posterior chamber between the iris and the normal lens (A, B); or in the anterior chamber,
supported by the chamber angle (C) or the peripheral iris (D).

For very high hyperopia, a lensectomy can be donéveméphakic intraocular lenses
implanted on top of each other (E).
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. Itrequires a corneo-scleral inci-

insertion” (non-foldable, made " of 3) Clear Lens Extraction: with corrective
intraocular lens implantation. Especially useful in pres-

ntraocular Contact Lens byopic hyperopes greater than +3 diopters.

is a soft, foldable, small incision

plate lenglesigned bsuimaraes 4) Piggyback Intracapsular IOL's

Zaldivar (Argentina). Thislensis ,. ) o
he posterior chamber between t(w%'g' 24-E):Inserted inside the capsular bag after clear

the iris and the anterior capsule of fasectomy to correct very high hyperopia when the
d fixated in the sulcus atter is so high that no one intraocular lens may be easily

o . available with such high power. For this procedure, itis
rf:glg[r)] myopia over -10 D and o " \ise PMMA IOL's.

LAR LENS SYSTEMS OF PARTICULAR NEW INTEREST FOR
ION OF APHAKIA

wide variety of intraocular lenseg) Allergan's Array Multifocal Foldable 1OL

g;eczttiggcct)fsdu?éilglp?ﬁgtlteonzzgzﬁtig,. 25 A-B): At present, this is the only foldable
well as new designs. and materia l?ltifo.cal. i.ntraocula'lrlens thathas been approved by the
ece acrylic lens. Graham Barrett hasA.Vlrglllo Centurion, MD re_commends its use fo'r
ce hydrogel lens. Allergan has a nséur eons who are confident with phacoemulsification
) T and small incision techniques. This lens is made with a
ly under investigation. Storz, nowga.. o optic and PMMA haptics.
approved and is being used Widlqthe pastCenturlon |sfam|I|arW|th the Qef|0|enC|§S|n
. Using an interesting technologce"\{m.:al results inherent in some deglgns. This new
ped the Memory Lens, a hydro euItlfocaI lens, however, is a refractive molded lens
L YRstead of a diffractive lens, which were the ones that
pre-rolled. Although it must be kept . . e e
en from the case and inserted into lq{sleve rise to visual difficulties |n_the past. .
Ided or requiring any other manipus Douglas Koch, M.D., points out that studies
conducted using this lens show very high levels of vision
with little evidence of contrast sensitivity loss. A case-
control study conducted byonathan Javits, M.D.
comparing patients who received monofocal IOL"s with
_ patients who had the Array multifocal 10L,s showed
ree designs and systems that hygqrly that patients with multifocal 10Ls, were func-
ew interest because they each QiQaaly better and happier with their vision. This is the

ntribution of a different nature. Thest stydy that has shown these results so convincingly.

s of Particular Interest
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Figure 25: I0OL Systems of Particular New Interest for Correction of Aphakia

The Allergan Array foldable multifocal lens is implanted in normal fashion (A, B). The Alcon
AcrySof lens provides a very high quality image from a foldable lens, with less posterior capsule
opacification (C). The Jacobi assymetrical lenses (D) are multifocal but provide emphasis for distance

for one eye and for near for the other.
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56 patients in the US Clinical Studyych as on top of a sterilizer that has an ambient tempera-
more than 60% were J2 or J1 withglik between 100 and 105 degrees. This seems to soften
alf were 20/20 without correction. the material and facilitates the gentle folding of the lens,
working with this lens have th@aking it much easier to implant especially for high
that depth of focus and quality @fiopter lenses which are more difficult to fold.

if the surgeon implants the second |t js also important to keep in mind that if the

s of the first implantation. Patierdurgeon performs rapid folding otald lens, this may

er if there is a very short intervgdave striae in the lens that could conceivably interfere
and second eye. (A short intervglth visual acuity.

is usually the case when modernsmall A second measure taken bydick to facilitate
urgery is performed, if the cataragifis lens' entry into the wound after folding and holding
oth eyes. - Editor). it with forceps is to pinch the lead edge of the lens with
a second forceps, to make the "nose" conform into a
bullet or missile shape. This facilitates entry into the eye.
crySof LengFig. 25-C):The Once the nose enters into the eye, the rest of the lens
n to prevent opacification of th#llows with great facility.

following extracapsular extraction Dodick does not use an injector, although that is
attained through the implantationafother modality. He uses folding and insertion forceps
ecently published studies and extan-nsert the lens. They must be very fine folding forceps
prestigious ophthalmic surgeons s®-as to add very little bulk to the combination of lens and
e from polyacrylic material (such derceps that have to enter through the small wound.
nufactured by ALCOle associ- Dodick likes to divide the implantation of the
ntly reduced incidence of poste- lens into three stages once it is in the anterior chamber.
ification and consequent much First, when the lead haptic is in the capsular bag, the lens
tomy rates. Itis notindicated for is allowed to unfold. Stage two is the implantation only
of the optic. Stage three once the optic is implanted is to
implant the superior haptic by rotating it with the Lester
tures About AcrySof’s Implan-hoo‘f or plac_ing it with a Kelman-McPherson f_orceps.
Dodick considers that a common mistake when implant-
ing an AcrySof or any soft IOL, is to implant it in only

) 0 stages. Once the inferior haptic is placed into the
.nlted States. There are other acry ﬁpsular bag, some surgeons proceed immediately to try
ing produced in Europe. _to place the optic and the superior haptic in one second
gthelens, itisimportantto keeping, o s experience has taught him that implantation

in high howers up to 39 Qiopters tl‘l51c-t‘comes simpler and more controlled by dividing it into
makes folding more difficuld.ck the three stages described.

nt time this is the only approve
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ultifocal IOL implantation was firstdlthough there is alow image contrastin the eye with the

It came from the realization thaf'@n-dominant focus.

t sensitivity is inherent in the optical ) . )

ion may be clinically significant and Foldable Diffractive Multifocal Lens
pecially interfere with night driving.

devised the concept of splitting Another important new developmentin this con-
the far and near focus between bofi§pt is the third generation, foldable diffractive three
equires bilateral cataract surgery wiRce silicone multifocal lens with asymmetrical light
different types of multifocal IOL,s.distribution developed bffelix Jacobi, M.D. The ad-
multifocal IOL that is dominant f&@ntage of this diffractive lens is that it is independent
t distribution of 70% for the far an@f pupil size and not subject to optical decentration
focus. The fellow eye receives Rgoblems.

is dominant for near and has a light This diffractive three piece silicone lens can be
orthe far and 70% for the near focuflded and implanted through a 3.5 mm self-sealing
ide an improved binocular contrag€ar-corneal incision, thus reducing wound induced
r distance and near visual acuity tfigmatism to nearly zero. The lens optic is biconvex
y bilateral multifocal 10L,s withand alsoaspheric, thereby providing good optical perfor-
istribution. The method essentiallfpance similar to a monofocal IOL. This lens system is
ays of correcting presbyopia aftayailable througticritech, Germany.
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The needs of these patients are markedly different
Surgery Patient from those more traditional ones seen in the clinical
ophthalmologist’s office. These refractive surgery
ing, M.D., has observed that therePatients require more information, generally have more
ctors about patients seeking refratilestions, and must be told of the risk that may be
urgery is often patient-driven; thépvolved even though the percentage of success may be
in seeing well without glasses ¥gh. The risk-benefit ratio should be analyzed with
they sometimes push the doctot@m and patients must understand that the purpose of
ief from their dependence on opticBl€ operation is not to correct 100 percent of the existing
refractive error and that there is at present no technique
ause surgery can be patient-drivéyailable that will guarantee such results. Therefore,
t has a special responsibility to tHé1at we aim atis to allow the patient to liberate himself/
e that patients have realistic herselffromthe needtowear spectacles or contactlenses
surgerythat they are not deluded@S Permanent corrections because the ametropic

, enthusiastic media C|aimS, or goéanorma"ty can be Signiﬁcantly reduced.
s might have had. Patients must Similarly, obtaining informed consent from

advantages and the disadvantag®a#ents about to undergo refractive surgery is a different
cept that there may be complicatidgcedure. When the resultis very good to excellent, the
rocedure. Advertising that promiséformed consent becomes unnecessary. When itis not
glasses or contact lenses doe§%900d, informed consent becomes essentiair

ts and becomes a double-edged f§#fice is: Select your patients carefully, and do not
operate on everyone who comes into your office.
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on (first with the surgery counsel

Zlérﬁ](eon)._ When glv?tn thehch0| dures and the range of refractive error they correct.
, patients most often ¢ oose\%?hich, then, is the most appropriate?

h_ey understa_n_d 'FS advantage;, SPE pallikaris emphasizes that when there is an
visual rehabilitation and mlnlmaloverlapofindicationsoftwoormoreprocedures, knowing
and lack of long-term use of e advantages and disadvantages of each, the next mos
mportant parameters in selecting the appropriate

he procedure to be performed, al rocedure are the patient’s age, life-style, and needs (i.e.,
ions, both the more common on ﬁcupation)

of glare, halos and night driving
more rare complications (such as
infections), should be thoroughly
erstood by the patient. In judging what procedure to select for a specific
extensive experience, it is alsatient, keep in mind that, depending upon their occupa-
tientunderstand that LABNOIves tion, for many patientsisual quality without halos,
nd there is a possibility that theglare, prismatic effect, interface striae and metamor-
interrupted following any of thesshoptic images, and alswsithout impaired binocular
roblems with the microkeratomfesion, and maintaining good contrast sensitivity are
or flap, or malfunction of the lasemore important than a 20/20 uncorrected visual acuity.
Patients understand this better if it is explained to them Forinstance, &allikaris has pointed out, people
that each step builds on the previous step and that eaith myopia working as watchmakers and computer
“measurement” must be perfect for the surgeon to procaesérs need to work for long periods with very accurate
onto the next step. near vision. Their efficiency depends on visual detalil.

The possibility of undercorrection andThey need to be slightly undercorrected by procedures
overcorrection must be understood as well as tteat do not produce or that have the minimum incidence
possibility for the need of enhancement, especially wigf haze, decrease in contrast sensitivity, and
higher myopia. metamorphoptic effects.

Be very cautious with those close to presbyopia. Patients who need to drive at night, sometimes
They often have the impression that they will never ne&st long times, need very clear vision. Consequently,
spectacles again. They should accept the possibilitytieéy must have an operation that permits wider, very
having a period of temporary hyperopia, which mayell-centered optical zones. In these patients, if highly
require either temporary or permanent reading glassesiopic, do not perform LASIK over 10 diopters because
Myopes are used to reading without spectacles. If thigligre is the risk of ending up with a rather small optical
no longer possible following refractive surgery, theyone. Small and eccentric ablation zones lead to glare,
may be unhappy with what the surgeon might considesiusing the biggest problem in this category of patients.
a perfect result. A similar consideration applies teery high myopes

Vision Accuracy vs Visual Quality
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and they may have visual problems _ :
less highly myopic patients, these 1. Monocular Patients: As emphasized by

cessful (Fig. 24). Machat, they are always a contraindication since this is
an elective surgical procedure.
Related to Refractive Errors 2. Keratoconus and Sub-Clinical Keratoconus
figuration: Patients with small or (Fig. 26): They are both contraindications for any
narrow palpebral fissures should'B&active surgery. We must always be alert to detect a
having LASIK because the micr@“b-cnnical keratoconus. They are more dEflnltlvely
ring cannot be well-positioned aftpgnosed through corneal topography, as presented
assage of the microkeratome itsdfter in this chapter. If not detected, a refractive surgery
Lindstrom or RK are the procedur@gpcedure may result in the development of ectasia
ases. because corneal stability has been affected. By all
means, be on the lookout for these patients because, in

mune Diseases and Collagen addition to the possible development of ectasia, the
PRK is absolutely contraindicatedresu“s are unpredictable.

k of stromal melt with an exposed

SIK might be performed but make 3. Healed Corneal Scars from Herpes Simplex:
particular caution. It is best not to perform refractive surgery in these
a: LASIK may be preferable in patients. Reactivation may occur. Also avoid doing this

intraoperative pressure rises wisyraery in patients with history of kerato- uveitis or

e a strong family history of glaucon?ap hthalmic herpes zoster.
uced pressure rise may seriously

toperative course or result in visuc%{ 4. Retinal Pathology:_a) Retinal Tear: All

ndidates for refractive surgery must have a detailed
glaucomatous field loss should t;‘é‘lndus examination with the binocular stereoscopic
f intraoperative rise in intraoculd hthalmoscope and the pupil dilatétda retinal tear
m the suction during LASIK mat present,even if asymptomatic, it should be sealed
. With adequate laser before any refractive surgery is

her dam n further fi .

er damage and cause furthe epcérformed(Flg. 27). If undetected or not adequately
eated and if a postoperative retinal detachment develops
re with the applanation tonome ?edingabuckling procedure, this may alter the refractive
ser surgery may provide erroneomﬂgsu't’ which may at times be significant. Patients with
a tendency to give readings on tf’;]\éetinal hole or lattice degeneration merit evaluation by
S than the real pressure. Of Cour%é’etmisrﬁgtcol?;sotf. retinal detachment or retinal tears is

f gl m rogressivel o . )
of glaucoma to get progress %étan absolute contraindication, butin these patients we

ked by this situation or may give ris : : .
sion glaucoma. must be quite cautious and have a detailed fundus

portant to consider that measurin
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Figure 26: PreoperativeEvaluation - Importance of Diagnosing Keratoconus and Sub-Clinical Keratoconus

This view shows a comparison of the profiles of normal corneal curvature and thickness (A) ideal for any
refractive procedure, and typical keratoconus (B). Keratoconus can be detected by abnormal keratometric readings,
topographic alterations or, when marked, by clinically abnormal corneal curvature (arrow) and the typical striae. The
detection okub-clinical keratoconus during the preoperative evaluation is also essential. Sub-clinical keratoconus can
be detected only with computerized corneal topography (Fig. 40). Any refractive surgery procedure is absolutely
contraindicated. Otherwise, the patient may develop progressive corneal ectasia with an unexpected, bad visual and
refractive result.

Subjects Index



4 1 2 3 4 5 6 7 8 9 10

49

?

ss section shows the presence of several
atient who was to have a LASIK procedure
. Itis important to detect the presence of
bles or small tears (T) preoperatively,

Dic retinas. Itis wise to examine the fundus
s) with the indirect ophthalmoscope before
gery procedure. It is important to have any
ed first by a retinal surgeon and proceed
surgery technique later. Thisis animportant
bnsent and good patient care, and can avoid
ations and misunderstandings sometimes
refractive operation.

ferably by a retinal specialist beforghese changes because postoperative deterioration of
active surgery. vision may be independent of the procedure.

is Pigmentosa:it is preferable to 5. Diabetes Mellitus: Again, we are dealing

e surgery in these patients who alwjth a patient who might have a progressive disease.

a serious, progressive, non-treata|though diabetes is not a contraindication per se, it

ight vision may be further affected.qoes require much caution and the patient must
understand his/her future limitations so as to not

Macular Degeneration and Pos- re|ate them to refractive surgery performed perhaps

as: it is important to document years before retinal complications arise.
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ter probe (Fig. 28) is wiped with
ot need to be sterilized. This instru-  HOW to Calculate the Correct Amount of
e a very careful and accurate readfdglation
tgﬁ fﬁgtézlnfsrrr;??r']eTCZinp:;hggstir_ If, for example, the central cornea has a total
. : ' ickness of 560 microns, as shown in Fig. 28, and the
to determine corneal thickness. TF'e , . .
onsole displaying the corneal thictp(l_ckness of the co_rneal flap in LASIK |:s 160 microns,
and we allow 10 microns for Descemet’s and the endo-
thelium, there is a remaining stromal thickness of 390
microns. (560 —160 - 10 =390.) If we leave the required
250 microns of stromal bed untouched in order to respect
n Barraquer’s law, the surgeon has a maximum allowed
ust preservenainimum of 250 giroma) ablation of 140 microns. (390 — 250 = 140.) Itis
rior stromalbed. Otherinvestigatqigeraly estimated that 10 microns of ablation corrects
rvation of a minimum of 50% of thehe giopter of myopia. In this particular case, the
| pachymetry is esserfi@. 28). g,rgeon could be allowed to ablate 14 diopters of myo-
s tigarraquer “Law” of Corneal ia. (140/10 = 14.) This much correction, of course, is
artlcula_rly|mportar!t|nthetreatmenﬁot recommended, as discussed in Chapter 2. The
rrors with the excimer laser and i 4yimum recommended amount of myopic to be cor-
cedures. _ rected by excimer is -10 D.
_ fficient corneal stroma remains, 8 Thg planning as outlined here, beginning with a
determined byBarraquer's basic principle (“law”), mandatory preoperativélitrasonic Pachymetry, is
there is an increased risk of developing comeal ectagigsential for success when making calculations for: 1)
the first operation, and 2) “enhancements”. An absolute
Determining the Amount of Correction to be minimum total corneal thickness of 360 microns, ideally
Attained (Fig. 28) 380to 400 microns, should remain postoperatively. This
includes the corneal stroma, the LASIK flap and the very
The most important clinical application of asthin Descemet’s and endothelial layer. The pachymetry
sessment of corneal thickness is that the depth of ghwuld be performed both centrallyandat3.0,5.0and 7.0
ablation determines the amount of correction that may Ben paracentrally.

attained and the depth of the ablation must be withinthe ~ This planning must take into consideration the
following factors:

ce
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unctional p-ostop erative optical z o'l,})escemgt’s membrane, and other causes of endothelial
tical zone diameter provides the bed§{Sf“”°“°r? may LSO str_oma_l dllaiiion,

Pupil size measured in different degrees of
illumination is essential. Young patients with large
pupils should be advised of potential glare, halo and
night driving problems following refractive surgery.
One hasto weigh the benefits
versus these difficulties in
highly myopic patients
requiring small optic zones
to the fea- to correct that much myopia.
sed, the oth With low myopic patients in
whom larger optic zones
may be achieved with the
more modern lasers, this

f Residual Stroma.
th of Ablation.

s, keratom:

g i
| to, &' e
corneal 10 ‘; A ;"Iﬁl
=8 —a

o o L emm e

| c

Figure 28: Corneal Tissue Ablation - How Much Ablation is Recommended
Using LASIK Treatment of Myopia

This cross-section view shows the different layers of the cornea and the amount of tissue ablated
(variable from case to case) in excimer laser treatment with the LASIK technique for myopia. The total corneal
pachymetry is 560 microns (P). The “A” zone shows the average thickness of the corneal flap in LASIK (130

- 180 microns). Thisis related to the type of microkeratome used. The “B” zone shows the depth of tissue ablated
from the stroma. This is varies with the amount of myopic correction the surgeon needs to attain and the type
of excimer laser system utilized. In this case we present the parameters of a patient with -8.00 D of myopia with
a stromal ablation of 80 microns. The “C” zone shows the amount of remaining corneal tissue not treated during
the excimer laser procedure. In this particular case it amounts to 320 microns.

It is important to assess these measurements in detail and to keep in mind that the recommended
remaining corneal tissue in every case should be at least 250 microns, to avoid complications like postoperative
corneal ectasia.
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ed in Chapter 2, LASIK in patientgorrection that provides the best visual acuity with the

10 D and large pupils may give risgast amount of minus correction. It is important not to
t. The same applies to phakic IQbyer minus the patient.

using very thin, foldable lenseswith  The importance of thevertex distance

tic. measurement particularly as the amount of myopia

_ increases, is that with most modern lasers, the vertex

Ity distance is required for accurate calibration by the laser
software.

ing any refractive procedure, mea- The cycloplegic refraction is important in order

acuity with and without spectacte prevent overcorrecting the patient. It should be done

ct lenses and best corrected visugth retinoscopy followed by subjective refinement.
sential.

is associated with reduced BCVA, Biomicroscopy
een spectacle correction and contact

gher myopes and patients with high A5 emphasized bjuratto, the presence and
ve a level of visual acuity with rigigyality of the tear film should be evaluated and specific
tact lenses that may be impossiblgstds such as Schirmer's and tear film breakup time
ctive surgery. When considering @uT) done. Corneal clarity, and absence of conjunctival
procedure in these patients, it g3thology which could perhaps cause difficulty with
atientbe aware of these limitationsfiRation of the suction ring in LASIK, should be noted.
h levels of patient satisfaction. Tonometry is necessary to exclude undiagnosed ocular
_ hypertension or glaucoma and to establish a preoperative
Refraction intraocular pressure (IOP) level.
The examination of the anterior segment for lens
A manifest and cycloplegic refraction is stanehanges, such as early posterior subcapsular cataract,
dard. The vertex distance in cases of high myopiasiould be done both to document its existence prior to
measured. In cases of very high myopia, a disposabiggery from a medical/legal point of view, and to
contact lens of -7 D or -8 D may be fitted and the patiestiggest the possibility of lens extraction by
over-refracted over this contact lens. phacoemulsification, with (or without) implantation of
Buratto recommends that the manifestrefractioan intraocular lens (IOL), as an alternative method of
be the one selected for the refractive surgery correctiogfractive correction.
It must therefore be carefully performed using the
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Figure 29: Limited Assessment with the Standard Keratometer

The standard keratometer takes only two small, 50 micron samples 3
to 4 mm apart to determine the central curvature and dioptric power of the
cornea. Itcompletely misses aspheric orirregular surfaces anywhere else on the
cornea.

29),and assumes that the remainder of the cornea, both
" , geripheral and central, is perfectly sphero-cylindrical.
d clinical and surgical keratometer * o, 5 gpherical surface, such as a steel ball, two
rmany years to measure the poweg ot samples are sufficient to determine the curvature
larly for contact lens fitting, is NQf,y hower of that surface. However, as the cornea
esurgery. ltmeasures the curvatyig o nes |ess like a steel ball and more aspheric or
y along the two principal meridiang, o jar, the two measurements that the standard
+ mmapartonthe central cdffiga keratometer makes are not sufficient to describe the
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ntral corneal power. These are Figures 30 and 31 show the Placido disk mires

a where refractive surgery is mostflected from the normal cornea. With this instrument,

the center is the location ofimportagitnicians are able to appreciate, on a qualitative basis,
PRK and RK. To add information tdistortions inherent in individual corneal shapes. For

e obtained with clinical keratometegxample, severe cylinder and irregular astigmatism

swere developed that enable théFigs. 10 and 11, Chapter 1 and Fig. 32, Chapter 3), as
re of Placido Disk mires reflectetell as moderately advanced keratoconus (Fig. 33) can
the cornea (Figs. 30, 31, 32).  all be appreciated from simple visual inspection of

Figure 30: Placido Disk - Reflected Pattern
- Normal Cornea

The reflected rings (R) from the
photokeratoscope are seen on a normal cornea.
Note the regular circular pattern of the 12 rings,
which are evenly spaced on this normal surface.
There is no distortion of the rings.
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Figure 31 - Placido Disk - Reflected Pattern -
Normal Cornea in 3 Dimensions

This oblique cross section shows acornea
(C) of normal curvature. Notice that the reflective
light images (R) on the surface of the cornea
produce a nearly perfect, concentric, circular pattern
from the Placido disk positioned in front of the
cornea.

ido Disk - Reflected Pattern -

nea with abnormal curvature (note
al cross section - arrow), the reflected
ido disk shows distortion of the rings.
on of the cornea reflects the rings in a

they appear closer together (R).
he types of reflective distortions
ornea can be used to note the location
asymmetric areas, for the purpose of
treatment approach.
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Figure 33: Placido Disk Image in Keratoconus

In this case the central and inferior rings (SR) show the advanced,
central steepening (SR) pattern seenin keratoconus. Thereis a characteristic
distortion in the pattern of the rings. For a clinical picture of this
abnormality, see Fig. 26. For computerized corneal topography of
keratoconus and sub-clinical keratoconus, which are essential to detect in
the preoperative evaluation, see Fig. 40.

keratoscope Placido disk mires (Figs. 32 and 33). Thisis done using
simple guidelines. Mires larger in diameter, broader in width or
more widely separated than normal are an indication of low power
of the underlying cornea. The steeper portion of the cornea reflects
the rings in a pattern in which they appear closer together (R - Fig.
32). Figure 34 shows the irregularities in the Placido disk image
following radial keratotomy. A similar visual inspection approach

is used with intraoperative keratoscopes to reduce the amount of
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to approximately 3 D to 4 D. Unfortunately, keratoscopy alone does
not identify corneal cylinder in amounts less than about 3 D.

In spite of its limitationskeratometry is needed and very
usefuleven by itselfThe possibility of a free cap increases greatly
if the K-readings are flat, for example. Keratometry assumes even
greater importance when combined with the findings from corneal
topography.

Figure 34: Placido Disk Image After RK

This photokeratoscope picture shows distortion of the paracentral
and peripheral Placido rings (arrows) following radial keratotomy. Please
observe the irregular shape of the rings.
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easurement of corneal topograp ““Fhe'ploneer in this
areaiPr. StephenKlyce, Ph.D.whoin 1987 converted

ically significant amounts of distorthe digitized numerical values provided by a computer
pe can remain undetected by phot@kig. 35) into color-coded maps of the different curvatures
30-34yideokeratoscopes(Fig. 35) ofthe corneawith keratometer readings at various points.
ed that usenputerized methodgo Inadditionto measuring the central cornea, this procedure
scopic image information. They rprovides additional information about the intermediate
al corneal surface through a digitiand peripheral areas which had always been poor in the
ically portray the shape ofthe cornmst. These maps have become the practice standard
ningful to the clinician (Fig. 3Bhe  because they present videokeratoscopic informationin a
r coded map. form that is easy to use.

Figure 35: The Computerized Videokeratoscope

This state of the art equipment combines a series of illuminated rings, a digital camera, and
a computer. The rings are reflected from a normal cornea as circular and equally spaced, as shown in
Figs. 30 and 31. This image of the Placido disk rings is digitized by the computer shown in this figure
and viewed by the physician on the computer monitor as a digitized color corneal map - a practical and
clinically interpretable system.
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corneal topography covers the entire corneal surface: n
only the center, but the mid-periphery and peripher

demonstrated the usefulness of colgihere many of the abnormalities are present as well :
he corneal surface, in which the coolBg changes that occur from refractive surgery. Th
lue, represent flatter areas of the corfsiruments traditionally utilized for computerized cor-

colors, such as red, represent Steé’ﬁé}l topography to provide this information look at the
and 11, Chapter 1 and Figs. 36 and g¢§lection of anilluminated Placido disk from the cornec

Figure 36: Topographical Corneal Map of a Normal Eye
(Based on a Placido Disk System)

A normal cornea is aspheric with greater curvature
towards its center. This can be seen in the full color corneal
map. The colors are essential for its interpretation. The blue
and green colors are characteristic of the degree of normal
curvature (44 D) in the paracentral and peripheral areas. The
slightly steeper curvature in the center is depictedsoypte
yellow color.  The dioptric equivalents can be instantly
interpreted by comparing the colors of the corneal images
with the numeric table and color scale to the left of the map.
(Artistically modified by HIGHLIGHTS with permission,
from James P. Gills et atlassic textCorneal Topography:

The State of the Apublished bySlack Inc.)

Figure 37: Topographical Corneal Map of an Eye with
Moderate Astigmatism (Based on a Placido Disk System)

This figure depicts a certain level of against-the-
rule astigmatism on the 180° meridian in this otherwise
normal cornea. This appears as an orange and red area whe
the 180° meridian is steeper than the 90° meridiatually
no cornea is totally spherical. The astigmatic component
is not considered to be significant if it is 1.25 D or less, as is
the case in this figure and the majority of eyes. (Artistically
modified by HIGHLIGHTS with permission, frodames P.
Gills et al classic textCorneal Topography: The State of the
Art, published bySlack Inc.)
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eons, however, still prefer equipmeyilue to ask the instrument to provide you with an
do disc. absolutecolor scale in which a given color represents
the same curvature in each map. This eliminates the
Map Process in the Making confusion that may occur if the user fails to pay attention
to the color scale. An absolute color scale is also useful
era takes an image of what is beirig pathological corneas. The color scale shown in
ea. Thisimage can be transmittedrigs. 36-39 has 15 color zones. Reddish colors represent
o monitor. When satisfactory, we csteep curvatures and bluish colors represent flatter
hown on the video screen. Immeglirvatures, with yellows and greens in between.
a digitized computer system within When using the absolute color scale, each color
numbers read by the computer freepresents a 1.0-D range. This means that the patient
surface of the cornea are transcribvety have up to 0.9 D of astigmatism (43.00 x 43.90) and
ting software program that translategoretically have a uniform pattern. Ideally there should
rneal curvatures. The computer & relatively uniform local curvature over the pupil.
rs to this numerical, digitized infor- Accuracy of computerized topographic data
us corneal curvaturesd to the depends upon proper acquisition of good images. Poor
e to the flatter zones. The colorfocusing, decentration, and shadows can all adversely
each curvatures shown on the affect the image.
esent on the side of the topographic Gills, Mandell, andHorner have emphasized
37). that correct alignmentfor videokeratography is a critical
requirement for high accuracy and precision, although
Interpreting the Color Maps its importance is frequently underestimated in a clinical
setting. Theorneal sighting center (CSC)s the point
The computer returns the image to the videshere the line of sight intersects the corneal surface.
screen in colors instead of numbgfig). 38). The video Lightrays entering the eye are centered about the CSC,
image in the computer screen provideslative color are refracted by the ocular interfaces, and ultimately
scale at the edge, which is expanded or contracfetmthefovealimage. The CSCisfitgnary reference
depending on the range of curvatures in the cornea baeint for refractive surgery in that it usually represents
measured. For instance, if the flattest zone of a spectfie center of the area to be ablated in photorefractive
corneais 37 diopters and the steepest zone is 45 dioptéggatectomy, and the center of the area to be spared in
the relative color scale assigned by the computer wotiélial keratotomy.
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Figure 38: Topographical Corneal Map of a
Slightly Myopic Eye (Based on a Placido Disk
System)

This cornea, seenin some myopes, shows
a greater and more pronounced level of corneal

and converting them to diopters with the help of the
numeric table on the left. The map also illustrates

periphery, where the colors are green or blue .
(Artistically modified by HIGHLIGHTS with
permission, frondames P. Gills et atlassic text:
Corneal Topography: The State of the puablished
by Slack Inc.)

phical Corneal Map of a
Eye (Based on a Placido

with figure 38, this figure
Df orange in the central arg
er degree of corneal curvat
diopters depicted on the b
of corneal curvature in
ea where the image has b
is case, the cross pointing
measurement was taken,
puter mouse,” lies on th
Artistically modified by
)ermission, frondames P.
Corneal Topography: The
shed bySlack Inc.)
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The Role of Contact Lenses

the_aap provides a close estimate of _ Raymond Stein, M.D., Co-Director of the
ctive power of the cornea. The dad 3nner Eye Institute and Assistant Professor of Oph-
e ablation needed in each area, flimology at the University of Toronto, Canada, em-
he data obtained is not perfect.  a,qj;es that if the patients are contact lens wearers, he
aps, one must particularly obseryg| qq serial refractions and serial topography to make
is irregular enough to cause CONCEfl that their corneas are stable. For soft lenses, he
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s are formed by reflection, whieearers is not unanimouBuratto recommends the use
film layer. Tear film may not bef corneal topography to monitor the cornea following
problematic if it is uniform over the entire corneatontact lens removal. He recommends that soft contact
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