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Chapter 1 

Introduction 

General introduction 

Changing the corneal curvature will induce a change in the refractive properties 
of the eye. The central part of the cornea, in front of the pupil, is the most 
important part of the cornea that attributes to the formation of the retinal image 
The curvature of the cornea allows the incoming light to be converted. The 
cornea contributes more than two thirds of the refractive power of the eye. Small 
changes in the corneal curvature will cause significant changes in refracting 
properties. 

Refractive surgery is most frequently considered to be cosmetic surgery spectacles 
or contact lenses can effectively correct the myopic or hyperopic refractive 
anomaly. However, since the process of refractive surgery is refining, more and 
more patients start complaining about their contact lenses and spectacles and 
require "perfect sight" without aids. 
Excimer laser and holmium laser, applied to the cornea, can change the corneal 
curvature. Excimer laser energy causes ablation of corneal tissue. If it is applied 
in a higher dose on the central cornea with a declining effect to the periphery, it 
may create a new, flatter, curvature with less refracting properties. Excimer laser 
is predominantly used to treat myopia 
Holmium laser energy causes stromal heating, thus creating shrinkage of coOagen 
fibers. If it is applied on the (mid)-peripheral cornea, the local contraction of the 
fibers causes mid-penpheral flattening and secondary central steepening of the 
curvature. Holmium laser is used to treat hyperopia 
Both laser modalities are used to treat astigmatism, excimer laser by removing 
tissue in the steepest meridian, holmium laser by steepening the flattest meridian 
Ideally, refractive surgery has to meet important requirements: it has to be effec
tive, predictable, safe and stable Side effects have to be minimal 
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Chapter 1 

Aim of the study 

This thesis reflects efforts to critically evaluate the refractive changes that are 
induced by excimer laser to treat myopia and by holmium laser to treat hyperopia 
The efficacy of treatment of myopia with the excimer laser was studied an 
evaluation after one year and an evaluation on a longer-term basis were made, 
using objective as well as subjective measurements Results are presented in 
chapter 3 and 5 
In chapter 4 a study on the efficacy of treatment of myopic astigmatism using 
excimer laser is described 
The efficacy of treatment of hyperopia using thermal keratoplasty was studied six 
months and one year after holmium laser treatment The results are presented in 
chapter 6 Subsequently, chapter 7 discusses whether holmium laser is viable in 
the treatment of hyperopia acquired after photorefractive keratectomy 
Chapter 8 deals with the challenge of prediction of intraocular lens power when 
a cataract extraction is earned out after previous photorefractive keratectomy 
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Chapter 2 

Refractive surgery, 
review of the literature 

History of refractive surgery 

Recognition of refractive errors 

Myopia was recognised even in the time that vision was thought to be a process 
of emission of the eye (about the beginning of the era). Anstotle, on the other 
hand, hypothesised that light travelled into the eye as a property of objects He 
was one of the firsts to descnbe nearsightedness. 
Astigmatism however, was only discovered in the early 1800s, when Airy, an 
astronomer, designed a concave, sphero-cylmdncal lens for his own use Donders 
(1862) wrote that the first cases of astigmatism that were described were considered 
to be "curiosities". He suggested that 2% of the ophthalmologic patients were 
astigmatic. He also suggested that some of the amblyopic eyes were caused by 
astigmatism. 
Hyperopia was probably corrected in ancient times. Although at this time one was 
still unaware of this ametropia, convex trial lenses were available for presbyopia. 
Hyperopia however, was only scientifically founded in the early 1800s when 
knowledge about the optical function of the cornea and the lens started to develop 
and the importance of the retina and axial length was recognised. 

Treatment of refractive errors 

Concave lenses for myopic people were first prescribed in the first half of the 15th 
century. 
Boerhaave from Leiden was probably the first to descnbe a refractive effect of 
cataract surgery. In 1708 Boerhaave noticed that highly myopic eyes could achieve 
a good visual acuity without spectacles after cataract extraction. In 1890 Fukala 
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Chapter 2 

published 19 cases of clear lens extraction for refractive purposes, all patients being 
younger than 24 years (described by Seiler, 1999). 

The Dutch ophthalmologist LJ Lans from Leiden is credited to be the first to 
perform surgical treatment of the cornea to treat refractive anomalies. He pub
lished the results of his experiments with rabbits to treat astigmatism using 
keratectomy, keratotomy and thermal keratoplasty (Lans 1898). Sato et al. (1953) 
used incisions in the posterior cornea (the endothelial side): transverse incisions 
in the steep axis for mild astigmatism and radial and transverse incisions in the steep 
axis for moderate to severe myopia and astigmatism. About forty posterior inci
sions were necessary, to which about forty anterior incisions could be added to 
give a mean reduction of myopia of 2.8 diopters (D) (range 1.5-7.0 D). In 1984 
Akiyama published the long-term effects: 85% of the eyes showed an endothelial 
decompensation of the cornea after about 20 years (Akiyama et al. 1984). 

In 1974 Fyodorov proceeded to treat myopia and astigmatism using incisions in 
the cornea, but these incisions were now placed in the anterior part. Up to sixteen 
radial incisions was sufficient and the effect depended on the clear zone, the 
curvature and diameter of the cornea as well as the age of the patient and the 
technique of the surgeon. (Fyodorov and Durnev 1979, Fyodorov and Durnev 
1981) 
Radial keratotomy gained wide acceptance in the whole world. 
Radial incisions of approximately 90% depth differing in number and length are 
used to treat myopia. Transverse incisions (arcuate or straight) can correct astigma
tism by relaxing the meridian in which they are placed (Thornton 1994). 

In 1978 the first procedures to correct myopia using anterior radial keratotomy 
were carried out in the United States. 
The Prospective Evaluation of Radial Keratotomy (PERK) study was started in 
1981 (funded by the National Eye Institute), evaluating a standardised technique 
carried out in nine centres. Waring et al. (1991) presented a follow-up study after 
5 years of 793 eyes of 435 patients, including repeated operations. They concluded 
that eyes with a refractive error of—5 D or less achieved better results than eyes 
with higher preoperative refractive errors. However, 24% of the eyes achieved a 
change in refraction between 6 months and 5 years (of which 22% in hyperopic 
direction). 
Although radial keratotomy has proven to be effective, predictability as well as 
stability remains a problem (Waring et al. 1991). Also, reinforcement procedures 
are insufficiently predictable. In addition to this, diurnal changes can occur 
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(McDonnell et al 1996), and susceptibility to trauma is a danger (Bryant et al 
1994, Peacock et al 1997) 
While radial keratotomy was being used widely in the US, new developments in 
corneal refractive surgery were first described in 1983 Trokel used excimer laser 
irradiation to produce corneal tissue removal A wavelength of 193 nm appeared 
to be optimal, well available in an optical system and causing minimal thermal 
damage (Trokel et al 1983) 
The laser system could be used to create an incision (Marshall et al 1985), but 
reprofiling the cornea by removing a disc of tissue seemed to be very promising 
too (Marshall et al 1986) This technique was termed photorefractive keratectomy 
(PRK) 
The first studies showing results after 6 months of small groups of blind and sighted 
eyes (Taylor et al 1989, Seiler étal 1990a, Zabel et al 1990, Lm et al 1990) were 
soon followed by studies showing the results after 1 year (Seiler and Wollensak 
1991, Sher et al 1991, McDonald et al 1991, Gartry et al 1991, Gartry et al 
1992a, Tengroth et al 1993) After the first application of PRK to treat myopic 
spherical refractive aberrations, modifications in the laser delivery system allowed 
surgeons to treat myopic astigmatism as well (McDonnell et al 1991a, McDonnell 
et al 1991b, Campos et al 1992b, Maloney et al 1993) 

Radial keratotomy as a technique in refractive corneal surgery for myopia and 
myopic astigmatism was pushed aside steadily by photorefractive keratectomy with 
excimer laser Nowadays only the high costs of the technology and therefore the 
high price for the patient can be an argument not to perform photorefractive 
keratectomy 
As an alternative for the highly priced and irreversible laser therapy, implantation 
of a polymethyl methacrylate (PMMA) nng or nng segments into the corneal 
stroma was initiated in the early nineties The advantage of this method is revers
ibility Its limitation however, lies in the relative modest improvement that can 
be achieved only up to about 4 D can be corrected (Schanzhn et al 1997, Ruck-
hofer et al 1998) 

Excimer laser photorefractive keratectomy has proven to be most accurate and safe 
in eyes with a lesser degree of myopia Treatment of eyes with a higher degree 
of myopia requires deeper ablation profiles with subsequently larger wound healing 
effects, leading to more corneal opacities and less accuracy 
Neither myopic nor hyperopic hydrogel intracomeal lenses, found their way to 
human application yet, only animal studies were published in the eighties (Werbhn 
and Patel 1987, McCarey et al 1989) 
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Keratomileusis (a technique in which a superficial stromal lamella is removed, 
reshaped and replaced) had already been applied in the early sixties as a technique 
to correct hyperopia as well as myopia, originally using a cryolath technique to 
reshape the antenor cornea (Barraquer 1964, Krumeich 1983) This technique was 
difficult to perform, required more sophisticated instruments and provided limited 
accuracy 

The introduction of prefabncated corneal lenticules, which could be fixed onto 
the antenor surface of the cornea (epikeratophakia) only found very limited 
application (McDonald et al 1985) 
With the introduction of laser in situ keratomileusis (LASIK) the technique of 
intrastromal refractive surgery was put to new use Lamellar keratectomy tech
niques improved 
Buratto et al (1992) used excimer laser to treat the excised corneal cap in their 
initial studies, but over the years LASIK developed as a technique in which stromal 
tissue under a hinged flap is photoablated (Palhkans and Siganos 1994, Salah et al 
1996) 
Whether LASIK will be the appropnate method of choice for treatment of 
moderate to high myopia in the future is still under discussion (Hersh et al 1998a) 
Intraocular surgical procedures were developed for the treatment of high (and 
moderate) myopia implantation of secondary intraocular lenses in phakic eyes in 
the antenor chamber (angle-fixated or ins-claw-fixated) or implantation of contact 
lenses into the postenor chamber (Baikoffei al 1998, Landesz et al 1995, Zaldivar 
et al 1998) 

Treatment of hyperopia has always been challenging In the late eighties and early 
nineties reports on the treatment of hyperopia with hexagonal keratotomy ap
peared The use of this technique is limited because of the complications that can 
occur due to poor wound healing induced (irregular) astigmatism, glare and 
reduced visual acuity (Basuk et al 1994) 
Lans (1898) may be given the credit to be the first to use thermal effects to steepen 
up the central cornea 
Nearly 80 years later, in 1984, Fyodorov developed a nichrome tip probe This 
probe could be placed into the corneal stroma at 80% depth and produced heat 
to 600oC for 0 3 seconds These high temperatures caused necrosis and relaxation 
of tissue strength The steepening effect, however, was unpredictable and showed 
considerable regression (Neumann et al 1991) 
In the following years, it became clear that corneal collagen shnnkage could be 
induced by application of heat between 550C and 60oC Seiler et al (1990b) 
published the first results of treatment of cadaver- and blind human eyes He stated 
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that the parameters for the blind eyes could be transferred to the living eye. Later 
reports on clinical studies with a follow-up of at least 6 months showed that 
holnuum laser could indeed produce a modest effect in the treatment of hyperopia, 
but regression and the induction of (irregular) astigmatism were of concern (Dume 
et al 1994, Tutton and Cherry 1996, Koch et al. 1997). 
In contrast to the holmium laser, which creates a steepening of the central cornea 
by heat-effects of the nud-penpheral cornea, the excimer laser can change the 
central anterior corneal curvature by removing stromal tissue of the mid-penpheral 
cornea The first expenments earned out with small treatment zones were dis
appointing because of regression (Dausch et al 1993). However, the development 
of new techniques and the improvement of the laser beam have made it possible 
to continue carrying out hyperopic excimer laser treatments. The first reports 
showing more effective results after 6 months and 1 year date from 1997 (Daya 
et al 1997, O'Brart et al. 1997, Dausch et al 1997). 

In the studies of Daya et al. (1997) even hyperopic astigmatism was treated using 
excimer laser. Thompson et al (1993) and Cherry (1996) also treated hyperopic 
astigmatism using holmium laser. Holmium laser treatment of astigmatism how
ever, is disappointing due to regression. 

In conclusion, this "era of technology" has been fruitful for refractive surgery: a 
development from incision surgery to laser refractive surgery was set in motion, 
resulting in more and more perfection. 

Laser technology 

Laser energy can produce three types of effect when it is absorbed by the cornea 
(Wanng 1989): 
• Photothermal; 
• Photodisruption; 
• Photochemical. 
Photothermal effects are induced by heat A temperature nse of 10° to 20° leads 
to photocoagulation. Weaker bonds (like hydrogen bonds) break up and proteins 
denaturate (for example: argon laser of retina). 
When very high radiant densities are used, high temperatures are reached and both 
coagulation and evaporation occur- this photothermal effect is called photovapon-
zation (for example: C02-laser can ablate corneal tissue. If the laser beam is applied 
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with higher irradiance and in a pulsed mode an ablation effect is created with less 
coagulation- (thermal-) effect and more evaporation (excision) effect) 
Photodisruption by means of ionisation is induced by very high irradiance and 
very short pulse duration: electrons are torn from their atomic orbitals and tissue 
is disintegrated into a gaseous collection of ions and electrons ("plasma") (for 
example- Nd:YAG laser). 
The photochemical effect of laser energy can be twofold 
Laser energy can be used in photoradiation therapy, for example to destroy tumor 
cells. The energy emitted by the laser beam brings the molecular derivative that 
had been absorbed by the tumor cell in an excited state, which destroys the cell 
by chemical reaction. 
Laser energy can also be used for photoablation (ablative photodecomposition) 
The energy emitted by the laser beam causes ultraviolet photons with extremely 
high energy to be absorbed at the surface of the cornea. The amount of energy 
is in excess of the intermolecular bonds and causes breakage of the molecules: 
fragments leave the surface at supersonic speed Tissue is removed with minimal 
thermal effect. 
The excimer laser, producing a laser beam of ultraviolet wavelength ( 190-350 nm) 
with megawatt power, has a photoablative effect on corneal tissue. 

Excimer laser 

When using the excimer laser the laser cavity is filled with a combination of gases 
(currently argon and fluoride is used), brought into an excited state by a high 
voltage electrical discharge across the laser cavity (excimer - excited dimer) When 
the excited argon-fluonde (ArF) molecules fall apart, they emit highly energetic 
photons, forming the laser beam. The laser beam escapes from the laser cavity 
through a partially reflecting front mirror in nanosecond pulses. The emitted light 
beam has an ultraviolet wavelength, depending on the gas used 193nm in the 
argon-fluonde excimer laser. The effect of the excimer laser on the cornea 
depends on three types of variables (Wanng 1989)· 

• laser characteristics, wavelength, pulse duration, pulse energy, radiant exposure, 
and peak power, 

• surgeon characteristics· pulse repetition rate, total number of pulses, configura
tion of the emitting laser beam, pattern and sequence in which the pulses hit 
the cornea; 

• cornea characteristics: surface conditions, hydration, depth of penetration of the 
pulse, depth of ablation of a single pulse, total depth of ablation. 
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Laser characteristics 

Longer ultraviolet wavelengths, as produced by the krypton-fluonde excimer laser 
(248 nm), or the xenon-chlonde excimer laser (308 nm), are absorbed by nucleic 
acids and may be mutagenic and are therefore not clinically used Longer wave
lengths produce more thermal effects, which damage adjacent corneal tissue. 
Shorter wavelengths cannot be delivered accurately, because of the limitations of 
the optical delivery system (Trokel et al. 1983, Marshall et al. 1985). 
Pulse duration is dependent on the lifetime of the excited dimer molecule. Shorter 
pulse duration minimises the thermal effect Very short pulse duration achieves 
a very high power per pulse (more than 10 million watts). The pulses must 
produce a uniform delivery of energy, to be able to achieve predictive results 
Radiant exposure is a measure of the energy flux per unit area, also called fluency. 
Optimal fluency exists when minimal exposure achieves optimal removal of tissue 
This happens between 150 and 250 mj/cm2, as expenments have shown. Excess 
energy will create heat effects, shock waves, or photochemical effects (Krueger 
and Trokel 1985). 

Surgeon characteristics 

The surgeon is able to vary some treatment parameten. For example, the pattern 
in which the laser beam ablates the cornea may influence ablation depth. 
High pulse repetition rates (expressed in Hz = number of pulses per second) 
yield higher temperature nses in the surrounding tissue, while accumulation of 
ejected fragments can cause beam inhomogeneity. Low pulse repetition rates 
prolong treatment time and can lead to an increased chance of patient move
ment The ideal frequency is not known exactly: rates between 3 and 30 Hz are 
being used. 

Different excimer laser delivery systems provide different profiles. Slit masks can 
be used to create incision-like keratotomies When the slit mask moves in the laser 
beam a different ablation profile can be created (Schroder et al 1987, Hanna et al 
1987, Hanna et al. 1988). Diaphragm masks can be opened or closed to create a 
minus lens effect to treat myopia (McDonald et al 1987) 
Scanning spot laser systems use a small spot beam (2 mm) that scans the corneal 
surface. Because of the prolonged treatment time, an eye tracking system will then 
be required. 

Cornea characteristics 

Hydration of the cornea as well as ablation depth both influence the effect of the 
laser on the cornea. The number of pulses with a known ablation rate per pulse 
defines the total ablation depth. 
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Excimer lasers were initially developed in 1975 and have been used industrially, 

etching silicones and other polymers. Reed et al. (1981) were the first to describe 

the application of excimer laser energy to the cornea. They used a KrF-excimer 

laser on corneal epithelium. 

Trokel et al. (1983) followed by publishing about the effect of ArF excimer laser 

on corneal (cow) tissue. They found that an energy delivery of 1 joule per square 

cm ablates 1 μιη of corneal stromal tissue. 

Munnerlynn et al. (1988) provided equations for the required tissue ablation to 

achieve the required refractive correction. 

Figure 1 shows the effect of myopic photoablation on a pig-eye cornea. 

Figure 1 Pig eye immediately after myopic photorefractive keratect
omy. The effect of the photoablation using an expanding diaphragm 
is shown in the light reflex: ring-shaped structure of corneal stroma. 

Holmium laser 

Changing the refractive power of the cornea by applying heat to the stroma is 

termed thermal keratoplasty. When heat of 50 to 60° is applied to the corneal 

stroma it causes the collapse of the corneal collagen helical structure. Collagen fibrils 

contract to one third of their length, thus creating a change in corneal curvature. 

Coagulates are placed at the mid-periphery of the cornea creating a ring of spots 

(figure 2). 

The Holmium: YAG laser system emits an infrared light (electromagnetic radiation) 

at a wavelength of about 2.10 μηι. 

Different manufacturers provide systems with different treatment modes. 
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Figure 2 Eight white spots on human cornea, immediately after Holmium 
laser thermal keratoplasty. 

Systems differ with respect to emitting wavelength (2.06 to 2.13 μηι), pulse 

duration (200-300 μ50^, pulse power (19 to 35 mj), number of pulses per spot 

(1 to 30), radiant exposure (8 to 35 mj/cm2), number of spots and configuration 

of applied spots (diameter of ring). 

The Holmium laser introduced by Seiler operates while placed in contact with 

the cornea. The laser beam is delivered through a quartz fiber-optic hand piece 

and focussed by a sapphire tip. This tip provides a cone angle of 120° to focus the 

beam 400 μηι in front of the handpiece. The beam diameter is 400 μιη (Seiler et 

al. 1990b, Thompson étal. 1993). 
For coagulation to occur the stroma needs 30 pulses, each 10 to 35 mj per pulse, 
with a pulse duration of 200 μsec and a repetition rate of 4 Hz. 

A constant effect in cadaver eyes was achieved when at least 15 mj per pulse was 

applied. 

The refractive change depended on the diameter of the clear zone: hyperopic 

correction increased linearly from about 1 D to 5 D when the clear zone decreased 

from 9 to 5 mm (Seiler et al. 1990b). 

An alternative system is described by Parel et al. (1994). A non-contact system 

delivers the laser energy through an eight-facet polyprism that splits the laser beam 

into eight individual beams. An 8-spot-ring with small diameter (3 mm) was 
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developed for treatment of myopia, a 5-mm, 6-mm or 7-mm diameter ring for 

hyperopia and a mask was available to cover part of the spots to treat astigmatism. 

The first experiments were performed on human cadaver eyes. The most consistent 

results were obtained when a single-pulse 300-μιη spot with a radiant exposure 

of 18J/cm2was used. Correction of myopia was achieved using a 3-mm diameter 

ring, correction of hyperopia using a nng with a diameter of 5 mm or more. A 

second ring placed outside the first produced an additive effect (Parel et al. 1994). 

T h e cornea 

Anatomy 

The cornea is the crystal clear anterior part of the eye, the continuum of the sclera. 

Its avascularity and very regularly arranged collagen fibers, combined with the very 

high water content provide the cornea its clearness. The histologically distinguish

able parts of the cornea are, from anterior to posterior (Smolin and Thoft 1987): 

1 The epithelium, consisting of about 5 layers non-keratinizing epithelial cells 

with a total thickness of 50 μιη, produces a basement membrane, to which it 

is firmly attached with hemidesmosomes; 

2 The layer of Bowman, together with the epithelial basement membrane referred 

to as Bowmans membrane, 8-12 μιη thickness, acellular, containing mainly type 

V collagen (in contrast to the basement membrane, formed by mainly type IV 

collagen); 

3 The corneal stroma, approximately 500 μιη thick centrally and 1000 μιη thick 

peripherally. Two hundred to 250 lamellae of 2 μιη thickness are formed by 

collagen (predominantly type I, some type II) fibrils, 240-300 A in width. 

Glycosaminoglycans (keratan sulfate and chondroitin) fill the interlamellar space. 

Few keratocytes populate the stroma. These cells are capable of forming new 

collagen and ground substance when repairs are needed, thus showing fibroblas

tic characteristics; 

4 Descemets membrane, the true basement membrane of the corneal endothe

lium, about 10 μιη thick, covers the posterior part of the stroma; 

5 The endothelium is the innermost layer of the cornea. The endothelium has 

a Na-K ATPase-dependent pump, to remove water from the stroma, thus 

providing the cornea its clearness. The endothelium is a monolayer of hexa-
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gonal cells, containing 3 to 5 106 cells at birth (3000-5000 per square mm) The 
number of cells diminishes gradually over the years, due to physiological cell 
loss during the aging process Endothelial cell loss caused by trauma for exam
ple, is followed mainly by reorganization, cellular enlargement and migration, 
because the regenerative capacity of the endothelium is very low The qualita
tive status of the endothelium is described by 
• the number of cells per square mm, 
• the amount of irregular cell boundanes (polymegatism), 
• the amount of enlarged cell surfaces (polymorphism) 

Corneal sensory nerves are provided by the first branch of the trigeminus nerve 
Long ciliary nerves, originating from the ciliary ganglion, penetrate the sclera close 
to the scleral canal of the optic nerve, travelling into the antenor epichoroidal 
space to innervate sclera, episclera and conjunctiva At the area of the limbus a 
circumcorneal plexus is formed From this network 60 to 80 myelinated nerves 
enter the corneal stroma at the limbus in a radial pattern, travelling centrally, thus 
forming a postenor and an antenor network From this latter network fine 
branches perforate Bowman's membrane through channels to end freely in the 
lower cell layer of the epithelium Some branches divide and reach the superficial 
epithelial cell layer The nerves lose their myelin sheath at the entrance of the 
cornea but keep their "Schwanman sheath" up to the end of the nerve (neuntes) 
This sheath is lost in the epithelium where they represent receptor elements 
(axons) The corneal nerves are capable of transmitting sensations of pain, touch, 
cold and heat (Kohlhaas 1998) 

Optical properties 

The cornea, as a "curved window" at the antenor part of the eye, plays an impor
tant role in the refraction of light on a focus at the retina This task is shared with 
the intraocular lens Whether a sharp image is formed on the retina depends on 
the dioptnc power of the cornea as well as the lens, the axial length of the eye and 
the position of the lens in the eye, mostly referred to as the antenor chamber 
depth The refractive properties of the imaging system are based on the refractive 
indices of the different media, as well as the curvature of the refracting medium 
at the interface 

Histoncally, the power of the cornea was obtained by measurement with a 
keratometer Power was determined by converting the measured radius of corneal 
curvature into a dioptnc power by using the single sphencal refracting surface 
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formula Ρ - (n2 — η,) / r. In this formula, r is the radius of the curvature of the 

refracting medium, n 2the index of refraction of the medium and n, the index of 

refraction of air (-1.000) (Katz 1985). 

The first clinical keratometer was developed by Javal. He chose the radius to 

power conversion index to be 1.337, based on measurements by Von Helmholtz 

of the aqueous and vitreous humors (Javal 1891). This keratometer index was later 

changed into 1.3375, in order to equalize a comeal radius of 7.5 mm to a power 

of 45.00 D. This index corresponds closely with the index of refraction of tears 

(1.3376), but differs from the index of comeal epithelium and stroma (1.376). In 

general refraction terms, considering the total power of the cornea, a keratometer 

index of 1.3375 corresponds well with the power, based on the difference between 

the anterior and posterior curvature of the cornea, about +52 D and —6 to —7.5 

D respectively. 

The cornea has an aspherical curve, the central radius being smaller than the radius 

of the peripheral cornea. In the center of the cornea the power is higher than at 

the periphery. This reduces spherical aberration, which is expected in a perfect 

sphere. Parallel rays travelling through the rim of this spherical surface will be 

refracted stronger than the rays travelling through the central part of the sphere. 

A regular comeal surface will produce a more perfect image on the retina. 

A large range of comeal curvatures, more or less regular, is found when the cornea 

of a normal population is imaged by means of computerised comeal topography. 

Based on the projection of rings on the comeal surface, as previously provided by 

Placido in a hand-held system, a computerised system calculates the radius and 

power of some 6000 points of the comeal surface. This system will be discussed 

in more detail later. 

Wound healing effects 

The result of refractive surgery is greatly influenced by the wound healing proper

ties of the cornea. In normal circumstances wounds in the cornea heal by epithelial 

regeneration followed by stromal regeneration. 

The epithelial healing process is characterised by two phenomena. Immediately 

after the trauma comes a phase of epithelial sliding when the epithelial cells from 

the wound margin start covering the wound surface by sliding and enlarging. 

Several hours later, the proliferation phase starts with mitotic activity, cell division 

and centripetal migration (Khodadoust et al. 1968). Transient attachments are 

formed by fibronectin and laminin, which bind to the type IV collagen of the 

basement membrane and to an integrin molecule of the cell membrane. When 
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movement is no longer possible because of contact inhibition, permanent anchor

ing filaments (type VII collagen) are generated. 

Khodadoust, using electron microscopy, already showed a difference between 

epithelial removal without damaging the basement membrane and epithelial 

removal combined with a superficial keratectomy When keratectomy also oc

curred, the epithelial cells initially deposited a layer of amorphous material on the 

exposed stroma It was only after several months that tight hemidesmosomal 

adherence to a regenerated basement membrane was shown (Khodadoust et al 

1968) 

Stromal keratocyte loss occurs following epithelial removal (or superficial keratect

omy) (Hanna et al. 1989) This phenomenon has been observed in rabbits as well 

as in monkeys. Loss of keratocytes does not depend on presence or absence of 

Bowman's membrane (Campos et al 1994a). If epithelial removal is performed 

with an adjuvans (ethanol 100%, proparacaine 0.5% or cocaine 4%) stromal kerato

cyte loss was significantly higher using ethanol or proparacaine, as was shown 

histologically at 24 hours after injury (Campos et al. 1994b) After manual removal 

of the epithelium loss of keratocytes occurred in the superficial (100 μ) stromal 

layer, which can be shown using confocal microscopy. After 3 weeks the kerato

cytes started to reappear (in rabbit eyes) Over the next 3 weeks to 3 months the 

fibroblasts, initially found in the antenor stromal layers, are replaced by keratocytes 

(Moller-Pederson et al 1998) 

More recently it has been shown using quantitative TUNEL assay (Wilson and 

Kim 1998) that the process of superficial keratocyte loss is caused by apoptosis, 

programmed cell death It is postulated that this process is part of a defence mecha

nism to protect the corneal stroma against the release of degradative enzymes and 

other cellular components that would damage the surrounding tissue. 

The occurrence of epithelial cellular hyperplasia in corneal thinning diseases has 

been demonstrated to be a response to stromal loss This is assumed to be the result 

of the existence of a balance between basal cell proliferation and upper cell exfolia

tion, possibly under influence of eyelid movements (Dillon et al. 1992) 

Following penetrating trauma of the corneal stroma the location of the injury is 

filled with a fibnn plug, which is invaded by polymorphonuclear granulocytes 

(PMNs). Keratocytes become active and secrete collagens (mainly type II) and 

glycosaminoglycans (mamly keratan-sulfate) (Tuft et al. 1987). 

Loss of keratocytes and invasion of leucocytes also accompany superficial keratect

omy. After re-epithelialization the number of PMNs diminishes over the first 2 

months. Keratocytes develop a fibroblast-hke appearance and actively start produc

ing new collagen and ground substance. 
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New collagen formation can be demonstrated with a fluorescent dye, DTAF 
(dichlorotnazylammofluorescein). This dye stains new collagen in situ, which 
allows it to be recognized. 
Following mechanically performed superficial keratectomy newly formed collagen 
was demonstrated subepithehally, proceeding from the penphery to the center. 
Collagen deposition and epithelial hyperplasia allow for shallow wounds to be 
restored and deeper wounds to be remodelled, although the latter tends to be 
incomplete. This process of collagen deposition and proliferation of the epithelium 
will start only after re-epitheliahzation. 
No connective tissue deposition has been demonstrated in cases of intrastromal 
keratectomy (Tuft et al 1989) 
Although Hanna demonstrated transient changes in the postenor corneal stroma 
and endothelium following a superficial keratectomy performed with excimer 
laser, only very deep keratectomies are considered to cause damage to the endo
thelium, as will be discussed later (Hanna et al 1989). The effects of surgical 
procedures on the endothelium always give cause for concern, as its regenerative 
ability is very limited. 

Whether recovery of corneal sensation and regeneration of corneal nerves occur 
following disruption of the corneal innervation by excision or incision of the 
corneal tissue, depends on the depth and the kind of trauma. 
Recovery of corneal sensitivity after an incision is dependent on the depth of the 
incision In shallow circular incisions (less than half of the thickness of the cornea) 
the recovery of sensitivity starts from the persisting reduced subepithelial plexus 
and basal epithelial leashes as well as from regenerating neurons from stromal 
nerves that had been spared. If the incisions are deeper, stromal trunks are severed 
on a deeper level too and regeneration starts at the remains of these stromal trunks 
or at the intraepithelial axons (Chan-Ling et al. 1990). 

During the first month after the incision or excision a degeneration of the 
intraepithelial neuntes and the subepithelial plexus can be seen within the wound 
area. Large caliber neuntes, denved from the intact subepithelial plexus at some 
distance from the wound margin (wound onented neuntes) start to appear. After 
one month these neuntes degenerate and second-generation neuntes start to 
develop from the transected stromal trunks, forming a plexus of subepithelial axons 
(Rozsaeid/ 1983) 
Within 1 month after mechanical epithelial removal, corneal sensitivity is restored 
(Ishikawa et al 1994). A penod of one month of hyposensitivity was observed after 
excision of superficial corneal stroma (Campos et al. 1992a). Dunng the following 
months a decreased sensibility can still be observed, although nerve regeneration 
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has started in this period. After about six months, corneal sensitivity is completely 
restored. 

The cornea after excimer laser photorefractive keratectomy 

In photorefractive keratectomy (PRK) the cornea is "reshaped" by photoablation 
of corneal tissue. Using PRK for the treatment of myopia the central cornea is 
flattened by the photoablation in order to reduce refractive myopia. This is 
achieved by a slowly expanding diaphragm, admitting more laser pulses on the 
central cornea than on the peripheral cornea, thus removing more tissue centrally 
(figure 3). Depending on the amount of myopia to be corrected, tissue is taken 
from the anterior central cornea. Higher corrections require deeper ablations; 
larger treatment zones require deeper ablations as well. In order to be able to 
perform higher corrections on larger treatment zones, modifications are made on 
the ablation profile. A smooth transition from the central zone to the untreated 
cornea is created. 

Figure 3 Human eye immediately after myopic PRK, showing the epithelial 
defect and the photoablative effect of the excimer laser treatment 

17 



Chapter 2 

It has been demonstrated, that photoablation with a 193 nm excimer laser pro

duces a very smooth surface without evident thermal effects, suggesting that 

predictable changes in the corneal curvature could be made (Trokel et al 1983, 

Marshall et al 1985, MarshaU et al 1986) 

The effects of collagen repair have been studied in expenments using rabbits 

following photoablation of 75 μιη corneal tissue. After 1 and 2 months a clinically 

distinguishable subepithelial haze (corneal opacity) was seen. 

Light microscopy showed hyperplastic epithelium; subepithelially an irregular 

onentation of corneal lamellae was seen in combination with normal numbers of 

keratocytes without inflammatory cells 

Also subepithelially a layer of newly formed collagen was demonstrated (after 

DTAF staining of pre-existent collagen). At the base of the photoablated tissue 

the basement membrane was of irregular thickness (50-150 μιη) and subepithelially, 

a poorly organized layer was seen containing 25-30 μιη diameter collagen fibrils 

In order to obtain corneal transparency the cross sectional diameter of the fibers 

is restricted and the interfibnllary spacing needs to be regular The different kerato-

cyte organization and collagen deposition, the different types of collagen fibers as 

well as the altered cross linkage between the fibers are all likely to cause different 

physical properties, leading to clinically visible corneal haze (Tuft et al 1987). 

In a later study comparing the effect of different ablation depths (15, 50, 75 μιη) 

and different ablation profiles (a rectangular or a graded profile) after 1 and 3 

months using rabbit corneas, new collagen deposits were found in all ablation 

depths, proceeding from the penphery to the center. This resulted in greatest 

accumulation of collagen at the penphery of the excised button, even more clearly 

visible after a rectangular shaped keratectomy. Epithelial hyperplasia and newly 

deposited stromal collagen are two complementary findings in restonng shallow 

wounds (15 μιη) and remodelling deeper wounds (50 μιη, 75 μιη) (Tuft et al 

1989) 

In contrast with this finding, Goodman et al. (1989) suggested that collagen syn

thesis was only found following deep keratectomy by excimer laser (100 μιη). No 

new collagen was found in ablation depths of less than 60 μιη. Hanna et al. (1989) 

however, confirmed the production of new extracellular matnx 6 days after a 60-

μιη photoablation of 24 rabbit corneas. In these specimens even a change in the 

postenor stroma as well as in the endothelium was found, though transient. 

Photorefractive keratectomy of-2 D (11 μιη), —4 D (23 μιη) and —8 D (46 μιη) 

with a treatment zone of 4 mm performed on monkey eyes showed clinically 

visible haze in 27 out of 29 corneas after 6 weeks. After 9 months, this haze was 

visible in 8 out of 11 corneas, only one cornea showing more than a trace haze 
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however. The reduced number of keratocytes in the antenor 30-50 μιη of the 

cornea observed immediately after PRK, increased again over the following 3 

weeks The activity level of the keratocytes also rose during this penod The more 

hazy corneas showed more activity by the keratocytes during the first 6 months. 

After 9 months the keratocytes were quiescent (Fantes et al 1990). 

Taylor et al. (1989) were able to study the effects of photoablation of 35 to 60 μιη 

on 4 human eye specimens with a treatment zone of 3 and 4 mm. Minimal 

adjacent tissue damage was seen, no inflammatory cells were found 2 weeks after 

the treatment and active keratocytes as well as increased protein synthesis were 

shown after 4 months 

The corneal endothelium is generally not within the reach of the photoablative 

effect of the 193 nm excimer laser. However, damage at the level of the endothe

lium can occur for example by shock waves or high temperature. Marshall et al 

(1985) showed that excimer laser indeed had an effect on the endothelium when 

incisions were made within 40 μιη distance of Descemet's membrane: the mem

brane was stopped of endothelial cells. Later studies showed that no endothelial 

damage occurred in a rabbit cornea following photoablation of 25 μηι stroma, or 

after photoablation up to 130 μιη stroma of a monkey cornea (Marshall et al 1986, 

Manhallei al 1988). 

Hanna et al. (1989), however, found transient ultrastructural and immunohisto-

chermcal changes in the posteoor stroma as well as in the endothelium following 

photoablation of 60 μιη on rabbit cornea. A fibrogranular substance of unknown 

ongin was found to travel from posteoor to anteoor in Descemet's membrane 

between 6 days and 100 days 

Companson of endothelial cell count before and after PRK (for —2 75 D up to 

-10.50 D (mean -5 80 D), with a calculated depth of 18.5 to 49.8 μιη (mean 37 8 

μιη)) in a prospective study of 26 human eyes, showed no significant differences 

after 1 and 12 months (Amano and Shimizu 1993). 

Carones et al. (1994) studied the endothelium in 76 human eyes, 3 and 12 months 

after PRK for -1.75 D to -13.50 D (mean -6.6 D). They found no significant 

changes in cell density, a significantly decreased cell polymorphism in the peood 

bçtween 3 and 12 months and an increased number of hexagonal cells after 12 
months. A relation between the amount of correction (depth of treatment) and 
the endothelial cell changes was not found 

Mardelli et al (1995) found no significant differences in endothelial cell parameters 
before and after 38 months after PRK for -1.5 D to -8.0 D (mean -3.8 D) in 35 
human eyes. 
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In the same study 100 untreated eyes were compared with 100 eyes, 33 months 

after PRK for -1 D to -9.25 D (mean -3 9 D) The PRK-treated eyes showed 

a decrease in polymegatism and no significant change in cell density and pleimor-

phism (Mardelli et al. 1995). 

The fact that contact-lens wear is discontinued in most of the eyes treated by PRK 

contributed to the stability of the endothelial quality and the improvement of the 

endothelial aspect. 

After epithelial removal by excimer laser, hypersensitivity was observed during an 

initial penod of 1 week to 2 months A significantly higher density of regenerated 

intraepithelial nerves was found on day 32 after the excimer laser ablation of 

epithelium. This was shown by a study performed on rabbit eyes (Ishikawa et al 

1994). 

After a deep photoablation/excision of corneal stroma (more than 100μ) however, 

decreased corneal sensation can be observed dunng a penod lasting two years 

(Kohlhaas et al. 1994). A longitudinal study on 10 eyes after 6 D-PRK showed 

a significant drop in central corneal sensitivity after 1 and 2 weeks, which stabilised 

after 1 month Recovery of sensitivity was found only after 12 months (end of 

study). Transverse study showed no relation between the depth of the photoabla-

tion and the loss of sensitivity in these corneas, following removal of 26 to 78 μιτι 

by PRK. The measurements were taken with a new non-contact corneal 

aesthesiometer (Murphey et al 1999). 

Several authors have observed a difference in the speed of corneal nerve regenera

tion after excimer laser trauma or other types of trauma, suggesting a quicker 

healing response in corneal damage caused by photoablation (Ishikawa et al 1994, 

Trabucchi et al 1994) 

Early reports have demonstrated that intensive local or systemical corticosteroid 

therapy not only reduces the number of fibroblasts around corneal wounds but 

also reduces the deposition of new collagen and delays wound healing (Polack and 

Rosen 1967, McDonald et al 1970). 

Tuft observed that stromal haze and the thickening of the subepithelial layer with 

new collagen after keratectomy could be reduced by local steroid treatment in 

rabbit eyes (Tuft et al 1989). 

A significant reduction of the inflammatory response, demonstrated by counting 

the numbers of PMNS after a 5.5 D photorefractive keratectomy on a 5 5-mm 

treatment zone diameter and after mechanical de-epithehalization was found when 

local corticosteroids were applied (Campos et al 1993). 
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Gartry et al (1992b), however, could not demonstrate this supposed effect of 
steroid treatment In their study they compared two treatment groups, a —3 D 
group and a - 6 D group, that were randomly treated or not treated with local 
corticosteroids 3 months after the operation During these months a consistently 
different change in refraction between the two groups was found but this differ
ence disappeared after 6 months No differences were observed as far as the degree 
of corneal stromal haze was concerned 

Treatment with locally applied corticosteroids dunng six months was compared 
with controls (no steroid treatment) over a penod of 12 months A hyperopic shift 
was seen in the treated group, but this effect was reversed when treatment was 
stopped (O'Brart et al 1994b) 
The length of the treatment penod influenced the effect of locally applied dexa-
methasone Treatment lasting 3 months showed significantly less regression after 
12 months compared with a 5-week treatment penod (Tengroth et al 1993) 
Generally, local steroids are given as postoperative treatment after PRK dunng the 
first 3 months at the most 

Exposing rabbit eyes to ultraviolet-B light after excimer laser PRK can induce an 
enhanced corneal stromal wound healing reaction as was shown by Nagy et al 
(1997) using biomicroscopy and histology 

The cornea after holmium:YAG laser photothermal keratoplasty 

Biomicroscopy of the cornea after holmium YAG laser application generally shows 
a cone shaped opacification at the radiation site The width of the cone is depen
dent on the diameter of the radiant spot, the depth on the focus of the laser system 
Suprathreshold energy (20 J/cm2) was found to produce a transient increase in 
corneal thickness 
Using light microscopy a short-term effect on the cornea lasting 4 weeks was 
observed The stroma showed a wedge shaped disturbance of architecture after 
application of therapeutic doses Suprathreshold amounts of energy (> 15 J/cm ) 
caused pyknosis of keratocyte nuclei 
Endothelial injury, focal endothelial swelling, and subendothehal fibrous tissue 
formation was seen at increasing (>20 J/cm2) energy levels (Moreira et al 1993) 
Tissue shnnkage was found at a radiant exposure of more than 10 J/cm Maxi
mum total volume of shnnkage was found to occur at 15 4 J/cm2 (Ren et al 
1994) 

21 



Chapter 2 

Methods of examination 

Visual acuity 

Visual acuity 
Visual acuity is measured subjectively and generally expressed in Snellen lines. In 
1862 Snellen had developed a test chart, showing figures decreasing in size. The 
letter size progresses loganthmically with a factor 1.2589. The chart was based on 
the finding that most emmétropes have a threshold angle of one minute of arch 
to discriminate between two objects. Visual acuity is defined as the distance at 
which a letter is read, divided by the distance at which it should normally be read 
(Katz 1985) The line with the smallest figures read without correction (be it 
glasses or contact lenses) is to represent the uncorrected visual acuity (UCVA). The 
visual acuity measured with glasses after optimal subjective correction is called the 
best spectacle corrected visual acuity (BSCVA). In eyes showing corneal irregularities 
without opacification a contactlens-corrected visual acuity can give information 
on the influence of these corneal irregularities on visual acuity. If visual acuity is 
still diminished or subnormal under optimal correcting circumstances, corneal 
opacification or other pathology in the eye might be the cause. 
Visual acuity can be expressed in decimals, as well as in fractions of the distance 
on which the optotype should normally be read 

The mean of the Snellen visual acuity cannot be used to present aggregate data 
of mean visual acuity (Holladay and Präger 1991). The true mean (geometrical) 
visual acuity is calculated by taking the average of the loganthmical values, which 
is then converted into Snellen visual acuity by taking the antiloganthm. Holladay 
and Präger point out that neither the arithmetical mean, using the decimal 
(Snellen) values, nor the anthmetical mean of the minimal resolution angle (the 
denominator of the Snellen notation) is a correct mean value 

Contrast sensitivity testing 
Contrast sensitivity testing can give information on the loss of visual acuity in cir
cumstances of diminished contrast Diminished contrast sensitivity can be caused 
by haze: a correlation between loss of low contrast sensitivity and the amount of 
back-scattered light has been found three months after PR.K (Lohmann et al 
1993). 
Forward scatter of light causes irradiance of the retina. When scattered light 
exceeds focussed light, glare disability becomes a problem Glare disability can not 
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only be caused by an irregular corneal surface or by corneal opacities, such as haze 
after PRK, but also by soft or hard contact lenses with surface deposits or scratches 
Loss of low contrast sensitivity is observed in these cases, as well as in tear film 
anomalies (Lohmann et al 1993). 

Glare testing 
Glare testing devices have been developed, but they have to be used with an 
intense light source to cause the light to be scattered (Ghaith et al 1998). Van den 
Berg (1986) developed a more superior device to measure forward scatter under 
photopic viewing conditions 

Subjective refraction 

Subjective refraction is the assessment of the refractive anomaly of each eye 
separately, measured subjectively Refraction is expressed in a spherical compo
nent, a cylindrical component, and an axis related to the cylindrical component 
Conventionally the cylinder is expressed in a negative form. However, this 
formula can easily be changed into one with a positively expressed cylinder. This 
frequently happens in the calculation of the induced cylinder after refractive 
surgery. Subjective refraction can differ from objectively measured refraction as 
a result of accommodation, inability to accept maximum cylinder correction 
subjectively or difficulty to obtain the optimal subjective correction due to subnor
mal visual acuity. Care must be taken to rule out accommodation in the younger 
patient, to ensure that the most hyperopic refraction is obtained. Cycloplegia rules 
out accommodation therefore giving a "cycloplegic refraction". 
In the representation of the results of refractive surgery the refractive error can be 
expressed in a spherical equivalent, calculated by adding half of the cylindrical 
correction to the spherical component. 

Objective refraction 

Objective refraction may be taken by instrument or by streak retinoscopy: prefera
bly the measurement is taken in cycloplegia, in order to minimize the effect of 
accommodation. A sphencal and a cylindrical component are given as well as the 
axis of the cylindrical component. 
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Keratometry 

The keratometer measures the antenor curvature of the cornea, by measuring the 
radius of the most antenor part of the cornea, the tear film. Measurements are 
taken from the steep meridian, as well as from the flattest meridian. 
Each measurement represents a mean of two, on either side of the center, 3 mm 
apart The corneal radius can be converted to a dioptric scale by using the "single 
spherical refracting surfaces" formula, in which the index of refraction of air 
(1 000) is subtracted from the index of refraction of "cornea'Xl .3375) and divided 
by the radius of curvature in millimeters to obtain the dioptric value. 
Thus a "power" of the comea can be given in two perpendicular meridians an 
indication of the cylmdncal shape of the cornea. The keratometer measurement 
assumes a regular cornea, either sphencal or cylmdncal. 
A limitation of keratometry is the impossibility to represent irregulanties of the 
cornea on a qualitative level 

Corneal topography 

Nowadays, computensed topography of the surface of the cornea can assign 
qualitative properties to the cornea. Based on projection of 15 or more Placido 
rings on the comea, centered on the visual axis, an image is taken on which 6000 
to 11000 points are positioned. At each of these points a reconstruction algonthm, 
based on the distance from the central reference point, makes it possible to cal
culate the corneal curvature (Corbett et al 1994a). The radius of curvature may 
be measured as either of 2 values, an instantaneous or an axial radius. The instanta
neous radius at the reference point is given by the distance between the surface 
of the comea to the center of its curvature, measured perpendicular to the comea 
(mm) The axial radius is given by the distance between the surface of the comea 
and the optical axis, measured perpendicular to the surface of the cornea These 
values can be converted to corneal power, giving either instantaneous or axial 
power. A theoretical relationship between the two exists Klein and Mandell 
(1995) found axial power at each point to be equal to the average of the instanta
neous powers from the axis to the reference point. 

So, in both methods a representation of the "surface normal power" of the comea 
is given. 

A topographical map providing data on instantaneous power is also referred to as 
"tangential" A tangential representation is theoretically more accurate than an axial 
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topographical map. An axial power measurement is based on corneal slope, while 
the instantaneous corneal power measurements are based on corneal curvature. 
The difference between calculated powers of the comea based on measured radii 
can be converted into a true refracting power, taking into account the spherical 
aberration component or the gradual increase in refracting power towards the 
penphery of the cornea. The refracting power of the cornea 5 mm from the centre 
is about 3 D higher than at the center because of the more oblique intersection 
of the rays (Holladay 1995). 

For quantitative descnption of corneal topography the following values are 
described: 
• Simulated K-reading (Sim-K): computer calculated mean power measurements, 

taken at two perpendicular meridians, simulating the power at a flat and a steep 
meridian. The Sim-K value is a tool to be able to make a companson with 
manual keratometer readings. A high correlation between the two modes of 
measurement has been shown (Wilson and Klyce 1991a); 

• Surface asymmetry index (SAI): centrally weighted summation of differences 
in corneal power between corresponding points 180° apart on the photokerato-
scopic mires over 128 equally spaced meridians over the entire comea This 
index was found to have a relatively low correlation with BSCVA (Wilson and 
Klyce 1991a); 

• Surface regularity index (SRI)· a measurement of the (ir) regularity on each of 
256 hemimendians within ±3 mm. This index proved to be highly correlated 
to BSCVA (Wilson and Klyce 1991a, Lin 1994), 

• Corneal asphenty is a calculation over a surface of 4 5 mm. The normal value 
is -0.26, indicating flattening towards the penphery (a prolate contour) (Holla-
day 1995). A cornea following myopic PRK achieves a positive asphencity: 
expressing an oblate optical contour (Hersh et al 1996b) 

The shape of the normal comea has been classified (Bogan et al 1990, Corbett et 
al 1994b). 
Analysis of the corneal topography after excimer laser photorefractive keratectomy 
makes it possible to provide a classification of the resulting ablation patterns. These 
patterns are based on the differences that can be seen on the topography maps 
before and after treatment (Lin 1994, Hersh 1997a): 
• homogeneous, 
• tonc-with-axis (mendionally symmetnc treatment zone, >0 5 D difference 

between 2 mendians), 
• tonc-against-axis; 
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• semicircular (>1 D, >1 mm less flattening in one meridian); 
• keyhole (>1 D, >1 mm less flattening extending in from the penphery); 
• central island (central steepening >1 D power, >1 mm in diameter), 
• irregularly irregular (>1 area, >0 5 D >0.5 mm of less flattening), 
• focal topography vanant (a single irregularity <1 D, <1 mm of less flattening). 

Apart from this, decentration of the treatment zone can be defined. 
The amount of decentration is calculated on the basis of the differences that can 
be seen between the topographical maps before and after the PRK This value 
describes the distance between the center of the flat zone to the corneal vertex or 
to the center of the pupil. 

Biomicroscopy 

Biomicroscopy is used to assess the clearness of the cornea, using a microscope 
with slit lamp illumination. After excimer laser photoablation, an antenor corneal 
opacity (haze) may be seen. A grading system is provided to be able to compare 
different studies or to assess one cornea over time (Fantes et al 1990)· 
• grade 0: totally clear cornea, no opacity can be seen by any method of slit-lamp 

microscopic examination; 
• grade 0 5 a trace or faint corneal haze is seen only by indirect broad tangential 

illumination; 
• grade 1· haze of minimal density is seen with difficulty using direct and diffuse 

illumination; 
• grade 2" a mild haze easily visible with direct focal slit illumination, 
• grade 3: a moderately dense opacity that partially obscures ins details; 
• grade 4: a severely dense opacity that completely obscures the details of the 

intraocular structures. 
Methods that enable objective measurement of the amount of corneal opacity are 
presented by Braunstein et al. (1996), Corbett et al. (1996) and Maldonado et al. 
(1996). The methods used are scoring gray-scales on images, taken by video 
camera under standardised illumination. 
Lohmann et al. (1991) discriminate between reflected light and scattered light, in 
order to be able to distinguish subjective and objective signs 
The effects of holmium laser surgery are usually located in the (mid-) peripheral 
cornea, stretching from antenor to about two-thirds into the stroma. 
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Pachymetry 

Pachymetry is used to obtain measurements on the thickness of the cornea. A 
minimal corneal thickness is required before excimer laser ablation. After excimer 
laser ablation of corneal stroma the pachymeter can give information on the 
resulting corneal thickness. 

Presentation of results of refractive surgery 

Application of data on refraction and visual acuity 

Spherical equivalent (SE) 
Mean, standard deviation and range of postoperative sphencal equivalent (SE) can 
be given The number of eyes (percentages) which achieved a SE within ±1 D 
or ±0.5 D of the desired postoperative error or of emmetropia can be given. 
Information can be given on the number of eyes that achieved an overcorrection 
of 1 D or more, this value is especially of importance for corrections of myopia 

Astigmatic component 
In procedures in which a sphencal correction was aimed at, the change in astigma
tism is of concern. In procedures in which an astigmatic change is goal of the 
treatment a proper assessment of the result must take place. 
Preoperative cylinder component can be compared with postoperative cylinder 
component. Astigmatism, however, is represented by two different parameters, 
the power of the cylinder in diopters and the direction of the axis of the cylinder. 

Axis of cylinder of refraction 
Changes in axis direction can be expressed by giving the number of eyes with a 
change of axis of more than a specified amount of degrees (10°, 15°, 20°, etc). 
A change counter-clockwise is expressed as a positive change, a change clockwise 
is expressed in a negative value. The problem with this is that in the notation of 
refraction an axis of more than 180° acquires a notation between 0 and 180° by 
convention. 
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Vector analysis 

The difference between the preoperative amount of astigmatism and the postopera

tive astigmatism can be calculated by vector analysis. This leads to the difference 

vector, represented by power and axis direction. This difference vector is the 

resultant of two plano-cylmdncal lenses: if A is the preoperative cylinder (power 

and axis) and Β is the change in cylinder, then C is the resultant cylinder. To 

acquire B, A is subtracted from C In practice, both cylinders are expressed in plus 

cylinder form Then two cylinder trial lenses can be used in a lensometer Of the 

preoperative cylinder lens the lens with opposite power (minus instead of plus) 

is taken. The difference vector is read in power and axis direction (Wanng 1992b) 

This difference vector expresses the surgically induced cylinder (SIA), measured 

at the spectacle plane. 

The difference in power and direction can also be expressed as a "change in 

power": the axis is converted into a meridian, and notation is proposed with @: 

+ 1.00 χ 90° - +1.00 @ 180° (Holladay et al 1992). However, this notation still 

refers to a change in power at the spectacle plane, in contrast to the fact that real 

change in power occurs at the corneal plane 

Visual acuity 

Postoperatively measured uncorrected visual acuity (UCVA) can be used to express 

the number of eyes (or percentage of eyes) that achieve a visual acuity of 0.5 or 

more (the driving license limit), 0.8 or more, or at least 1.0. The mean postopera

tively acquired UCVA can be related to the mean preoperative BSCVA: the 

efficacy-index. The postoperative BSCVA can be used to express the number of 

eyes that lose 2 or more lines of visual acuity. A change of 2 lines or more is 

considered to be clinically significant The mean postoperative BSCVA can be 

related to the mean preoperative BSCVA. the safety index (Koch et al. 1998). 

Presentation of results of refractive surgery 

Refractive surgery is delicate surgery, generally performed on otherwise healthy 

eyes with excellent visual acuity The surgeon has to be able to give the patient 

adequate information on the possibilities and risks, related to the proposed treat

ment method. He also has to be able to decide which treatment method seems 

the most appropnate. Therefore, it is necessary to present the results of refractive 

surgery in a comprehensive, reproducible way. A standard for presentation of data 

of refractive surgery has been proposed by Wanng (1992a), and has been widely 

accepted. 
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Predictability, efficacy, stability, safety are the main parameters to be presented 
Information on adjustability and reversibility can be added to this Contrast 
sensitivity and glare acuity scores represent quality of vision. Patient satisfaction 
is a subjective parameter. Complication rate also needs to be mentioned. 
Complexity and costs of the procedure can be referred to in companson with 
treatment using other modalities (Wanng 1992a, Koch 1995, Koch et al 1998). 

Efficacy 

The efficacy addresses the postoperative state of the patient. 
Concerning the uncorrected visual acuity (UCVA), the percentage of eyes with 
UCVA of 0.5 or more, or 1.0 or better may be expressed. 
The efficacy index, defined as the ratio between the mean postoperative UCVA 
and the mean preoperative BSCVA may give an indication of the efficacy of the 
treatment, especially m cases where the preoperative VA was subnormal. 

Predictability 

Predictability refers to the accuracy of the treatment method, and hence the ability 
to successfully predict the outcome of the treatment. 
The number of eyes may be given in which the difference between the actual final 
refraction and the predicted final refractive goal is less than a fixed number of 
diopters (for example 0.5 D or 1 0 D for lower corrections and 2.0 D for correc
tions of larger numbers of diopters) 
Wanng (1992a) suggests calculating the range of refraction around the predicted 
value that contains 90% of the eyes A small range would suggest a highly predict
able treatment method. This prediction interval can be calculated anthmetically 
Predictability can also be set by applying a 90% confidence interval. This measure 
is calculated for an entire population and based on biostatistical computation based 
on a regression equation that represents the factors affecting the outcome. 
Koch et al (1998) suggest applying mean, standard deviation and range of post
operative refraction (sphencal equivalent) to assess predictability too. 
These latter data may apply more to the terms of efficacy as a measurement of the 
state of the patient than to the predictability as a measurement of the treatment 
method. 

Safety 

Loss of best spectacle corrected visual acuity is a measure of safety of the proce
dure. A loss of 2 or more lines of BSCVA is considered to be a significant loss. The 
number and percentage of eyes must be mentioned. The safety index is 
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determined by calculating the ratio between the mean postoperative BSCVA and 
the mean preoperative BSCVA 

Stability 

The spherical équivalent is followed over a penod of at least 6 months A change 
of 1 D or more is considered to be clinically significant The number of eyes as 
well as the percentage of eyes showing this change may be expressed The same 
can be applied to the other parameters, like astigmatism Some studies compare 
differences in outcome at different time points statistically, using mean values 

Presentation of changes in astigmatism 

In refractive procedures that intend to treat only a spherical component, changes 
in refraction are referred to as "surgically induced refractive change" (SIRC) 
Changes in astigmatism are referred to as "surgically induced astigmatism" (SIA) 
In refractive procedures that intend to change the astigmatic component too, the 
achieved change in preoperative cylinder and axis may be related to the intended 
change 

There are two methods most commonly applied to calculate the surgically induced 
astigmatism after refractive surgery One uses vector analysis, the other polar values 
Naeser and Behrens (1997) used the polar values method This method is based 
on a single reduced figure that represents the astigmatic magnitude in preselected 
directions, usually the plane of the surgical mendian The authors used polar 
values, separated by 45° In this way for example, the influence of the refractive 
surgery on astigmatism in the mendian in "with the rule" direction may be com
pared with astigmatism in the "against the rule" direction 
Vector analysis has been used by Naylor (1968) to calculate differences in astig
matic refractive errors He provided us with a table to find the difference vector 
(magnitude + direction) that represents the difference between two known 
cylinders (power(D) + axis(0)) 

Jaffe and dayman (1975) descnbed the different methods to calculate the surgically 
induced change of the corneal curvature, using vector analysis, rectangular co
ordinates and the law of sinus and cosines They calculated the surgically induced 
astigmatism in 1557 eyes following cataract extraction, using different sutunng 
techniques 
Based on the mathematical concepts of obliquely crossed cylinders and using the 
rectangular coordinate method, Holladay et al (1992) present a calculation of the 

30 



Presentation of results 

surgically induced refractive change (SIRC) following refractive surgery. The 

SIRC of each procedure is calculated individually by subtracting the preoperative 

refraction from the postoperative 

Later the authors advocate to perform calculations of SIRC after vertexing the 

spherocylindrical refraction to the corneal plane and converting it to power form 

in perpendicular meridians, using the formula (Holladay et al 1998): 

refraction corneal plane - 1000 χ refraction spectacle plane (D) / 1000— refraction spectacle 

plane (D) χ vertex (mm) 

In addition to this they advocate correcting keratometer data to "front surface 

power", when studying procedures that change the antenor surface of the cornea. 

Keratometer data, denved from a keratometer, using a refraction index of 1 3375 

should be increased with 11.14%. This correcting factor is based on the index of 

refraction of the cornea (1.376), because the change took place in this medium. 

To analyse and report aggregate data, reporting the following information is 

suggested (Holladay et al. 1998)· 

• The sphero-eqmvalent (SE): 

• mean, standard deviation, standard error of the mean, correlation coefficient; 

• statistics and graphs of analysis of procedures in which no induced astig

matism was intended; 

• data displayed on a plot with time represented on x-axis in a logarithmic 

scale. 

• The sphero-eqmvalent of the SIRC 

• statistics and graphs as above; 

• desired SE of SIRC plotted versus actual SE of SIRC. a scatter diagram 

which shows individual data; 

• the prediction error: the difference between the desired postoperative refrac

tion (SE of SIRC) and the actual postoperative refraction (SE of SIRC) 

• The magnitude of astigmatism 

• statistics and graphs can be created based on the cylinder component. How

ever, information on axis direction is lost. 

• Vector analysis of aggregate data. 

• after doubling the axis on a vector diagram, all astigmatism data are converted 

to x- and y-values on a Cartesian co-ordinate system. Standard descriptive 

formulas are applied, yielding mean values for χ and y. This represents the 

mean surgically induced astigmatism (SIA); 

• plotting all data in a double angle plot instead of a single angle plot shows 

the tendency more clearly. To be useful for the clinician, the rectangular co

ordinates can be reconverted to the polar system 
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Hersh et al (1999) point out that the evaluation of changes in astigmatism should 

include calculations of the SIA as well as the absolute changes in refractive astigma

tism. 

The authors argue that clinical interpretation of the vector-calculated induced 

astigmatism differs from the statistical interpretation. When SIA is calculated by 

means of vector analysis, both the increases as well as the decreases in absolute 

astigmatism after the operation are included Even eyes with a decrease in absolute 

astigmatism are presented statistically as "changed", although clinically they had 

improved. Moreover, a small change in axis direction (possibly within measure

ment error) may cause a large shift in vector-induced astigmatism, although this 

is clinically irrelevant. For example preoperative astigmatism C-l 00 χ 165° and 

postoperative C-l.00 χ 180° comes down to a vector 0 52 D χ 128° 

Concurrently with the work of Holladay et al (1992), Alpins (1993) presented his 

work on the analysis of changes in astigmatism (Figure 4). 

He also uses rectangular co-ordinates to calculate difference vectors He defined 

surgically induced astigmatism (SIA), as the value that results from a vector diagram 

in which the axes are doubled. The SIA is the vector that connects the preopera

tive vector with the postoperative vector 

In addition to this he defined targeted induced astigmatism (TIA) as represented 

by the vector that connects the preoperative vector with the vector that represents 

the goal of the surgery. The difference vector connects the TIA- and SIA-vector 

These vectors, the SIA and TIA, are compared, which leads to the following 

definitions: 

• a coefficient of adjustment· TIA / SIA; 

• an astigmatism correction index: SIA / TIA; 

• an index of success, difference vector / TIA; 

• an angle of error: the angle between TIA-vector and SIA-vector. 

Mean values of these indices may be used in presentations of aggregate data to 

evaluate the methods that were used to correct astigmatism. 

The indices should not be seen as independent values: the index of success may 

be similar in a case in which SIA - TIA but with a large angle of error, compared 

to a case in which SIA is smaller than TIA with a small angle of error. 

A later study involved the effect of treatment, which was intended to change the 

amount of astigmatism, but (be it on purpose or not) was actually performed off 

axis. Alpins introduced a "flattening index" to represent the amount of flattening 

effect, achieved at the intended meridian of treatment: the flattening index -flattening 

effect / TIA (Alpins 1997). 
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90° 

A: Double-angle diagram: The arrows shown are magnitude and axis 

direction of preoperative cylinder, postoperative cylinder and the aim of the 

treatment. Dotted lines express targeted induced astigmatism (TIA), 

surgically induced astigmatism (SIA) and the vector connecting the final 

cylinder and the targeted cylinder (difference vector). 

SIA 

180° 

• ΠΠΑ 

Difference 
vector 

M. 

B: Vectors of TIA and SIA and the difference vector, plotted in single 
angle diagram. 
Arrow indicates angle of error 

Figure 4 Diagrams explaining vector analysis of changes in astigmatism 
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The misalignment of astigmatism treatment influences the effect of the treatment. 
Alpins (1997) provided the mathematical proof and supplied graphs on the effect 
of misaligned treatment. If the TIA - SIA, an angle of error of 7° leads to a 
residual astigmatism of 25%; an angle of error of 10° leads to a residual astigmatism 
of 52% of the preoperative astigmatism. An angle of error of 30° leads to 100% 
residual astigmatism. 

An axis rotation occurs simultaneously: a 10° axis misalignment leads to 40° axis 
shift, 30° misalignment leads to 30° axis shift and 45° misalignment leads to 22.5° 
axis shift. 
In a 30° axis shift, the percentage of residual astigmatism remains 100% of the 
initial astigmatism with an axis shift of the resultant vector of 30° (Alpins 1997). 
In a 45° axis shift, the percentage of residual astigmatism increases to 141% of the 
initial astigmatism with an axis shift of the resultant vector of 22.5°. 
Stevens (1994) studied the theoretical effects of axis misalignment in astigmatic 
excimer treatment too. He provided tables and graphs, comparable to those 
supplied by Alpins (1997). In addition to this, he also calculated the effect of axis 
misalignment on the amount of astigmatism reduction and on axis change when 
the cylinder was partly corrected at the same time. 

Excimer laser, review of the literature 

Results ofPRK 

Correction of myopic spherical enors, treatment results ofPRK 

Numerous studies reporting on the treatment of spherical refractive errors using 
PRK can be found in literature. An overview is given in table 1, showing results 
after a follow-up of at least one year. 
These studies, presenting data after a follow-up of at least 1 year show that myopia 
up to 5 or 6 D may be corrected to a spherical equivalent within ID of emmetro
pia or intended refraction in about 80 to 90% of the eyes treated by PRK. 
A gradually diminishing accuracy is found in correcting higher amounts of myopia 
(Gartry et al. 1992a, Tuunanen and Tervo 1998). Myopia of 6 to 8 diopters can 
be corrected within 1 D in 65 to 80% of the eyes according to Piebenga et al. 
(1995) and Tuunanen and Tervo (1998). Gartry et al. (1992a) found 40% of the 
treatments for myopia of-6 D effective within 1 D. High myopic corrections are 
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presented by Sher et al (1994), Menezo et al. (1995) and Tuunanen and Tervo 
(1998): in 58 to 78% of the eyes correction within 1 D is achieved. In the study 
of Menezo et al (1995), this percentage was 37 for the group with preoperative 
myopia between 11 and 22 D. 
One year after the operation an uncorrected visual acuity of 0 5 or more was 
found in more than 90% in all studies concerning corrections of less than 6 D. 
Two studies involving corrections between 6 and 8 D achieved an UCVA of 0 5 
or more in 68 and 73% of the eyes Where even higher corrections were 
attempted this percentage could decrease to 26% (Menezo et al 1995) 
Loss of BCVA is reported especially in high myopic corrections, ranging from 8 
to 15% after correction of more than 8 D. This percentage decreases to 3 to 9% 
after correction of 6 to 8 D and to 6% at the most after correction of less than 6 
D (table 1). 

Stability of the refractive result occurs after 3 to 6 months (Piebenga et al. 1995) 
However, Epstein et al. (1994a) found statistically significant differences in mean 
refraction, measured after 12 and after 24 months, for all groups, except for the 
group with highest preoperative myopia (5 0 - 7.5 D). These differences were not 
found when mean refraction was measured after 18 months and after 24 months 
Hersh et al. (1996a) found 90% of the eyes treated for myopia of 1 5 to 6 0 D to 
be stable within 1 D when mean refraction after 12 months was compared with 
mean refraction after 24 months 

Hamberg-Nystrom et al. (1996), analysing 457 eyes following PRK for myopia 
up to 7.5 D, found no significant difference in mean refraction measured after 24 
months and after 36 months. 
Hersh et al. (1998a) studied stability following PRK for high myopia (mean 
preoperative refraction —9.3 D) They found 60% of the eyes to be stable within 
1 D, showing no significant difference in mean refraction, measured after 1 and 
after 3 months. Eighty-seven percent of the eyes were stable, showing no signifi
cant difference in mean refraction, measured after 3 and after 6 months. 

Correction of myopic astigmatism, treatment results of PARK 
Studies on the treatment of myopic astigmatism are more difficult to summanse. 
This is a consequence of the diversity in the presentation of the results. 
Treatment of astigmatism is generally earned out in eyes where the cylinder 
component is 1 D or more. 
Tuunanen and Tervo (1998) performed a combined myopic and astigmatic 
correction on 25% of 110 eyes and McCarty et al (1996) earned out PARK in 
62 to 81% of 645 eyes Both groups of researchers present their findings including 
both types of treatments (PRK and PARX) in overall results. A small note on the 
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Table 1 Publis 
Nr 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

First author 

Seder"" 

McDonald"" 

Gartry'"2· 

Tengroth "'3 

Salz"" 

Dutt"" 

Sher"" 

Maguen"" 

Epstein"*" 

Talley"" 

led results (follow-up at least 1 year) of myopia with PRK 
Nr eyes/ 
nr patients 

2 6 / 2 6 

<5D:7/7 
>5D:11/11 

120 / 120 

420 / 420 

160 / 160 

4 7 / 3 9 

48 /38 

240 / 161 

495 / 495 

91 / 9 1 

Treatment 
zone (mm) 

3 

4 2; 5 

4 

4.3; 4.5 

5; 5.5 

5 

5.5; 6.2 

5; 5.5 

4 3; 4 5 

6.0; 7.0 

Nr (%) 
retreat-
ments 

11 

1/85 

Follow-
up in 
months 
(nr. of 
eyes) 

12 (26) 

12(17) 

12 (120) 

12 (420) 

12(71) 

12 (35) 

12 (40) 

12 (149) 

24 (59) 

12 (495) 

24 (495) 

12(85) 

Preop. SE 
(D)±SD 
(range) 

-5, ±... 
(-1.4 to-9.25) 

-5.6 ±0.4 
(-2.3 to -8.2) 

treatment: 
2D (n-20) 
3D (n-20) 
6D (n-20) 
7D (n-20) 

^ . 0 ± 1 . 3 
(-1.25 t o - 7 5) 

-3.6 ±1.5 
(-1 25 to -7.5) 

-3.9 ±1.3 
(-1.5 to -6 1) 

-11 ±... 
(-8 to-15 2) 

-1 to -3.5 
(n-110) 
-3.6 to -7.7 
(n-130) 

^».0±1.26 
(-1 25 to -7 5) 

^t.2±1.4 
(-1 0 to -7 5) 

Postop. SE 
(D)±SD 
(range) 

-0.3 ±0.6 

-0.04 ±0.8 
(-3.8 to 3.6) 

-0.4 ±1.1 
(-4.2 to 2.5) 

0.4 + 0.9 
(-3.0 to 2.6) 

0.7 ±1 7 

-0.5 ±0 8 

-0.4 ±0 8 

0 01 ±0.8 
(-3 5 to 3.6) 

-0.27 ±0.7 
(-4 75 to 2 5) 

-0.15 ±0.65 
(-2 5 to 1.6) 

SE s 
0.5 D 
(% of 
eyes) 

66 

72 

SE s 
1.0 D 
(%of 
eyes) 

92 

5718 

95 
70 
40 
20 

86 

84 

80 

58 

79 

87.5 

93 

UCVA 
i 0 . 5 
(% of 
eyes) 

100 

8618 

90 
78 
63 
25 

91 

91 

94 

60 

89 

92 

91 

98 

UCVA 
ï 1.0 
(%of 
eyes) 

1 1 / 2 3 
eyes 

83 
(VAïO.8) 

37 

48 

44 

Loss 
BCVA 
2 2 lines 
(% of 
eyes) 

0 

0 
2 / 1 1 

0 
0 
0 
3% 

1 

0 

15 

4 

5 

0.4 

3 

Over
correction 
(% of 
eyes) 

5 / 4 9 5 
(>1D) 

Π 



11 

12 

13 

14 

15 

16 

17 

18 

Piebenga"95 

El 
Maghraby"* 

Menezo1"5 

McCarty"* 

Hersh"*-

Tuunanen"*8 

Ozdamar1"8 

Shah1™ 

3 5 / 2 7 

3 3 / 3 3 

133 /103 

645 / 440 

701 / 701 

1 1 0 / 1 1 0 

20 /20 

3218/3218 

5; 6 

5, transition 
zone to 7 

6 

5.0; 6.0 

4.5; 5.0; 6.0 

4.5; 5.0 

6 

7 

6 / 6.5, 
transition 
zone to 7/7.5 

17 
(5%) 

30 
(13%) 

11 
(19%) 

164 

12 (26) 

12(31) 

12 (88) 

12 (45) 

12 (274) 

12 (189) 

12(41) 

24 (612) 

12(110) 

24 (20) 

>6 
(3218) 

-7.2 
(-6 to -8) 

-2.8 ±1.09 
( - I t o - 5 ) 

-9.6 ±1.8 
(-6 to -12) 

-14 7 ±5.3 
(-12.5 to -22) 

-3.4 ±1.1 
(-0.9 to -5.25) 

-7.5 ±1.7 
(-5 4 to-11.4) 

-14.3 ±1 7 
(-11 5 to 
-18.25) 

Att.corr: -4.24 
(-1.5 to-6.0) 
SE:-1.25 to 
-7.25 

^».3 ±1.3 
(-1.5 to-6) 
(n-52) 

-7 0 ±0 7 
(-6.1 to -8) 
(n-34) 

- 9 4 ±1.1 
(-8.1 to-11.5) 
(n-24) 

-3.5 ±1.1 
(-2.25 to 6) 

- 3 75+1.7 
(-1.0 to-11.0) 
107 eyes >7D) 

... ±0.8 

-0.6 ±0.75 
(-2.6 to 0.37) 

-0.56 ±0.7 

-5.5 ±5 

-0.16 ±0.6 
(-1.5 to 2) 

- 0 5 ± 1 3 
(-3.4 to 2.5) 

- 0 4 ± 1 6 
(-4.0 to 3 1) 

-0.1 ±0.5 

# 
- 0 07 ±0.68 
(-5.5 to 4 5) 

58* 

50* 

29* 

80 

73# 

65 

78 

37 

78 

87* 

79* 

67* 

90 

90# 

73 

94 

26 

92 

88 

68 

68 

95 

94# 

58 

26 

33 

8 

0 

0 

2 / 4 5 

6 

9 

4 

5 

0.9# 

31 
(>0.25D) 

38 
(>0.25D) 

67 
(>0 25D) 

SE: spherical equivalent, UCVA: uncorrected visual acuity, BCVA best corrected visual acuity; SD standard deviation, 
C>J *: SE within 0.5 or 1.0 D of intended refraction; #: at "final follow-up" 
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efficacy of PARK can be distilled from the overall results McCarty et al (1996) 
reduced a mean preoperative cylinder component from 1 1 (±0 8) D to 0 6 (±0 7) 
D in the group with high myopia (5 to 10 D), and from 1.3 (±0.1) D to 1 0 (±0 9) 
D in the group with severe myopia. Tuunanen and Tervo (1998) corrected 
1.7(±0.6) D to 1.3(±0.6) D, a reduction in cylinder component of 42 (±28)% 
Kremer et al (1996) and Colin et al (1998) found a higher percentage of reduction 
in eyes where the intended amount of correction of astigmatism was higher- up 
to 81% reduction in cylinder component was achieved when correction ranging 
from 2.75 to 5 D was attempted Zadok et al (1998) however, found PARK to 
be more effective in eyes with moderate astigmatism 91% reduction of absolute 
cylinder was achieved when intended correction ranging from 1.75 to 2.5 D was 
attempted. They achieved 75 (±25)% reduction in astigmatism in a group of 14 
eyes This group consisted of 11 eyes with a preoperative astigmatism of 2 75 or 
3 D, 2 eyes with 4 D and 1 eye with 6 D astigmatism. 

Tabin et al (1996) studied 333 eyes following PARK treatment. They found 
considerable vanance in percentage of astigmatism that was corrected especially 
when the planned astigmatic correction was small In those eyes that were simulta
neously treated for larger amounts of myopia, more vanance in correction of 
astigmatism was found. 
Danjoux et al (1997) performed sequential tone PRK (using an erodible mask) 
and presented results on 43 eyes with a one-year follow-up. They reduced a mean 
preoperative absolute cylinder of 2 0 (±1.0) D (in 59 eyes) to 0 8 (±0 8) D (43 
eyes). Conections of larger amounts of astigmatism appeared to be less effective 
than corrections of smaller amounts of astigmatism, resulting in a significantly 
lower astigmatism conection index (ACI). The difference in ACI between the 
low myopia treatment group and the high myopia treatment group was found to 
be statistically significant after 12 months, the ACI being higher in the last group 
The authors discussed the importance of the ratio of symmetneal versus asym
metrical ablation profiles, suggesting that greater accuracy can be achieved when 
a more symmetneal wound healing response is induced This hypothesis is sup
ported by their finding that the results of treatment of a large amount of astigma
tism in combination with low myopia tend to be less good. 
Where standard deviations or ranges in results are given by the authors mentioned 
above, these values tend to be large- the predictability of conection of astigmatism 
is low. 

Correction of hyperopia by PRK 

In order to correct hyperopia steepening of the central cornea is required Using 
excimer laser, tissue of the mid-penpheral cornea can be ablated. Small ablation 
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zones create small optical zones with more optical side effects. Moreover, small 
ablation zones tend to loose the effect of the treatment more quickly. 
Dausch et al. (1997) used an enlarged corrected zone of 6 mm and a transition 
zone going beyond it up to 9 mm, using a scanning slit technique and a rotating 
mask. This way they reduced a preoperative spherical equivalent of manifest 
subjective refraction of+4 8 (±1 45) D (attempted correction +2 D to +8.5 D) 
to +0.45 (±1.2) D after 12 months in 68 eyes. Regression after 1 year amounted 
to 1 D. Centration of the optical zone is of concern, using this technique 
Decentration caused significant loss of BSC VA in two eyes 
A scanning laser creating a steepening effect over a 5 mm optical zone and a 
transition zone beyond it up to 8.5 mm was used by Daya et al (1997), who report 
on 45 eyes after a follow-up of 6 months. A preoperative SE (in cycloplegia) of 
+3.3 (±1.5) D, range 0 5 to 6 5 D was reduced to +0 1 (±0 7) D after 6 months. 
Three eyes (6.7%) lost 2 lines of BSVA These eyes were all in the high hyperopia 
group The authors conclude that correction of hyperopia less than 3.5 D yields 
better results than correction of higher amounts of hyperopia 
The limited number of reports in literature on the treatment of hyperopia using 
excimer laser does suggest that this method is not widely used to correct hyper
opia. 

Complications of myopic PRK 

Complications of refractive surgery may include loss of BCVA, disturbances of 
visual perception, refractive and/or early postoperative problems. 

• Loss of BCVA, disturbances of visual perception (halo's, glare disability, dimin
ished contrast sensitivity, monocular diplopia). 

• Refractive complications: 
• overcorrection; 
• undercorrection; 
• induction of astigmatism. 

• Early postoperative complications: 
• epithelial disturbances; 
• increase of intraocular pressure. 

Loss of BSC VA 
Loss of BSCVA can be attnbuted either to the treatment or to the wound healing 
response and can be caused by: 
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irregular corneal surface: 
• decentered photoablation profile; 
• irregular topographic pattern; 
• central islands; 
corneal opacities (corneal haze). 

Decentration of photoablation may cause an irregular corneal surface, which can 
lead to a diminished visual function. Decentration may cause glare and edge 
effects, monocular diplopia or refractive astigmatism. An eccentric ablation zone 
of less than 0.5 mm seemed to have neither significant influence on the effective 
spherical aberration, as defined by Seiler et al. (1993), nor on subjective percep
tion of glare and halos. Klyce and Smolek (1993) reported poor correlation 
between amount of decentration and BCVA. 

Table 2 gives an overview of reports on the incidence of decentration following 
PRK. 

Table 2 Published studies with data on decentration rates. 

First author 

Wilson m'h 

Lin " , 3 

Cavanaugh 'm' 

Cavanaugh " w b 

TaUey , '* , 

Lin m4 

Sher mi 

Schwartz '995 

Hersh " % b 

Number 
of eyes 

17 

97 

110 

49 

85 

502 

48 

185 

132 

Treatment 
characteristics 

(treatment range, 
-zone) 

-2.25 to - 8 D 
4.25 - 5min 

???? 
???? 

- 2 to - 6 D 
4.5 - 5mm 
- 2 to - 6 D 
4.5 - 5mm 

-1 to -7 .5D 
6 - 7mm 

-1 to >-10D 
up to 6mm 
- 8 to -15D 
6 - 6.2mm 

-1.5 t o - 6 D 
4.5 or 5mm 
-1.5 t o - 6 D 
4.5 - 5mm 

Mean 
decentration 
±SD (range) 

mm 

0.88 ±0 .1* 
(0 tol.89) 

0.36# 
(up to 1.50) 

0.52* 
(0 to 1.64) 

0.40# 
(0.11 to 1.09) 

0.44* 
(Oto 1.18) 
0.57 ±0.44 
(0.1 to 2.6) 

0.34 ±0.23# 
(Oto 1.50) 

0.70 ±0.5# 
(0.1 - 2 . 4 ) 

0.46# 
(Oto 1.44) 

Percentage 
of eyes 

>0.5 mm 
decentration 

83 

15 

43 

29 

33 

61 

36 

49 

Percentage 
of eyes 
>1 mm 

decentration 

26 

2 

7 

2 

2 

20 

32 

3 

* to corneal vertex; # to center of pupil, SD: standard deviation 

40 



Excimer laser literature, complications 

Decentration of more than 0.5 mm is reported in 15 to 49% of the eyes studied 
Decentration of the photoablation zone of more than 1 mm was found in 2 to 
7% of the eyes. Mean decentration was found to be between 0 34 to 0.52 mm. 
As shown in table 2, Wilson has found exceptional decentrations, most probably 
due to the small number of eyes and learning curve Enhanced results because 
of the increasing expenence of the surgeon have been shown by Lin (1994), 
who found the mean decentration of 0.34 (±0.23) mm in 502 eyes reducing 
to 0 29 (±0 15) mm over the last 100 eyes. Maximum decentration reduced 
from 1.5 mm to 0 6 mm in these eyes This was also demonstrated in the study 
ofSherefd/ (1994). 

Maguire et al (1991) have shown that larger ablation zone diameters diminish 
the impact of errors in centration 

• Irregular topographical patterns can be induced by the photoablation itself, as well 
as by the wound healing response. 
The topographical map displaying the difference between the pre-operative and 
the early postoperative situation shows the photoablation effect The map 
displaying the difference between the pre-operative and late postoperative 
situation shows the treatment effect as well as the wound healing effect 
Hersh et al. (1995) defined two subgroups, the first group with a homogeneous 
ablation pattern (homogeneous, tonc-with-axis and tonc-against-axis) and a 
second group with irregular ablation patterns. In this study (181 eyes, 181 
patients, attempted correction up to 6 D, follow-up 1 year) the two groups 
show significant differences in outcome with respect to UCVA (better in 
homogeneous group), increased astigmatism (more in irregular group) and 
patient satisfaction (better in homogeneous group) Predictability was higher 
in the regular group: 78% versus 63% within 1 D of attempted correction. No 
significant differences could be found with respect to BCVA (Hersh et al 1995). 
More irregular patterns are found in eyes of older patients or when the amount 
of intended correction is higher (Hersh et al. 1997b). 

Hersh et al (1995) found that in 41% of 112 eyes the topographical patterns 
change over time (between 3 and 12 months). In the majonty of the eyes the 
topographical pattern changed to a smoother one. This effect occurs predomi
nantly m the first month after surgery. 
Abbas and Hersh (1998) postulate that decreasing epithelial hyperplasia, dis
solving stromal edema and the process of healing of the stroma could account 
for the changes found. 
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• Central islands are possibly caused by a diminished ablation effect due to the 
photoablated fragments in the beam (effluent plume) (Puhafito et al. 1987) 
However, shockwave and hydration effects could also play a role in the aetiol
ogy of central islands (Krueger et al. 1996). 
A central island, based on the differential map, is defined as a central area of 
steepening of more than 1 D and larger than 1 mm in diameter (Hersh 1997a) 
Central islands may be correlated with loss of BC VA Krueger et al (1996) using 
a definition of an area of steepening of more than 3 D and larger than 1.5 mm 
in diameter, found central islands occurring in 25 of 35 eyes (71%) after 1 week, 
m 51% after 1 month, in 20% after 3 months and in 11% after 6 months Clini
cally significant loss of BCVA was found to occur in 13 of 18 eyes (72%) with 
a central island, and in only 2 of 17 eyes (12%) without a central island. 
Central islands tend to disappear over time. Lin (1994) demonstrated that the 
occurrence of central islands in a percentage of 26%, 1 month after PRK, de
creased to 2% after 12 months. Hersh et al (1995) did not find any central island 
at all, analysing topography after 3 months or more following PRK procedures 
of 6 D or less. 

Central islands are less frequently found following PPJC using multipass (se
quential photoablation producing a profile with multiple zones)-techniques or 
multizone photoablation (Carones et al. 1996). 

Corneal haze is caused by the wound healing response and can be attributed to 
keratocyte activity, extracellular matnx deposition or disorganisation of corneal 
collagen. 
Extensive scamng (haze grade 2 or more) can (but will not necessanly) interfere 
with visual function (BCVA-loss, diminished contrast sensitivity, glare-disability). 
It may be accompanied by regression of the treatment effect. 
In a senes of 193 eyes, treated for myopia of even more than 9 diopters, manifest 
scamng was observed in 10 eyes Loss of BCVA (more than 1 Snellen line) was 
observed in 2 eyes only, caused by manifest scamng in 1 of the 2 eyes (Seiler et 
al 1994). 
The occurrence of haze and scamng is dependent on 
• the amount of myopia corrected; 
• the depth of ablation; 
• the treatment zone diameter, 
• the individual wound healing response. 
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• The amount of myopia corrected: 
Seiler et al. (1994) found no occurrence of haze in the group of eyes treated for 
myopia of less than 3 D and 17% occurrence in the group treated for myopia 
of more than 6 D. 
Correction of high myopia (>8 D) using a multizone technique (23 eyes / 18 
patients, follow-up 6 months) resulted in the occurrence of haze grade 1.5 or 
more in 47% of the eyes any time after the operation (Heitzmann et al. 1993). 
Nine percent of 48 eyes treated for high myopia (-8 to -15 D) developed haze 
grade 2 in a study by Sher et al. (1994). They found no correlation between the 
amount of haze and the visual acuity. 
McCarty et al. (1996) evaluated 645 eyes of 440 patients treated for myopia up 
to -15 D. They observed haze equal to grade 2 or more occurring only in eyes 
treated for more than -5 D: in 4% of the eyes treated for - 5 to -10 D and in 
2% of the eyes treated for -10 D or more. In this study haze was significantly 
related to loss of BCVA. 
In another series of eyes, treated for high and severe myopia (—6.25 to —9.25 
D resp. —9.5 to —18.25 D) significant corneal scarring was found in 44% of the 
eyes treated for severe myopia and in 32% of the eyes treated for high myopia. 
Clinically significant loss of BCVA was found in 42% of the eyes with a scar 
treated for severe myopia and in 26% of the eyes with a scar treated for high 
myopia. However, the same percentages of loss of BCVA were found in the 
eyes without scarring, that were treated for high or severe myopia (Kremer et 
al. 1999). 

Although haze may be of influence on visual acuity, this is not necessarily the 
case. 

• The depth of ablation: 
Early reports suggest a possible relationship between ablation depth and corneal 
haze, deeper ablations causing more haze by inducing more keratocyte activity 
(Taylor et al. 1989, Liu et al. 1990). 

• The treatment zone diameter: 
Enlargement of the treatment zone diameter results in increased ablation depth. 
By creating a transition zone or using a multizone technique the ablation depth 
is diminished. 

• The individual wound healing response: 
This is probably the most important factor. 

In general, corneal opacity gradually increases during the first 3 months and 
decreases again during the next three months (Seiler and Wollensak 1991, 
Lohmann et al. 1991, Sher et al. 1994, McCarty et al. 1996). Corneal trans-
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parency regains its normal level after 1 year, although visual opacities may 
remain for a prolonged penod (McCarty et al. 1996, Corbett et al 1996, Kremer 
étal 1999). 
Late onset corneal scarnng has been descnbed incidentally in eyes treated for 
moderate as well as high myopia, occumng after 5 to 33 months following PRK 
(Meyer et ai 1996, Lipshitz et al 1997) 

Complications regarding refraction 

Disturbances in achieving a final refraction within the expected limits may be due 
to· 
• overcorrection; 
• regression; 
• undercorrection; 
• changes in astigmatism. 

Overcorrection is defined as a residual deviation of more than +1 D from the in
tended final refraction This complication might lead to hyperopic refractive 
aberration. 
Overcorrection is reported to occur predominantly dunng the first month after 
the operation. After this penod the wound healing process causes regression 
towards the attempted final refraction. 
Vajpayee et al. (1996) reported on 645 patients treated for myopia (low to extreme, 
in 9% of the eyes the attempted correction was more than 10 D). Overcorrection 
decreased from 22% dunng the first month to 2.2% after one year. The occurrence 
of overconection was significantly related to the amount of the attempted refrac
tive correction after 1, 3, 6 and 12 months. Extreme and high myopes were more 
likely to be overconected than low myopes were (5%, 2.6% versus 1 5%). 
Tuunanen and Tervo (1998) found a higher incidence of overcorrection (defined 
as hyperopia of 0 25 D or more) in eyes corrected for high myopia compared to 
eyes conected for low myopia after 1 month, as well as after 12 months after the 
operation. They demonstrated a significant higher amount of overcorrection in 
the eyes treated for higher amounts of myopia 

Epstein et al. (1994a) studied 495 eyes that had been treated for myopia ranging 
from —1.25 to —7.5 D. Four of these eyes were still overconected after 24 months 
(achieving a hyperopic refraction of more than 1 D outside emmetropia) 
Seiler et al (1994) found 4% overconections (>1 D from intended conection) in 
the group treated for myopia of—3 to -9 D, and 25% overcorrections in the group 
treated for myopia of more than -9 D (2 eyes out of 8) after 1 year. A final hyper
opic refractive enor of more than 1 D was found in only 1% of the overall group 
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Comparison of these data can only be made after taking into consideration that 
differences exist in the way overcorrection is defined some authors define 
overcorrection based on the final refraction and others define overcorrection based 
on the difference between intended and final refraction 
Vajpayee et al (1996) drew conclusions based on the final refraction, Tuunanen 
and Tervo (1998) did not specify their definition, Epstein et al (1994a) used final 
refraction and Seiler et al (1994) used both. 
However, most reports on the results of photorefractive keratectomy do not 
mention overcorrection at all. 

Regression or decrease of the induced change in refraction occurs naturally follow
ing PRK as a consequence of corneal wound healing. 
Most regression is seen during the first 3 to 6 months ("early regression") The 
amount of regression depends on the amount of myopia treated and possibly on 
the shape of the ablation. 
Earlier reports had already shown that PRK in higher myopia is related to more 
regression (Seiler and Wollensak 1991, McDonald et al. 1991, Gartry et al 1992a, 
Tengroth et al 1993). Significantly more regression was found in eyes 12 months 
following PRK for high myopia (8 1 to 11.5 D) compared to eyes treated for low 
myopia (up to 6 D) (Tuunanen and Tervo 1998). 
Hersh et al (1996a) studied refractive changes between 12 and 24 months follow
ing PRK for myopia up to 6 D in 612 patients (treatment zone 4 5 or 5 mm). 
They found significantly more refractive changes in the eyes treated for higher 
myopia A myopic shift of more than 1 D was seen in 8 to 17% of the eyes where 
the intended correction was more than 5 D (based on refractive outcome). The 
authors compared 2 groups- one group where the intended correction was 5 D 
or more and a second group where the intended correction was 3 D or less. They 
found that the first group had a higher chance of showing a change in manifest 
spherical equivalent refraction of more than 1 D measured in the penod between 
12 and 24 months after the operation. The odds ratio for the first group was 
calculated to be 3.5, compared to 1 0 for the second group. 
Stability of refraction was suggested in a study of 148 eyes following PRK for 
myopia up to 7.5 D after 12 to 18 months (Epstein et al. 1993). In a later study 
on 495 eyes (PRK for myopia up to 7.5 D, treatment zone 4.3 or 4.5 mm, follow-
up 24 months) Epstein et al (1994a) conclude that the final refraction stabilised 
slowly, reaching stability after 18 to 24 months only. 

Seiler et al. (1994) noticed continued regression (1 D or more) in the second 
postoperative year in 8.6% of the eyes with a preoperative refraction between —3 
and -6 D. Continued regression was also found in 20% of the eyes with a 
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preoperative refraction between -6 and -9 D, and in all 4 eyes treated for myopia 
o f -9 D or more. 
PRK in high myopia resulted in continuing regression even after 12 to 18 months 
in the study of Sher et al. (1994). 
Spadea et al. (1998) on the other hand suggest that the final refraction is stable after 
12 to 24 months following PRK in 53 eyes of 41 patients with high myopia 
(attempted corrections - 8 to -17 D). Statistical data were not applied however. 

The correlation between the diameter of the treatment zone and the amount of 
regression (or the amount of haze formation) has been studied by O'Brart et al. 
(1994a). An ablation zone of 5 mm did not induce more early regression (or 
stromal haze) during the first 12 months, as compared to eyes that were treated 
with an ablation zone of 4 mm. 
A study comparing 5 versus 6-mm ablation diameters showed significantly less 
variation in refractive outcome over time in the 6-mm group. Less hyperopic shift 
took place in the first postoperative months and consequently less early regression 
occurred during the following months, leading to a greater predictability of PRK 
using an ablation zone of 6 mm (O'Brart et al. 1995). 
A multiple zone technique applied during the PRK in 14 eyes treated for severe 
myopia (-10.4 to -24.5 D) still resulted in considerable regression and haze 
formation (Krueger et al. 1995). 

Studies on very long-term stability are scarce. 
Hamberg-Nyström et al. (1996) demonstrated that the final refractive result was 
stable after 24 to 36 months following PRK for myopia up to 7.5 D in 457 eyes. 

Undercorrection is defined as a residual refractive deviation of more than —1 D from 
the intended correction. 
From the viewpoint of the patient (whose main concern is the efficacy of the 
treatment) this measure can be given as deviation of emmetropia, while predict
ability can be shown by giving the difference between the final correction and the 
intended correction. As with the presentation of overcorrection, different reports 
use different ways of presentation. 
Undercorrection can be an objective in itself in terms of the final refractive error, 
for example in eyes with high or extreme myopia. On the other hand, under-
correction may be a consequence of regression that is induced by wound healing, 
predominantly during the first postoperative months. 
More regression may lead to more undercorrection. 
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It is estimated that undercorrection occurs in about 10 to 20% of PRK procedures, 
depending on the amount of intended correction. 
Tengroth et al. (1993) found a significantly different mean refraction after 12 
months in the high myopes, as compared to the lower myopes Eyes corrected for 
higher amounts of myopia showed more regression 
Seiler et al. (1992) reported an incidence of undercorrection of more than 1 D in 
12% of 298 eyes of 201 patients after 1 year. The incidence was dependent on the 
intended correction: 3% in the eyes where the intended correction was less than 
6 D and 37 to 43% in eyes where the intended correction was more than 6 D. 
Tuunanen and Tervo (1998) reported 11% undercorrections 12 months after PRK 
in 110 eyes treated for myopia up to 11 D (25% astigmatism corrections included). 
Five out of 25 eyes in the high myopia group and 4 out of 52 eyes in the low 
myopia group were undercorrected more than 1 D after 12 months This indicated 
a higher incidence in the group treated for higher amounts of myopia 
Saltz et al (1993) studied 71 eyes following PRK for myopia up to 6 D after 12 
months. They demonstrated that 12.6% of the eyes were undercorrected deviating 
more than 1 D from the intended final refraction. 
Sher et al. (1994), using PRK on 48 eyes to treat high myopia (-8 to -15 25 D) 
found at least 11 eyes that were undercorrected, leaving the patient with more 
than 2 D of myopia. 

Changing the corneal curvature by the use of PRK can induce changes in the 
astigmatic component of the cornea, expressed as a change in the subjective refrac
tion or in the keratometncal or topographical data. 
Not all studies report on the amount of induced or changed astigmatism. Some 
report a change in astigmatism, based on the cylinder component of the postopera
tive refraction. Others mention the change in mean cylinder component, without 
referring to changes in axis direction. 
Saltz et al. (1993) found a change in cylinder component in 4 to 11% of the eyes 
studied, of which 4 to 9% showed an increase of astigmatism of 1 to 2 D, 12 
months after the operation. Maguen et al (1994) reported induced astigmatism 
of 1 D or more in 7 to 12% of the eyes studied after 12 months. 
Goggin et al. (1994) found an increase of cylinder component of 0.5 D or more 
in 27% of 60 eyes, treated for spherical myopia up to 12.5 D and followed for 6 
months 

Sher et al. (1994) found no significant differences in mean cylinder component of 
the subjective refraction before and 12 months after the operation. 
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Reports that study astigmatism induced by surgical procedures should include a 
description of the "surgically induced astigmatism" (SIA) as described by Holladay 
et al. (1992 and 1998). 
A mean unintentional SIA of 0.47 D was shown in 155 spherical PRK treatments 
in a study performed by Tabin et al. (1996). This SIA appeared to be significantly 
higher after treatment of higher amounts of myopia. 
Onclinx et al. (1999) found only small amounts of astigmatism induced by myopic 
PRK: the vector-summated mean change in astigmatism was 0.3 D at 83 degrees. 
However, this measurement was taken only 3 months after the PRK procedure. 
Hersh et al. (1999) presented data on 220 patients treated for high myopia (-6 to 
-14 D), comparing two treatment methods: one group of 105 eyes was treated 
using PRK and another group of 115 eyes using LASIK. After 6 months an 
absolute change in refractive astigmatism of more than 0.25 D was observed in 
65% (44% increased and 21% decreased) in the PRK-group. The vectoral induced 
astigmatism showed a tendency to shift in "with-the-rule" direction. In this study 
a mean vector-induced astigmatism of 0.99 (±0.67) D was calculated after 6 
months. This is in contrast to 0.42 (±0.34) D (in a 5-mm diameter treatment 
group) and 0.32 (±0.29) D (in a 6 or 6.5-mm diameter treatment group) calculated 
in a study of Shah et al. (1997). 

In conclusion, astigmatism can change after PRK for spherical myopia especially 
during the first postoperative months. A tendency for with-the-rule changes is 
found after 3 to 6 months. No reports on longer-term changes are found in 
literature. 

Early postoperative complications 

In the early postoperative period two types of complications are reported: epithe
lial disturbances and increasing intraocular pressure. 
Epithelial disturbances include tenderness of the eye or foreign body sensation on 
waking up. Both problems are reported in 25% of the patients at the most, but 
tend to resolve shortly after the operation (Gartry et al. 1992a). Epithelial instability 
leading to recurrent erosion syndrome is reported in 2.5% of the patients studied 
(Gartry et al. 1992a). 
Cases that developed a corneal infiltrate following PRK are reported incidentally. 
These eyes have all been fitted with bandage contact lenses after the operation 
(Maguen et al. 1994, TaUey et al. 1994). 
A very serious complication was reported by Seiler and Wollensak ( 1991 ). A non
infectious corneal ulcer developed 30 days after receiving PRK treatment in a 
patient who was finally diagnosed to have lupus erythematodes. 
Intraocular pressure increase is always related to corticosteroid therapy. This 
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complication is reported in about 12% of the patients in most studies (Gartry et 
al 1992a, Epstein et al 1994a, Talley et al 1994). Seiler et al. (1994) however, ob
served this complication in 26 to 32% of the patients studied. 

Management of residual myopia, scarring or irregular cornea following 
PRK treatment 

Topical application of corticosteroids has been shown to be effective in reducing 
the amount of residual myopia due to regression. Tengroth et al (1993) demon
strated a hyperopic shift in refractive result in 39% of the eyes treated with locally 
applied steroids The authors do not state whether this shift is stable or this shift 
stabilises after cessation of the steroid medication. Other authors draw conclusions 
on the basis of short-term studies (Fitzsimmons et al 1993) 
No evidence is found in literature to support a lasting effect of the application of 
corticosteroids on regression or corneal scamng following PRK 
O'Brart et al (1994a) considered the efEcacy of steroid medication immediately 
following PRK treatment and concluded that the initial effect of the medication 
would lead to maintaining the hyperopic shift. However, this effect diminished 
once the steroid treatment is stopped. No effect on the amount of haze was 
found 

Photorefractive keratectomy may be repeated in eyes still showing a residual 
refractive error or extensive scamng of the cornea following the treatment. 
The decision whether or not to perform a repeat treatment is taken pnmanly by 
the surgeon, taking the expectations (set preoperatively) and individual wishes of 
the patient into account 
Generally, the retreatment rate vanes between 9 and 13% in the eyes treated for 
low to moderate myopia using PRK, increasing to 19% in eyes treated for high 
myopia (Seiler et al. 1992, Epstein et al 1994b, Matta et al. 1996, Smbson et al 
1996, Goszival and Feuermannovâ 1998) Smbson et al (1996) calculated a higher 
(11%) retreatment rate after PRK procedures that included correction of astigma
tism as compared to the retreatment rate after PRK for spherical myopia (5%). 
Retreatment is considered to be a safe procedure with a reasonable success rate-

about 60 to 80% of the retreated eyes achieve a final refraction within 1 D of the 
intended refraction after 6 to 12 months. In most cases, retreatment is performed 
to correct residual myopia. Seder et al. (1992) successfully retreated 11 eyes to 
remove scamng. New scan did not develop in his senes. 
Pop and Aras (1996) reported on 90 eyes (of 86 patients) that were retreated for 
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myopic regression, divided in a group showing corneal haze and another without 
corneal haze. Originally, the group with haze was significantly more myopic. 
Retreatment was shown to be less predictable in this group. In the group without 
haze 84% of sphere values was within 1 D of intended refraction after 6 months, 
in contrast to 50% in the group with haze. However, to be able to interpret the 
results correctly the differences in retreatment procedures must be taken into 
account: epithelial removal was carried out using laser in the group with haze, 
while in the second group this was done manually. 

Gartry et al. (1998) studied the efficacy of repeat PRK in 106 eyes. They found 
the occurrence of significant haze following the initial PRK to be an important 
predictor for poor results of the repeat treatment. These eyes showed a high 
tendency for regression and formation of a similar amount of haze, combined with 
loss of BCVA following repeat treatment. 

Central islands may be treated by re-ablation of the central area of steepening. A 
scanning spot or a small diameter laser beam may be applied. Manche et al. (1998) 
described the efficacy of re-ablation of central islands in eight eyes, applying the 
Munnerlyn formula to calculate the amount of tissue to be removed performed 
with phototherapeutic keratectomy mode (Munnerlyn et al. 1988). 
Treatment of irregularities on the corneal surface will continue to be a challenge 
as long as the beam emitted by the excimer laser delivery is homogeneous, to be 
adjusted symmetrically by slits, diaphragms or masks. Few reports suggest methods 
to treat irregularities of the cornea. 
Talamo et al. (1995) used methylcellulose to mask decentration of the ablation 
zone. 
Lim-Bon-Siong et al. (1997) used the epithelial layer as a mask, covering the part 
of the cornea that was not to be ablated. 
Gibralter and Trokel (1994) suggested retreatment using eccentric photoablation. 

Customized laser photoablation or enhanced PRK using computerised corneal 
topography are techniques still to be developed more in future. Preliminary results 
of enhanced LASIK using computerised corneal topography are reported by 
Wiesinger-Jendritza et al. (1998). They applied this technique on eyes showing 
corneal irregularities, which had developed for various reasons. Undercorrection 
and regression are still a prime concern. 
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Holmium laser, review of the literature 

Correction of hyperopia 

Thermal keratoplasty has initially been used to treat keratoconus (Gasset et al 
1973). Heat was applied with a relatively high temperature, which might explain 
the disappointing results (Aquavella et al 1976) 
Neumann et al. (1991) reported that Fyodorov was the first to develop the tech
nique of thermal keratoplasty to treat hyperopia He used a NiCr-wire heated up 
to 600°, to place a radial pattern of spots. Neumann et al. (1991) however, used 
a retractable probe tip penetrating the corneal stroma to 95% to produce thermal 
bums.The treatment proved to be highly unstable, with a mean regression of 68% 
after the first year. 
Holmium:YAG laser thermal keratoplasty (Ho-LTK) was introduced by Seiler et 
al. (1990b), who reported surprisingly stable keratometncal results in 4 blind eyes 
4 months after the treatment. 
Thompson et al (1993) desenbed promising results for Ho-LTK, suggesting 
stability of the refraction after about 6 months. 

What can be achieved using Ho-LTK to treat hyperopia 
Dume et al. (1994) reported on 16 eyes after a 6-month follow-up penod. Mean 
SE before the operation was +1.5 D, range 0 to +5.25 D, standard deviation was 
not reported. Six months after the treatment uncorrected near visual acuity was 
J2 in 75% of the eyes (preoperatively 0%) UCVA for distance of 0.5 or more was 
demonstrated in 57% of the eyes Postoperative refraction was not reported. Final 
refraction within 1 D of the intended refraction was achieved in 79% of the eyes 
after 6 months. Loss of 2 lines of BSCVA occurred in 7% of the eyes due to 
irregular astigmatism. 

Using a non-contact-Holmium laser Koch et al (1997) treated 28 eyes of 28 
patients divided over 2 groups for hyperopia. The first group was treated by 
placing 8 spots in a single ring with a diameter of 6 mm (17 eyes). The second 
group was treated by placing 16 spots in a double nng with a diameter of 6 and 
7 mm (8 eyes). The effect of the treatment was studied after 2 years. In the first 
group a mean refractive change of-0.5 (±0.3) D was achieved. In the second 
group the mean refractive change was -1.5 (±0.6) D In the first group the 
number of eyes that achieved an uncorrected visual acuity for distance of 0.5 or 
more increased from 3 before treatment to 7 measured 2 years after the treatment 
In the second group this number of eyes increased from 0 to 1 over the same 
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period of time. The mean uncorrected near visual acuity before the treatment 
remained virtually unchanged 2 years after the treatment. Refractive cylinder 
increased with 0.5 D or more in 47% of the eyes in the first group and in 38% of 
the eyes in the second group 
Alio et al (1997b) applied contact Ho-LTK in 57 eyes Surgery was performed 
using treatment zones of 6, 7 or 8 mm applying two or three rings of eight spots 
Additionally, 19% of the eyes were treated again 3-6 months after the initial 
operation. In this study the mean cycloplegic refraction of+3.8 (±0 2) D before 
the operation was reduced to +1.73 (±0.2) D 15 months later The results of the 
different treatment methods were not discussed More regression was found in the 
eyes of younger patients. 

A relatively large number of eyes were studied by Nano and Muzzin (1998) 184 
eyes of 116 patients with a mean preoperative SE of+2.5 (±0.9) D were treated 
for hyperopia using Ho-LTK. Hundred and forty eyes were evaluated. Seventeen 
percent of the eyes were retreated within 9 months. It is not clear whether these 
retreated eyes are excluded from the study. 
Mean SE 12 months after the treatment was +1.2 (±1.0) D, range +0 2 to 3 2 D 
Six months after the treatment 56% of the eyes were within 1 D of the intended 
refraction, after 12 months this percentage decreased to 46%. 

Concerns raised by using Ho-LTK to treat hyperopia 

As early as in 1994 Dume et al (1994) desenbed 2 major concerns related to this 
surgical technique After a follow-up penod of 6 months on 16 eyes following 
contact-Ho-LTK they defined loss of BCVA and regression of the effect to be 
prime limitations. 
Lew of BCVA was demonstrated in 7% of the eyes, in all eyes due to irregular 
astigmatism. This may either be caused by inaccurate centration of the laser beam 
or by the probe not having been positioned exactly perpendicular to the corneal 
surface, which would lead to uneven pressure being applied and inconsistent 
coagulation. 
Tutton and Cherry (1996) also demonstrated induced astigmatism in 23% of the 
22 eyes initially treated to correct 4 D of hyperopia. 
Koch et al. (1997) desenbed an increase in astigmatism of 0.5 D or more in 38% 
of the eyes (3 of 8 eyes) in the group treated using a double nng of spots. Astigma
tism increased in 8 of the 20 eyes (47%) in the group treated using a single (6-mm 
diameter) nng of spots. Mean surgically induced astigmatism, calculated by vector 
analysis was 0.3 (±0.6) D in the single-nng group and 0 4 (±0 4) D in the double-
nng group. 
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Regresston of the effect of the treatment is another concern 
Alio et al (1997b) confirmed the existing concerns on regression and undercorrec-
tion. evaluation after 15 months of 57 eyes following non-contact Ho-LTK showed 
a total regression in 31% of the eyes. Moreover, in 19% of the eyes a retreatment 
3-6 months after the initial surgery was earned out because of undercorrection. 

Contrast sensitivity testing was only performed by Koch et al (1997). No signifi
cant differences in mean contrast sensitivity were observed, measured before and 
2 years after the operation for both groups of eyes. 

Holmium:YAG laser thermal keratoplasty has not gained wide acceptance. So far 
the number of eyes that have been studied in this respect have been low Stability 
and predictability proved to be the major concerns of Ho-LTK to correct hyper
opia. Astigmatism may be induced. 
Induction of irregular astigmatism may cause a diminished BCVA. Senous vision 
threatening complications are not reported 

Holmium YAG laser LTK used for overcorrection following PRK 
Ho-LTK has been reported to be effective in reducing overcorrection following 
PRK. 
Alio et al. (1997a) reported on the treatment of 14 eyes using contact-Ho-LTK 
after a follow-up penod of at least 12 months Mean cycloplegic refraction before 
treatment was +4 2 (±1 8) D, range +1.7 to +6 2 D, compared to +0 6 (±0 2) D 
(range -1 to +1 7) 12 months later. No information on induction of astigmatism 
was given. "Relative stability" was suggested by the authors to exist after 12 months, 
as they found no significant change in mean SE measured after 9 and after 12 months. 
Goggin and Lavery (1997) report on 11 eyes 12 months after Ho-LTK treatment 
for hyperopia following PRJC. They found that at this time 91% of the eyes 
achieved an UCVA of 0 5 or more and 91% of the eyes had a SE within 1 D. 
Regression was observed predominantly during the first 6 months. 
Pop (1998) in his study evaluating 36 eyes (33 patients) concluded that Ho-LTK 
should only be used to treat the overcorrection +1 to +2 D resulting from PRK. 
Eleven eyes (34%) showed regression to their original post-PRK refraction and 
needed retreatment using Ho-LTK. 
Pop concludes that in the majonty of eyes astigmatism had not been adequately 
corrected. 
Ho-LTK may be used to correct hyperopia resulting from PRK. Information on 
efficacy and stability is still scarce Possibly only low amounts of hyperopia can be 
corrected. 
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Correction of astigmatism by Ho-LTK 

Ho-laser application on the flat meridian may steepen this meridian and hence may 
correct astigmatism. Thompson et al (1993) desenbed that in addition to the 
astigmatic correction, a secondary steepening of the central cornea occurs, resulting 
in a hyperopic correction. 
Cherry (1996) treated 31 eyes for compound myopic astigmatism in 31 eyes using 
Ho-LTK (four spots on either side of the flattest meridian) pnor to the PRK for 
the myopic component. Five eyes were lost to follow-up within 18 months after 
the treatment for astigmatism in myopic astigmatism Eighteen of the 31 eyes were 
treated using PRK or PARK within 18 months following Ho-LTK Considering 
success as a reduction in keratometnc astigmatism of at least 50% measured before 
the second treatment or after 18 months, the treatment proved to be successful 
in 13 of 26 treatments. Dunng the 18-month follow-up penod regression slowly 
continued. 
The authors also treated another 8 eyes for compound hyperopic astigmatism by 
placing 1 or 2 spots on either side of the nng containing of 16 spots. The effects 
of hyperopic astigmatism treatment were not discussed because of disappointing 
results. 
Few reports discuss the efficacy of Ho-LTK used to correct astigmatism. The 
results generally show disappointing results. 

T h e Alternat ives 

Myopia 

Grades of myopia may be defined as follows-

• Low myopia: up to -5 or —6 D; 
• Intermediate myopia: between —5 and about —10 D; 
• High myopia· between about -10 to -15 D, 
• Extreme myopia- more than —15 D. 

Different treatment modalities are available depending on the amount of myopia 
to be corrected. 
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Radial keratotomy and the implantation of intracorneal ring segments are the main 
alternatives to PRK in the treatment of low myopia Also, LASIK is more and more 
being applied in these eyes 
Intermediate myopia may be treated using PRK or LASIK or by implantation of 
intraocular lenses in the phakic eye 
In high myopia treatment alternatives are LASIK, intraocular lenses in the phakic 
eye or clear lens extraction 
In extreme myopia more than one treatment may be used, for example extraction 
of the crystalline lens may be combined with intraocular lens implantation, 
implantation of an IOL in the phakic eye may be combined with a PRK or LASIK 
procedure. 

The alternative treatment methods mentioned above will be discussed briefly. 

Radial keratotomy 
Radial keratotomy has been widely applied in the eighties. Evaluation was per
formed in the Prospective Evaluation of Radial Keratotomy (PERK) study This 
study started in 1981 (funded by the National Eye Institute), evaluating a standard
ised techmque of radial keratotomy earned out in nine centers. Wanng et al 
(1991) presented a 5-year follow-up report on the results of the treatment of 793 
eyes of 435 patients, including repeat operations 
A preoperative myopia of—2 D to -8 D was decreased with a mean change of 
-3.98 (±1.69) D (+0 38 to -12.88). In 12% of the eyes a repeat operation was 
earned out, mainly within 1 year after the first radial keratotomy procedure These 
results were included in the presentation of the results as well After 5 years 64% 
of the total group of eyes showed a refractive error between +1 D and —1 D, 19% 
were myopic (more than 1 D) and 17% were hyperopic (more than 1 D). A higher 
accuracy was found in the lower baseline refraction group of eyes (-2.00 D to 
-3.12 D): 75% of the eyes achieved a final refraction within 1 D of emmetropia. 
A lower accuracy was found in the highest baseline refraction group of eyes (—4.5 
D to -8.00 D): only 49% of the eyes achieved a final refraction within 1 D. In the 
group showing a baseline refraction between -3.25 D and -4.50 D 67% of the eyes 
achieved a final refractive error between —1 D and +1 D. Measured in the penod 
between 6 months and 5 yean a refractive change in myopic direction was found 
in 2% of the eyes that were studied. A change in hyperopic direction occurred in 
22% of the eyes. UCVA of 1.0 or better was found in 60% of the eyes while 
UCVA of 0.5 or better was found in 88% of the eyes. Loss of BSCVA (2 Unes or 
more) was seen in 2% of the eyes. 
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This report clearly shows the limitations of the technique: 
• moderate accuracy, decreasing sharply when higher amounts of myopia were 

treated; 
• loss of BCVA, due to subsequent irregular corneal surface; 
• instability of refraction even after 5 years 

Advantages of this technique as compared to laser refractive surgery are the low 
costs and the independency of high technology 

Intracorneal ring segments 
Intracorneal ring segments with increasing thickness may be applied to correct low 
amounts of myopia. These nng segments are made of PMMA and are ideally 
placed at two-thirds of the depth of the corneal stroma. The rings in the mid-
penpheral cornea flatten the central corneal curvature. A prolate surface of the 
cornea is maintained (Holmes-Higgin et al 1999) 
Evaluation on 99 eyes 3 months after implantation was provided by Schanzhn et 
al (1997). They found the rings to be effective to treat myopia up to - 4 D. 
Seventy-seven percent of the eyes were within 1 D of the intended correction, 
96% showed UCVA of 0 5 or more, 5 eyes (5%) lost 2 lines or more of preopera
tive BCVA. Four of these eyes showed restored visual acuity after a longer follow-
up (in one eye after explantation of the nng segments). 

In a study presented by Ruckhofer et al (1998) on 25 eyes of 14 patients the mean 
preoperative SE was -3.2 D (-2 to -4.5 D). Twelve months after the operation 
96% of the eyes acquired a SE within 1 D of emmetropia. A SE within 0.5 D of 
emmetropia was achieved in 48% of the eyes. An increase in astigmatism was 
reported, depending on the thickness of the nng segments the increase in mean 
astigmatism was 0.3 D in the eyes with thinner segments implanted compared to 
0.7 D for the eyes with the thickest segments. No clinically significant loss of 
BCVA was reported 

The limitation of the technique lies in the restncted range of applicability. 
Reversibility could be an advantage, removal of the segments will restore 
myopia. 

Laser in situ keratomileusis (LASIK) 
The use of laser in situ keratomileusis (LASIK) to treat high myopia was proposed 
by Pallikans, who presented his first results in 1994, companng 10 eyes treated by 
PRK and 10 eyes treated by LASIK (Pallikans and Siganos 1994) Less corneal 
opacity, less regression and better predictability appeared to be advantages of 
LASIK. The handling of the microkeratome (learning curve), the necessity of a 
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stenle environment, complications related to the lamellar flap and the limitation 
in treatment zone diameter due to the limited dimension of the flap were seen as 
disavantages. 
Salah et al. (1996) reported on 88 LASIK procedures evaluated after a mean 
follow-up penod of 5.4 months (range 3 to 8 months). Eyes treated for myopia 
between 2 and 6 D achieved a comparable result to eyes treated by PRK. Sixty-
five percent of 29 eyes with preoperative myopia of 6 to 12 D achieved a spherical 
equivalent <1 D of emmetropia. Sixty-two percent achieved an UCVA of i.0 5 
These percentages were 43% and 37% for 19 eyes with a preoperative myopia of 
-12 to -20 D. A loss of BCVA was reported in 3 of 88 eyes (3 6%)· in 2 eyes due 
to maculopathy, in 1 eye due to irregular astigmatism 

A larger senes of eyes was presented by Pérez-Santonja et al (1997) Sixty percent 
of 143 eyes treated for high myopia (-8 to -20 D) using LASIK achieved a 
spherical equivalent within 1 D from emmetropia, 45% achieved UCVA of 0 5 
or better. Undercorrection (>1.5 D) was observed in 15%, overcorrection 
(>1.5 D) in 9% of the eyes studied. 
Hersh et al (1998a) compared 220 eyes of 220 patients with myopia between -6 
and -15 D who were randomly assigned to undergo treatment using PRK or 
LASIK They concluded that LASIK treatment improved the UCVA more rapidly 
and they suggested a decreased propensity for loss of BSCVA in eyes treated by 
LASIK. Accuracy of the two procedures seemed similar after 6 months. 
Steinen and Bafna (1998) reviewed published reports regarding LASIK and found 
that 41-98% of eyes had been corrected within 1 D of emmetropia, 32-93% of 
eyes achieved a BCVA of 0 5 or better and 0-21% of eyes lost 2 or more lines of 
BCVA Studies comparing the two treatment methods suggest that the results 
achieved by using LASIK are more predictable and safer 

Advantages of the LASIK procedure compared to PRK are: 
• more rapid improvement of UCVA (Hersh 1998a); 
• quicker return of spectacle corrected visual acuity, possibly due to more regular 

topographical patterns (Hersh et al. 1998b); 
• less corneal opacities in visual axis (Hersh 1998a); 
• less postoperative pain (El-Maghraby et al 1999). 

Disadvantages of LASIK compared to PRK are mainly related to the preparation 
of the corneal flap (Lin and Maloney 1999) Increased expenence with the proce
dure has been shown to reduce the intraoperative complication rate (Stulting et 
al 1999) 
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Farah et al. (1998) reviewed papers and abstracts describing results of LASIK and 
gave a detailed description of the complication rate as follows-

• loss of visual acuity 0>2 lines of BCVA) (8%), 
• irregular flap (4%), incomplete cut (2.5%), free cap at surgery (5%), perforated 

lenticule (2.6%), short flap (3%), flap displacement (1%), interface debns (7%), 
epithelial ingrowth in interface (4%), wnnkles (6%), haze (8 7%), 

• decentration (4 7%), central island (5%), induced astigmatism (5%), 
• night vision problems (14%), 
• reoperation (8%). 

Flap buttonholes are more likely to cause loss of BCVA (Stulting et al 1999). 
Incidental cases of infectious keratitis have been reported following LASIK 
procedures (Webber et al 1999). 
LASIK, initially used to treat high myopia only, is now being used more and more 
frequently to treat eyes with low amounts of myopia as well (Maldonado-Bas and 
Onms 1998, El-Maghraby et al 1999) The correction of the refractive error was 
comparable, whether PRK or LASIK was used. Faster baseline visual acuity 
recovery and less postoperative pain make LASIK more favorable. 

Implantation of an intraocular lens in the phakic eye 
Implantation of intraocular lenses into the phakic eye is currently performed using 
three types of lenses: 
• ins fixated ("claw") lenses; 
• angle supported antenor chamber lenses, 
• postenor chamber located intraocular lenses. 

The myopia claw lens was initially designed and introduced by Worst and Fechner 
in 1986 (Fechner et al 1988). The biconcave optical part of the lens was later 
changed into a concave-convex model in order to increase the optical zone and 
to decrease potential danger to the endothelium. 
Landesz et al (1995) reported on 35 eyes with preoperative myopia ranging from 
-6 to -28 D, that were provided with a concave-convex myopia claw lens of -5 
to -20 D. Six months after the operation 57% of the eyes achieved a final refrac
tion within 1 D of the intended refraction Thirty-seven percent achieved UCVA 
of 0.5 or better One eye lost 2 lines of BCVA. 
As the implantation of a lens is performed intraocular the possibility of undesired 
side-effects are of pnme concern: 
• endothelial damage, either due to surgery (initial cell loss) or due to the lens 

(progressive cell loss). Landesz et al (1995) found a mean initial cell loss of 5% 
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and 4% mean endothelial cell loss, occurring between 6 and 12 months Fechner 
et al (1999) found 17 of 127 eyes (13%), implanted with a biconcave IOL 
progressively showing significant endothelial cell loss. Removal of the IOL was 
necessary in 12 eyes. 

• lens decentration (initially), possibly leading to visual complaints (diplopia, 
glare); 

• luxation of lens-haptic dunng postoperative course; 
• intraocular inflammation, either non-infectious or infectious; 
• incidence of angle closure glaucoma, 
• incidence of cataract formation; 
• incidence of retinal detachment 

Since the replacement of the biconcave model by a convex-concave model with 
a larger distance to the endothelium the long-term effects of implantation on 
corneal endothelium are still to be evaluated. The incidence of the other complica
tions seems comparable to the incidence of complications that anse from the 
implantation of an IOL in aphakia. 

Angle supported intraocular lenses, implanted in a phakic eye, can accurately correct 
myopia and are easy to manage surgically. The procedure is reversible and accom
modation is preserved However, the first generation angle-supported lOLs was 
associated with unacceptable endothelial cell changes. Baikoffei al (1998) reported 
on second generation angle-supported lOLs. They calculated that after an initial 
cell loss of 4% a gradual cell loss of 0.7% per year was slightly greater than the 0 3-
0.5% estimated loss in normal eyes of comparable age. Pupil ovahzation increased 
over time and was demonstrated in 27% of the eyes after 3 years Phenomena of 
halos or glare were reported in 10-15% of the eyes Other complications are 
reported in a maximum of 4% of the eyes early corneal oedema (resolving within 
a month), uveitis, pupillary block, flat antenor chamber, IOL rotation or displace
ment Removal of IOL was performed in 5%, 3% of these eyes had new lenses 
implanted. 

This study started off with 120 patients with 134 IOL implantations, but this 
number decreased dunng the 36-month follow-up penod. After 3 years only 35 
eyes remained for final examination. 
The authors conclude that because of the relatively high incidence of halos/glare 
as well as the ins retraction with pupillary ovalization, a third generation IOL 
needed to be developed. This IOL not only had a larger optical diameter but also 
the position and shape of the haptics were changed to ensure that the footplates 
fitted in better with the indocorneal angle geometry. 
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With the introduction of the iris-claw-intraocular lens, the Baikoff model angle 
supported IOL was essentially abandoned in our country. 

Intraocular lenses placed into the posterior chamber of the phakic eye (ICL·) are made of 

a foldable collagen-HEMA copolymer with a total diameter of 10.8 to 13 mm. 
Ideally the implanted lens is placed in the ciliary sulcus or has support of the 
zonular fibres. There ought to be a distance between the anterior lens capsule and 
the ICL. Good results are obtained regarding the correction of the refractive error 
(Rosen and Gore 1998). However, various complications are reported: pupillary 
block, increase of intraocular pressure, decentration of ICL, broken or inverted 
ICL (Zaldivar et al. 1998). 
Opacification of the crystalline lens is reported. Whether cataract will develop 
more frequently is still to be seen in future (Fink et al. 1999). 
The authors suggest that the ICL might cause dispersion of pigment, which could 
possibly be diminished by performing a peripheral iridectomy using laser. 
The limited number of reports found in literature indicates that the technique of 
ICL implantation into the phakic posterior chamber has not gained wide accep
tance yet. 

Clear lens extraction 
Surgical removal of the clear crystalline lens may be performed merely with the 
goal of refractive surgery. Clearly, this procedure leads to greater changes in the 
anatomical structures and therefore consideration of the associated risks is manda
tory. Especially the occurrence of retinal detachment is a concern. 
Originally the surgery was performed to achieve aphakia. An incidence of retinal 
detachment of 7% was reported in a series of aphakic eyes following clear lens 
extraction evaluated 31 months after the operation (Barraquer et al. 1994). The 
incidence was significantly higher in eyes in which YAG laser for posterior 
capsular opacification was performed too. In this series intracapsular and extracap
sular cataract extraction techniques were used. 

Lyle and Lin (1994) reported favorable visual results performing lens extraction 
using phaco-fragmentation and IOL implantation (see table 3) in 31 eyes. YAG 
laser intervention was performed in 58% of the eyes after a mean follow-up period 
of 22 months. No retinal detachments occurred. 
Colin and Robinet (1997) also performed clear lens extraction using phaco-frag
mentation and implantation of a posterior chamber intraocular lens in 49 eyes. 
Four years after the operation the incidence of retinal detachment was 2%. 
Nd:YAG laser treatment was earned out in 37% of the eyes. 
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Normal lifetime nsk of retinal detachment in a myopic eye with no surgery is 
2.4%, a yearly nsk of 0 006% Colin and Robinet (1997) question whether a nsk 
of 1.9% after 4 years is acceptable 
The improvement of the surgical technique and the implantation of an IOL have 
made clear lens extraction as a refractive procedure more accurate and safe 
However, accommodation is lost and the nsk of development of a retinal detach
ment must be taken into account 

Combined procedures 
Combinations of surgical procedures may be used to treat extreme amounts of 
myopia 
Astudillo and Ortiz (1999) used LASIK and PRK for the treatment of extreme 
myopia (-38 and -39 D) of both eyes of 1 patient. 
Guell et al. (1999) descnbe using an ins claw phakic IOL combined with LASIK 
in 8 eyes of 6 patients whose preoperative refractive error ranged from —16 to —23 
D 
The use of LASIK to correct remaining myopia after ICL implantation in eyes 
with extreme myopia has also been descnbed (Zaldivar et al 1999) 

Astigmatism 

Alternatives to treat astigmatism should be divided into treatment for 
• myopic astigmatism, 
• mixed astigmatism; 
• hyperopic astigmatism. 

Myopic astigmatism 

Excimer laser keratectomy, reshaping the cornea by photoablation, only has 
limited applicability in the treatment of astigmatism. Low ranges (up to 5 or 6 D) 
of astigmatism may be corrected 
Transversely placed keratotomy incisions have a comparable range of applicability 
(low amounts of astigmatism), but induce less hyperopic shift In order to treat 
myopic astigmatism effectively different refractive surgery techniques will have 
to be combined. 

Mixed astigmatism 

Incisions in the cornea can be placed in different ways, with subsequent different 
results. 
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Κ) Table 3 An 

Surgical 
procedure 

PRK 

PRK 

PRK 

PRK 

LASIK 

LASIK 

LASIK 

IOL claw 

o v e r v i e w c 

First author 

S h e r , w 

Menezo""5 

Tuunanen 
1998 

Hersh"'9' 

Herch"98' 

Salah"96 

Pérez-
Santonja1997 

Landesz"95 

>f pubUshed reports o n treatment o f h igh myop ia us ing v a n o u s treatment 

Mean preop. 
SE (D) ± SD 
(range) 

-11 ±1.9 
(-8 to -15.2) 

-9 .6 ±1.8 
(-6 to -12) 

-14.7 ±5.3 
(-12 to -22) 

-9 .4 ±1.1 
(-8 to-11.5) 

-9 .2 ±1.8 
(-6 to -15) 

-9 .3 ±1.7 
(-6 to -13.9) 

nr 
(-6 to -12) 

nr 
(-12 to -20) 

-13.1 ±2.9 
(-8 to -20) 

-14.7 ±4.9 
(-5 to -20) 

Nr eyes/nr 
patients 

4 8 / 3 8 

88 

45 

2 4 / 2 4 

105 

115 

29 

19 

143 

35/18 

Follow-up 
(mo) 

12* 

12 

12 

12 

6 

6 

mean 5.2 
(3 to 8) 

mean 5.2 
(3-8) 

6 

6 

Mean postop 
SE (D) ± SD 
(range) 

0.7 ±1.7 

-0 .6 ±0.7 

-5 .5 ±5 

-0 .4 ±1.6 
(-4 to +3.1) 

-1 .0 ±1.0 
(-3.2 to+1.4) 

-1 .3 ±12 
(-5 to +1.1) 

vide infra, 
reported for 
total group 

0.2 ±1.4 
(-3.6 to +6.7) 

0.2 ±1.7 

-0 .8 

SE s ID 
(% of eyes) 

58 

78 

37 

67 

57 

40 

65 

43 

60 

81$ 

SE s 2D 
(% of eyes) 

75 

nr 

nr 

68 

90 

71 

nr 

nr 

nr 

nr 

methods 

UCVA 
a 0.5 
(% of eyes) 

60 

nr 

26 

33 

66 

56 

62 

37 

46 

37 

Loss of 
BCVA: 
ï 2 lines 

15 

0 

7 (1 or 2 
lines) 

4 

11 

3 

vide infra 
reported 
for total 
group 

3.6# 

1.2 

3 



lOL claw 

lOL angle-
supported 

ICL 

Clear lens 
extraction 

Clear lens 
extraction 

Fechner1999 

Baikofi1998 

Zaldivar'999 

Lyle1994 

Colin1997 

-15.3 ±2.9 
(-10.2 to -20) 

-12.5 ±2.6 
(-7 to-18.8) 

-13.4 ±2.2 
(-8.5 to -18.6) 

-12 
(-8 to -20.5) 

-17 (i-12) 
(axial length 
26mm) 

68 

130/ 107 

124/85 

31 

4 9 / 2 9 

6 

12 (n-91) 

mean 11 (1 
to 36) 

mean 21.7 
(6 to 57) 

48 

-0.9 ±1.4 
(-8 to+1.5) 

-0.9 
(-4 to +1) 

-0.8 ±0.9 
(-3.5 to+1.6) 

-0.6 
(-2.2 to +1.6) 

-0.9 ±0.9 
(-2.75 to +2) 

75 

62 

69 

68 

63 

96 

87 

nr 

90 

91 

nr 

38 

80 

77 

82(+YAG) 
56(-YAG) 

@ 

2-8% (1-3 
year FU) 

1 

0 

nr : not recorded 
SE: spherical equivalent 
SD: standard deviation 
* : 11 (23%) retreatments excluded 
# : 3 eyes, of which 2 eyes due to maculopathy 
$ : after excluding 3 eyes with intentional undercorrection 
@: In 17 of these 127 eyes (which formed the study group with baseline myopia -5 to -31.7 D) significant endothelial cell loss was found 
during the 4-year follow-up. In 11 eyes IOL exchange, clear lens extraction and postenor lens implantation was planned. For 4 of these cases 
a corneal transplantation was planned simultaneously. One case of retinal detachment was reported. 
+YAG/-YAG: a YAG laser capsulotomy was/was not performed. 
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Transversely placed keratotomies may be applied in a (semi-)circular shape on both 
sides of the steep meridian of the cornea Straight or trapezoidal keratotomies may 
also be applied. These procedures are in general effective only treating low 
amounts of astigmatism. Impact on the spherical equivalent of the refraction is 
limited: the effect of flattening of the steep meridian is accompanied by a steepen 
ing effect of the flat meridian (Ibrahim et al 1991, Factorovich et al 1999) The 
effect of the keratotomies on the cylindrical as well as sphencal component is 
highly variable. 

Hyperopic astigmatism 

It has been suggested that the application of holmium laser on either side of the 
flat meridian is effective treating astigmatism by steepening the flat meridian 
Simultaneously a secondary steepening of the corneal curvature resulted in a 
hyperopic correction, 0.5 D of sphencal equivalent for each diopter of astigmatic 
change (Thompson et al 1993). 
However, eyes treated for hyperopic astigmatism using Ho-LTK showed consider
able regression When Ho-LTK is applied for astigmatism as well as hyperopia, 
the effect is disappointing (Cherry 1996). 
Correction of hyperopic astigmatism using excimer laser may be performed by 
removing more corneal tissue in the steep meridian than in the flat meridian. 
Ablation profiles may be created according to individual wishes, provided that the 
limitations with regard to tissue removal, optimum central optical zone diameter 
and peripheral transition zone are respected. Regression of effect, glare and 
diminished contrast sensitivity are to be considered 
Keratotomy is not used to correct hyperopic astigmatism. 

Hyperopia 

Apart from Holmium laser LTK, treatment methods used to correct hyperopia 
include PRK, LASIK or the implantation of intraocular lenses, either into the 
antenor or into the postenor chamber. 
The use of PRK is limited to treat low amounts of hyperopia (up to about +4 D) 
only. Concerns are a moderate predictability, a slow recovery of visual acuity and 
continued regression during at least 6 to 12 months More intense haze formation 
was seen using hyperopic PRK as compared to myopic PRK In literature only 
studies showing results of treatment on small numbers of eyes can be found (Pietila 
et al 1997, Carones et al 1998, Jackson et al 1998). 
The use of LASIK to treat hyperopia also has its restrictions, following the correc-
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tion of more than +5 D of hyperopia, loss of BCVA occurred in a significant 
number of eyes and accuracy was insufficient (Arbelaez and Knorz 1999). 
The use of ICL implants to correct moderate and high hyperopia (+3.73 to +10.5 
D) is described in small numbers of eyes. Complications of pupillary block and 
cataract are reported, which may be attributed to the small dimension of the 
anterior chamber in hyperopic eyes (Davidorf et al. 1998, Pesando et al. 1999). 
Sanders et al. (1999) report no such complications 6 months after the operation, 
performing 2 peripheral iridectomies. 

Iris-claw lenses are also available for the correction of hyperopia. Antenor chamber 
depth needs to be sufficient and peripheral iridotomies need to be performed. 
Preliminary results are reported after a follow-up of at least 12 months by Fechner 
et al. (1998) who implanted this lens in 69 eyes with preoperative hyperopia of 
+6 to 18 D. Life-long follow-up of endothelial cell counting is advised. 
Clear lens extraction with implantation of a posterior chamber IOL may correct 
hyperopia too. However, accommodation is no longer possible and complications 
related to intraocular surgery may arise. Reports showing results for only small 
numbers of eyes have been published thus far. Vicary et al. (1999) report results 
of this operation in 96 eyes with preoperative hyperopia of+ 11.6 D at the most. 
In eyes with low hyperopia (up to +5 D) the final refraction achieved after the 
operation was accurate. In eyes with high hyperopia that require an IOL power 
exceeding the maximum available, Kolahdouz-Isfahani et al. (1999) advocate a 
piggy-back construction where 2 intraocular lenses are inserted into the posterior 
chamber. In all instances the intraocular anatomical dimensions need to be assessed 
before this surgery can be considered. 
At this moment no preferred treatment method for hyperopia exists. 
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Chapter 3 

Abstract 

Objective: Evaluation of the first excimer laser treatments for myopia. 
Design: Descriptive. 
Setting: Excimer Laser Center, Department of Ophthalmology, Nijmegen, the 
Netherlands 
Method: Three hundred twelve patients underwent spherical excimer laser treat
ment to correct myopia of 1.2 up to 10 diopters (D) between February 1992 and 
October 1993. Two hundred forty-five patients were examined after a follow-up 
of at least 1 year; 36 retreatments were carried out. Group 1 (treated for myopia 
between 1.2 and 6 D) numbered 174 patients, group 2 (6.1 - 10 D) consisted of 
71 patients. 
Results: Examined after 1 year or just before retreatment 79% of group 1 and 48% 
of group 2 achieved a refractive correction within 1 D of the attempted correction. 
Visual acuity without correction was 0.5 or better in 94% of group 1 and in 76% 
of group 2. Less than 1% (n - 1) of group 1 and 6% (n - 4) of group 2 lost more 
than 1 line of best corrected visual acuity. Retreatment could correct 50% of those 
eyes that did not achieve a refraction within 1 D of attempted correction pre
viously. Loss of visual acuity was corrected by retreatment in 5 of 6 eyes of group 
1 and in 7 of 11 eyes of group 2. 

Conclusion: Based on a follow-up period of 1 year, refractive surgery using excimer 
laser appears to correct myopia between 1 and 10 D effectively. Predictability 
diminishes when higher amounts of refractive error are corrected. Providing 
thorough information to the patients regarding the expected results will prevent 
disappointment. 
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Introduction 

Radial keratotomy as a worldwide technique in refractive surgery is slowly being 
pushed aside by laser surgery of the cornea Using the excimer laser corneal tissue 
can be removed very precisely. The corneal curvature is changed by applying the 
laser beam on the cornea by opening a diaphragm with a diameter of up to 5 mm 
diameter. A hyperopic change in refraction is achieved by flattening of the corneal 
curvature. This method of treatment is used to correct myopia. In this journal 
Oosterhuis1 was the first to describe the method, discussing the Health Advisory 
Board's report.2 

In February 1992 the excimer laser was introduced in Nijmegen to perform 
photorefractive keratectomy and phototherapeutic keratectomy Dutch results will 
be evaluated in a research group. 
This study will present the results of PRK in the treatment of myopia Efficacy 
and safety will be discussed, presenting data as suggested by Wanng. 
The following will be considered 
• Was attempted correction achieved? 
• Was a visual acuity (without correction) of 0.5 or better achieved in those eyes 

in which emmetropia was the aim of the treatment (0 5 being the driving 
licence limit)? 

• Was preoperative visual acuity with spectacle correction maintained after the 
operation? 

Some patients underwent a second excimer laser treatment (retreatment of the 
same eye) to correct remaining myopia. In a few eyes retreatment was necessary 
because of loss of spectacle corrected visual acuity. Results of these retreatments 
will also be discussed. 

Patients and methods 

Selection of patients, information to patients 
Treatment of spherical myopia using PRK was possible for up to 10 diopters (D). 
Minimum age of 18 years was required, as well as a stable refractive anomaly. 
Exclusion criteria were: ocular diseases like keratitis sicca, blepharitis, keratoconus, 
or other corneal diseases Unilateral amblyopia or immunological diseases were 
contra-indications as well. 
Patients expectations were set to acceptable levels, based on literature and informa
tion from abroad. For example, in eyes with preoperative astigmatism of more 
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than 1 D, the influence of remaining astigmatism on the final visual acuity follow

ing a spherical PRK was explained Presbyopia and its influence on dependence 

on spectacle correction was made clear as well Alternatives for correction of the 

refractive anomaly (spectacle correction, contact lenses) were discussed extensively 

Information was given on possibility of retreatment in cases of resulting myopia 

or corneal opacities, affecting the visual acuity The patient was given the opportu

nity to discuss the amount of myopia to be corrected The aim of the treatment 

was not emmetropia for all of the patients Especially patients with higher amounts 

of myopia and older patients preferred to keep a slight myopic correction An 

"informed consent" was signed preoperatively 

The laser and laser treatment 

The excimer laser system (Excimed UV 200, Summit Technology, Waltham, Mass, 

USA) emits ultraviolet (193 nm) pulsed radiation, producing a fluency of 180 mj 

per square cm Each pulse causes photoablation of corneal tissue of 0 25 μιη Pulse 

frequency is 10 Hz, the beam diameter, restncted by a diaphragm is 5 mm Dunng 

the treatment the patient is asked to watch a fixation light concentnc to the laser 

beam Two HeNe aiming beams enable the surgeon to check whether the position 

of the laser beam hitting the cornea is correct Treatment can be stopped imme

diately when the patient stops fixating and restarted after repositioning 

Before the operation a miotic, an anaesthetic, an antibiotic, and a non-steroidal 

anti-inflammatory drug are instilled in the eye A lid speculum exposes the eye 

Two exercises are performed, familianzing the patient with the treatment After 

mechanical epithelial removal the excimer laser treatment is performed on 

Bowman's layer and the underlying stroma After the operation an antibiotic 

ointment is applied and the eye is patched Topically applied corticosteroids are 

applied 4 times a day dunng 3 months in diminishing frequency Four ophthalmol

ogists performed the surgery ( A F D , P J G L M , P D S , C A E ) 

Follow-up examinations 

After 1, 3, 6, and 12 months examinations took place, investigating visual acuity, 

refraction and corneal properties The visual acuity was measured with and with

out spectacle correction Keratometry and, in selected patients, corneal topography 

were assessed Corneal opacification was (subjectively) graded from 0 (= clear 

cornea) to 4 (- scamng of the cornea) 

Predictability, efficacy and safety, definition of result 

The result of the laser surgery was evaluated after 1 year in all eyes that were 

available and just before the retreatment in the eyes that needed retreatment The 
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predictability was assessed by calculating the number and percentage of eyes 

achieving a change in refraction within 1 D of the attempted correction. The 

efficacy of the treatment was evaluated by assessing the uncorrected visual acuity 

in those eyes where emmetropia was the goal of the PRK The aim of the treat

ment was defined as "emmetropia" when the preoperative refraction and intended 

final refraction did not differ more than 0 5 D and when pre-existent astigmatism 

did not exceed 1 D. The number of eyes with an uncorrected visual acuity 0 5 

or better was expressed. 

The operation was considered to be successful when achieving a refractive error 

within 1 D from the intended final correction, using the calculated spherical 

equivalent (SE) of the manifest refraction (SE = sphencal component + 0.5 χ 

cylindrical component). 

Safety of the treatment was assessed by comparing the visual acuity with spectacle 

correction before and after the operation. Visual acuity was measured using 

Snellen's optotype chart, loss of 2 or more lines of visual acuity is clinically signifi

cant. 

The results of the laser treatment were evaluated using 2 groups: the eyes in the 

fint group were treated for myopia between 1.2 and 6.0 D. The second group was 

treated for myopia between 6.1 and 10 D. 

All results described in percentages refer to the number of known observations. 

The results are presented according to the suggestions of Wanng.3 

Results 

Patients and treatment parameters 

Between February 1992 and October 1993, 312 patients were treated to correct 

myopia between 1.2 and 10 D using excimer laser PRK. Mean age of these 185 

males and 127 females was 33 years (range 18 to 62 years). Two hundred and three 

patients (65%) had both eyes treated. To assess the results of the treatment only 

one eye per patient was included (the first eye treated) to eliminate biased conclu

sions due to dependent observations. 

As mentioned before, these 312 patients were divided into 2 groups: group 1 (mean 

intended change in refraction 4.0 (±1.3) D), consisted of 233 eyes and group 2 

(mean intended change in refraction 7.8 (+1.1) D), consisted of 79 eyes. Sixty-seven 

patients did not attend the examination after 1 year Therefore 245 patients re

mained for final examination- 174 eyes in group 1 and 71 eyes in group 2 A 

retreatment was earned out in 21 eyes of group 1 and in 15 eyes of group 2. 

Emmetropia was aimed at in 143 eyes of group 1 and in 34 eyes of group 2 Uncor-
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rected visual acuity was used to determine whether the operation had been a success 
in these eyes. 

Change in refraction 
One year after the treatment orjust pnor to retreatment 79% of the eyes of group 
1 (138 of 174 eyes) achieved a spherical equivalent refraction within 1 D from the 
intended refraction. This percentage was 48% in the eyes in group 2 (36 of 71 
eyes). Figure 1 shows a scattergram of the intended correction versus the achieved 
correction 1 year after the operation. 
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Figure 1 Attempted correction (x-axis) versus achieved cor
rection (y-axis) after photorefractive keratectomy (follow-
up: 1 year or just before retreatment), in 245 eyes (245 
patients). 

The induced change in refraction showed an over-correction after the first month 
(figure 2) related to the amount of correction: the mean spherical equivalent in 
group 1 in the first month showed less over-correction compared to group 2. In 
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group 1 the mean over-correction (SE) after 1 month was 1.3 (±1.3) D, decreasing 

to 0.3 (±0.9) D after 3 months, -0.5 (±1.3) D after 6 months and -0.2 (±0.9) D 

after 12 months. The mean over-correction (SE) in group 2 was 2.2 (±1.8) D after 

1 month, decreasing to 0.3 (± 1.7) D after 3 months, -1.2 (±2.4) D after 6 months 

and -0.8 (±1.8) D after 12 months. Mean astigmatism was not significantly 

changed after the operation. In group 1 the mean cylinder component was 0.4 

(±0.5) D before the operation and 0.1 (±0.5) D after surgery. In group 2 the mean 

preoperative astigmatism was higher than in group 1 because a higher amount of 

astigmatism was accepted, especially in those eyes where emmetropia was not the 

aim of the treatment. In group 2 the mean cylinder component was 0.6 (±0.9) 

D before the operation and 0.1 (±0.8) D after surgery. 

Q 

+ 1 
c 
υ 

Q 

12 

months 

treatment group: 1.0-<+6.0D > 6.0-10.0 D 

Figure 2 Time course of mean change in spherical equivalent refraction after photorefractive 
keratectomy in 245 eyes (245 patients). 
Strait line: group 1, preoperative spherical equivalent —1.2 D to -6.0 D. 
Dotted line: group 2, preoperative spherical equivalent -6.1 D to -10 D. 
Vertical lines: standard deviation. 
* - attempted correction. 

Uncorrected visual acuity 

As mentioned before, uncorrected visual acuity was only measured in eyes where 

the aim of the treatment was emmetropia: 147 eyes in group 1 and 39 eyes of 

group 2. One year after surgery an uncorrected visual acuity of 0.5 or better was 
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found in 94% of the eyes in group 1 and in 76% of the eyes in group 2. An 
uncorrected visual acuity of 1.0 or better was found in 54% of the eyes of group 
1 and 44% of the eyes of group 2. 

Spectacle corrected visual acuity 

Before the operation mean visual acuity with spectacle correction was 1.0 (±0.1) 
in group 1 and 0.9 (±0.2) in group 2. Twelve months after the operation there 
was no significant difference in spectacle corrected visual acuity as compared to 
preoperatively: a mean visual acuity of 1.0 (±0.2) in group 1 and 0.8 (±0.2) in 
group 2 was found. 
In 6 out of 171 eyes of group 1 (4%) and in 11 out of 65 eyes of group 2 (17%) 
a drop in spectacle corrected visual acuity of more than 1 Snellen line was found, 
measured either after 1 year or just before retreatment. 
Retreatment was performed in 15 eyes. In 4 of these eyes a second retreatment 
was carried out. At the final examination only 5 eyes were seen with a significant 
reduced visual acuity: 1 eye of group 1 (0.6%) and 4 eyes of group 2 (6%). 

Corneal clarity 

All eyes showed some corneal sub-epithelial opacity (haze) after the treatment. 
Significant opacities (grade 3 or 4) were seen in 14 eyes after the first month, in 
28 eyes after the third month and in 37 eyes after the sixth month. One year after 
the operation corneal opacities were reduced in density: only 17 eyes showed 
grade 3 or 4 haze, 8 eyes in group 1 (5%) and 9 eyes in group 2 (15%). 

Halos 

A questionnaire was handed out to the fint 135 patients that were available after 
1 year. The response was 73% (99 patients). Of these 99 patients, 33% of group 
1 reported to observe halos during nighttime. This was also reported by 56% of 
the patients of group 2. We had no method to quantify this complaint. For some 
patients the incidence of halos in one eye led to the decision not to operate on 
the other eye. 

Complications 

Fluoro-cortico-steroids were used during the fint 3 months after surgery. In 2 eyes 
this therapy had to be stopped because of increasing intraocular pressure with more 
than 5 mm Hg. Intra-ocular pressure normalised soon after. A significant decrease 
in visual acuity (spectacle corrected) after the treatment was found in 1 eye of 
group 1 (0.6%) and in 4 eyes in group 2 (6%). 
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Retreatments 

Six to 12 months after the initial PRK a retreatment was performed in 36 eyes 

in 21 of 233 eyes of group 1 (9%) and in 15 on 79 eyes of group 2 (19%). The 

reason for the retreatment was either undercorrection, or loss of spectacle cor

rected visual acuity, or both. The retreatments were earned out using the guide

lines as set out by Seiler et al4 

Thirty-four eyes were retreated to correct undercorrection For 16 eyes the result 

of the operation was within 1 D of the initially intended correction; 2 of these 34 

eyes lost spectacle-corrected visual acuity after the retreatment. In 1 of these 2 eyes 

a second retreatment restored visual acuity. 

Nine eyes were retreated for loss of visual acuity. Six of these eyes regained their 

original visual acuity. Two of the remaining 3 eyes were retreated successfully a 

second time. 

At the final examination 6 to 18 months after retreatment 3 eyes showed signifi

cant loss of spectacle corrected visual acuity and 18 eyes achieved a final refraction 

which differed more than 1 D from the intended refraction. 

Discussion 

Trokel et al} were the first to report on the effect of excimer laser treatment on 

the cornea. The excimer laser causes photo-ablation by photo-molecular decom

pensation After the quantification of the effect, the laser was applied to the cornea 

in order to change the corneal curvature and its refractive characteristics. ' Mar

shall et alη emphasized that the 193 nm excimer laser did not have mutagenic 

characteristics. They also noted that the endothelium could not be damaged by 

the ultra-violet wavelength, allowing only very superficial penetration. Amano 

and Shimuzu8, and Roza et al 9 recently confirmed this Soon after algorithms had 

been developed, the first results of laser treatment on human eyes were published. 

The first eyes to be treated were eyes with subnormal visual acuity, later healthy 

human eyes were included as well.1CM2 While several researchers1 " 0 have published 

their results after a follow-up of 1 or 2 years, the phase 3 application for the Food 

and Drug Administration in the USA is expected to be approved soon, detailing 

results after a follow-up period of 4 years. 

An overview of the results of PPJC treatment after a follow-up penod of at least 

1 year by different researchers is presented in the following table It is remarkable 

that the treatment parameters of the different researchers vary, and that some 

authors include both eyes of the same patient in 1 study. Gartry et a/.13 studied 
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small groups, each containing a fixed number of eyes that were treated for the 

same amount of diopters. 

In our study, not all patients were available for assessment at all examinations. W e 

decided to calculate percentages by taking the number of known data in the 

denominator. Sixty-seven (21%) of the original number of patients were not 

available for follow-up. W e consider this as having had a negative effect on the 

results. 

Table Published results on photorefractive keratectomy for myopia after 1 year 

First author 

Seiler14 

Gartry*13 

Tengroth15 

Salz'6 

Piebenga' 

Dutt18 

Sher" 

Maguen20 

Eggmk# 

Attempted 

correction: 

range (D) 

1 . 2 5 - 6 

6 - 9 

3 

6 

1 .25 -7 .5 

1 - 7 . 5 

1 - 6 

1 .5 -6 .1 

8 . 0 - 1 5 . 2 5 

1 - 7 . 7 5 

1 . 2 - 6 

6.1 - 1 0 

Nr. eyes 

(nr. patients) 

127 (89) 

27 (19) 

20 (20) 

20 (20) 

420 (420) 

71 (71) 
70 (70) 

35(?) 

40(?) 

149 (?) 

174 (174) 

71 (71) 

Sphencal 

equivalent of 

refraction 

i l D 

(% eyes) 

>91.8 

44.4 

70 

40 

86 

84.5 

71 

80 

58 

79 

79 

48 

Uncorrected 

visual acuity 

^ 0 . 5 
(% eyes) 

>96 

52 

78 

63 
91 

91.3 

75 

94 

60 

89 

94 

76 

Loss of spec

tacle corrected 

VA >1 line 

(% eyes) 

nr 

1.2 

0 

3 

nr 

1 
0 

0 

15 

4 

0.6 

6 

* Gartry et al. treated per diopter 20 eyes in a prospective study, here only the group treated for 
3 D and 6 D 
# this study 
nr: not recorded 

Achieved conection 

T h e treatment is considered to be effective when the difference between intended 

and achieved correction is 1 D or less. According to this definition 71 to 92% of 

the treatments for low to moderate myopia described in literature are effec

tive.13"18,20 O u r results show effectiveness in 79% of the eyes studied. Correction 

of higher amounts of myopia is, in general, less effective.14,1 Our results are 

comparable to those of Seiler and Wollensak14: treatment was effective for 48% 

of the eyes in group 2. 
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Postoperative visual acuity 

The efficacy of the treatment can also be determined by assessing the uncorrected 
visual acuity of the eye after the operation. The other authors showed uncorrected 
visual acuity of 0.5 or better in 75 to 96% or more of the eyes treated for low to 
moderate myopia. In eyes corrected for higher amounts of myopia this visual 
acuity is achieved in 52 to 60%. We found that 94% of the eyes of group 1 and 
76% of the eyes of group 2 achieved a visual acuity of 0.5 or more. 

Safety 

Comparing the spectacle-corrected visual acuity (measured in Snellen lines) before 
and after the operation assesses the safety of the treatment. In literature it is 
demonstrated that photorefractive keratectomy for low to moderate myopia carries 
a low risk of loosing visual acuity: 0 to 4% (see Table). In eyes showing higher 
myopia higher percentages of visual loss are reported. 
Our study showed significant loss of visual acuity (more than 1 line) in 6 eyes of 
group 1 and 11 eyes of group 2, examined one year after treatment or just before 
retreatment. 
At the final examinations of these patients (of whom 16 eyes were retreated) 5 eyes 
still showed significant loss of visual acuity (1 of group 1 and 4 of group 2). 
Our conclusion is that the risk of loss of visual acuity was low in group 1 (1 out 
of 171; 0.6%), but higher in group 2 (4 out of 65; 6%). 
A sub-epithelial opacity was seen in most of the corneas treated by photorefractive 
keratectomy. Most frequently these opacities are barely visible by slit lamp exami
nation. A more serious opacity (grade 3 or 4) was seen significantly more fre
quently in group 2 compared to group 1 (P = 0.026; Fisher's exact test). Several 
authors already observed a correlation between the amount of opacity in the 
cornea after the operation and the intended correction (and thus the depth of the 
keratectomy).13"15 

Halos are reported by 33% of the patients in group 1 and by 56% in group 2. 
Tengroth et al.15 showed that 26% of the patients report seeing halos after 1 year. 
Eighty-two percent of the patients complained about it 3 months after surgery and 
44% still complained after 6 months after surgery. Seiler and Wollensak14 found 
that 32.9% of their patients reported observing halos. The frequency of their 
observations depended on the change of refraction; the percentage of patients 
complaining increased with the amount of diopters treated. 
It is difficult to characterise these halos. One cause of halos could be the fact that 
the pupil enlarges in twilight and enables the incoming light to be refracted by the 
treated zone of the cornea as well as by the untreated zone of the cornea. Halos 
could also be a consequence of diffraction of light due to corneal opacities. Finally, 
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a small amount of remaining myopia may account for a hazy or blurred image 

Performing the photorefractive keratectomy on a treatment zone with a larger 

diameter may reduce the frequency of this complaint 

All studies comparing the result of photorefractive keratectomy with radial 

keratotomy show that the predictability and efficacy are at least comparable, while 

the safety of the PRK is much better 1 3 1 4 1 6 

In radial keratotomy incisions are placed, which make the cornea much more 

vulnerable After a superficial keratectomy (in a 10 D-PRK the depth of ablation 

is 91 67 μιη compared to a normal corneal thickness of 500 μιη) the eye remains 

very stable 21 Whether the removal of Bowman's membrane influences the result 

of the surgery is not yet known 

Seiler et al 4 published results of retreatment of eyes showing either an under-

correction (11 eyes) or a superficial stromal opacity (27 eyes, mostly undercor-

rected too) following PRK Six months after retreatment the refraction in 63% 

of the eyes was within 1 D of the intended refraction Epstein et al22 performed 

retreatments in 17 eyes at least 1 year after the initial treatment and demonstrated 

that the final refraction in 58 8% of the eyes was within 1 D of the intended 

refraction, measured after six months The results of our retreatments were 

somewhat less successful 

Conclusion 

Refractive surgery, performed on healthy eyes with good visual acuity, is a 

cosmetica! treatment as long as there are no disabilities, like acquired anisometropia 

or an intolerance of contact-lenses or spectacles 

The result of photorefractive keratectomy, clearly influenced by the individual 

wound healing process, depends on the amount of myopia corrected 

predictability decreases when the amount of myopia to be corrected is higher 

Especially after treatment of more than 6 D it will be less probable that a final 

refraction within 1 D of the intended correction will be achieved Moreover, a 

higher risk of loosing spectacle-corrected visual acuity must be expected In this 

group of high myopia retreatment was performed more frequently The refrac

tion seemed to stabilise after 6 months However, studies allowing proper 

evaluation over a longer penod of time are necessary Senous complications 

were not encountered 

We are sure that giving accurate information to the patient is beneficial for the 

success of the treatment The uncorrected visual acuity following PRK treatment 

will not be comparable to the spectacle corrected visual acuity before the opera-
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don. A pair of spectacles or contact-lenses can easily be changed for a pair with 

a different correction to achieve emmetropia. 

The patient needs to be convinced that an operation involving photorefractive 

keratectomy is irreversible and may result in remaining optical aberrations. The 

patient also needs to be informed that presbyopia will not be prevented by this 

operation. 

Based on our study and on the literature we conclude that photorefractive 

keratectomy with excimer laser is an effective and safe method of treatment for 

myopia, provided the patient is well informed. 
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Chapter 4 

Abstract 

Purpose: To evaluate efficacy, safety, and stability of photoastigmatic keratectomy 
(PARK) earned out with a Summit Apex Plus laser using an ablatable mask 
Methods: Forty-one eyes of 41 patients with myopic astigmatism with follow-up 
12 months were evaluated. Treatment efficacy was compared in groups with high 
(>6 D) versus low (^6 D) preoperative spherical equivalent subjective manifest 
refraction, in groups with high (>2 D) versus low (<.2 D) preoperative cylindrical 
component and in groups divided according to preoperative axis of cylinder. 
Results ' At 12 months after surgery, mean spherical equivalent manifest refraction 
in all 41 eyes was -0.3 (±0.9) D. Mean cylinder component was 0 6 (±0.7) D 
Mean reduction in astigmatic component was 67 (±47)%. Uncorrected visual 
acuity of 0.5 or more was achieved in 79% of eyes; 71% of eyes achieved 0.8 or 
more. At 1 month after surgery, 49% of eyes had a loss of 2 or more lines of 
spectacle-corrected visual acuity. This loss was restored at 12 months. No statisti
cally significant differences were found between the different subgroups. 
Conclusion· Photoastigmatic keratectomy with ablatable mask gives satisfactory 
results. No relation in efficacy was found when taking into account the amount 
of preoperative spherical component, the cylindrical component, or the cylinder 
axis direction. 
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Introduction 

Photoastigmatic refractive keratectomy (PARK) is the ablation of corneal tissue 
in a tone shape to treat astigmatic refractive aberrations. 
The ablatable mask is a cylindrical shaped polymethyl methacrylate (PMMA) 
button mounted on a quartz plate. This PMMA button is ablated first. The 
concave shape permits the excimer laser beam to hit the corneal tissue first at the 
thinnest centre of the button, then progress to the rim of the button. The shape 
of the button is in this way imprinted on the cornea (figure 1). 

LASER LASER 

Mi Lkl 

Figure 1A Ablatable mask, a cylindrical 

shaped PMMA button, mounted on a quartz 

plate, placed in the laser beam. 

Figure IB After laser ablation of the PMMA 

button, ablation of the cornea follows, 

achieving a photoablation profile conform 

the shape of the mask. 

Figure 1C Using a mask for myopic astigmatism, 

the central cornea will be hit fint. More tissue from 

the central cornea than from the paracentral cornea 

will be removed. 
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The erodible mask was first introduced in a hand held cup1, but this system proved 
to be inaccurate.2 A mechanical device mounted on the microscope surmounted 
these difficulties of the hand held system.3 

Since April 1996, we have used the ablatable mask in the delivery system of the 
Summit Technology Apex Plus excimer laser. 
This report discusses our experience with the treatment of myopic astigmatism 
in 41 eyes with a follow-up of at least 12 months. 

Patients and methods 

Between April 1996 and May 1997, 46 eyes of 46 patients consecutively under
went correction of myopic astigmatism by PARK using an ablatable mask. 
Patients with refractive myopic astigmatism were treated with PARK to treat a 
cylinder component of 1 diopter (D) up to 4 D and a spherical component up to 
10 D. Only first eyes were included in the study to eliminate bias. All patients 
were asked to sign an informed consent preoperatively. 
The laser treatment was performed using the Summit Apex Plus system (Summit 
Technology Inc., Waltham, MA), adjusted with the "mask-in-the-rail-system" 
(energy fluency 160 mj/cm2, pulse rate 10 Hz). A sequential mode technique was 
applied: after correcting the myopic component by spherical PRK (treatment zone 
up to 6.5 mm), the appropriate mask was placed in the holder and the cylindrical 
component was corrected (treatment zone 6,5 mm). Axis alignment was parallel 
to the cylindrical minus axis of the subjective refractive measurement. The 
manually performed alignment of the mask in its holder has an estimated accuracy 
of about ±2°. Aside from proper positioning of the patient, no further measure
ments were taken regarding alignment. Treatment parameters were based on the 
measurements of subjective refraction. 

Preoperatively, topical anaesthetic (oxybuprocaine 0.4%), antibiotic (chloram
phenicol 0.4%), and pilocapine 2% were applied. Postoperatively, a nonsteroidal 
anti-inflammatory drug was applied locally to reduce postoperative pain combined 
with an antibiotic ointment (chloramphenicol). Topical fluorometholone 0.1% 
was prescribed 3 times a day in all cases, to start after closing of the epithelial 
defect, in a reducing frequency over 3 months. 
Postoperatively, assessment of uncorrected visual acuity (UCVA), measurement 
of subjective manifest spherical equivalent refraction (spectacle plane) with the 
associated spectacle correction was performed at 1, 3, 6 and 12 months. Analysis 
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of the data has been performed with special attention to the efficacy of the astig
matism correction by applying the analysis method described by Alpins.4 

To study the influence of preoperative characteristics (amount of myopia, astigma
tism and cylinder axis direction) on the efficacy of treatment, subgroup analysis 
was performed. Forty-one eyes were divided according to their preoperative 
myopia spherical equivalent (<6 D venus >6 D), preoperative cylinder component 
of subjective manifest refraction (cylinder <2 D versus >2 D) and preoperative 
cylinder axis of subjective manifest refraction: with-the-rule or against-the-rule 
(the latter defined as axis on 46° to 134°). 

Statistical significance of the achieved effect was studied using Wilcoxon 2-sample 
test. 

Results 

Patient population 

Between April 1996 and May 1997, 46 eyes of 46 patients underwent PARK for 
myopic astigmatism, using an ablatable "mask-in-the-rail" system. 
During the 1-year follow-up period, 3 eyes were retreated (2 eyes received 
additional transverse cuts, and in 1 eye retreatment for residual myopia was 
performed with the excimer laser); 2 patients did not return for follow-up exami
nations. 

The 41 eyes that reached 1-year follow-up are included in this retrospective study. 
This group of patients consisted of 21 females and 20 males, mean age was 35.7 
(±9.4) years, ranging from 21 to 57 years. 
Preoperatively, mean manifest subjective spherical equivalent refraction was —5.6 
(±2.0) D, ranging from -1.9 to -9.5 D. 
Nine of the eyes had a preoperative spherical equivalent refraction of more than 
-6.0 D. 
The mean preoperative cylindrical component was 1.8 (±0.9) D, ranging from 
1.0 to 5.5 D. 
The treatment consisted of a mean spherical component correction of-4.4 (±1.8) 
D, ranging from —0.7 to —7.7 D followed by a mean cylindrical component 
correction of—1.7 (±0.8) D, ranging from 1 to 4 D. 
Treatment axis of cylinder was consistent with the preoperative axis of cylinder 
in all eyes. 
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Refractive outcome 

Results of postoperative subjective manifest refraction of the overall group at 
different follow-up time intervals are given in Table 1. At 12 months after surgery, 
mean spherical equivalent was —0.3 (±0.9) D. 

Table 1 Refractive outcome after PARK with ablatable mask for myopic 
astigmatism 

Time after 
surgery (mo) 

preoperative 
1 
3 
6 
12 

No eyes 

41 
36 
39 
36 
41 

Subjective manifest refraction 

Sphencal 
equivalent (D) 
±SD 

-5.6 ± 2.0 
0.4 ± 1.0 

-0.1 ± 0.9 
-0.3 ± 1.2 
-0.3 ± 0.9 

Cylindncal 
component (D) 
±SD 

1.8 ±0.9 
0.6 ± 0.6 
0.6 ± 0.6 
0.5 ± 0.5 
0.6 ± 0.7 

Axis rotation 
>5 0 

(% of eyes) 

61 
51 
47 
49 

Axis rotation 
>450 

(% of eyes) 

53 
26 
19 
12 

Change in cylindrical axis is also given in Table 1. An axis rotation of more than 
45 0 can be considered to be an overcorrection clinically. Forty-one percent of eyes 
showed an axis rotation of more than 10°, including 12% overcorrections (not 
shown in tables). 
Table 2 shows data regarding efficacy, predictability, and safety over time. 
Achieved correction is plotted against attempted correction in Figure 2 (p. 101). 
Two serious overcorrections occurred: and led to spherical equivalent refractions 
of 1.8 D and 2.0 D at 12 months. 
At 1-month follow-up, 56% of the eyes achieved a correction within 1 D of target 
correction. This percentage was 79% at 3 months, 78% at 6 months and 85% at 
12 months. 
Table 2 also gives the amount of reduction of astigmatism at different time inter
vals. This approximated 67% at 12 months (with a standard deviation of 47%). 
Vector analysis using the method described by Alpins4 was performed to measure 
the accuracy of the astigmatic correction (Table 3). 
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Table 2 Outcomes after PARK with an ablatable mask for myopic astigmatism 

Time after 

surgery 

(mo) 

1 mo 

3 mo 

6 mo 

12 mo 

No. eyes 

36 

39 

36 

41 

Subjective 

Sphencal 

equivalent 

± 0 . 5 D 
(% eyes) 

49 

74 

69 

73 

manifest refraction 

Sphencal Cylindrical 

equivalent 

± 1.0 D 
(% eyes) 

67 

92 

86 

85 

component 

± 1.0 D 

(% eyes) 

80 

87 

86 

85 

Mean % re

duction of 

astigmatism 

± S D 

62 ± 4 1 

66 ± 3 9 

69 ± 3 4 

67 ± 4 7 

Visual acuity 

Reduction 

ofastigm. 

s l . O D 
(% eyes) 

61 

77 

72 

71 

UCVA 

0.5 

(% 

57 

84 

90 

79 

or more 

eyes) 

UCVA 

0.8 or more 

(% eyes) 

18 

56 

71 

71 

SCVA 

loss of 2 or 

more lines 
(% eyes) 

49 

11 

6 

0 

SD: standard deviation; 

UCVA: uncorrected visual acuity; 

SCVA: spectacle corrected visual acuity 
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A t t a m p t a a S p n a n c a l aau ι v a l a n t (O] 

Figure 2 Scattergram shows sphencal equivalent refraction 
attempted correction versus achieved correction at 12 months 
in 41 eyes with myopic astigmatism after PARK with an 
ablatable mask. 

T h e mean astigmatism correction index approximated 1 at 6 and 12 months, 

however, the mean index of success approximated only 0.35. The difference is 

explained by the angle of error, which, though small on average (-6.4 at 6 months 

and 0.3 at 12 months), had a large standard deviation. 

Figure 3 shows the relation between targeted induced astigmatism and surgically 

induced astigmatism at 12 months. 

Safety 

N o serious complications were encountered related to treatment. An important 

finding was a reduced visual acuity (with spectacle correction) in the first recovery 

period after P A R K . In the fint postoperative month, 4 9 % of eyes lost 2 or more 

Snellen lines of spectacle-corrected visual acuity. This alarming situation was 

caused by an irregular corneal surface, as observed on keratoscopic images, and 

was restored over time. At 12 months, no loss of spectacle-corrected visual acuity 

of more than 1 Snellen line was observed. In the first m o n t h after surgery, a high 

percentage of axis rotation more than 5° was found. Apart from overcorrection 

of the cylinder component, corneal irregularity can account for this p h e n o m e n o n . 
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Photorefractive keratectomy with an ablatable mask for myopic astigmatism 

Figure 3 Scattergram shows the correlation between targeted 
induced astigmatism and surgically induced astigmatism in diop
ters in 41 eyes with myopic astigmatism after PARK with an 
ablatable mask 

Stability 

The sphencal equivalent of the subjective manifest refraction shows stability from 
3 months to 12 months after surgery (within 0 5 D) Although statistically signifi
cant (P - 04, signed-rank test), this difference was not relevant clinically (mean 
change in sphencal equivalent manifest refraction was 0 2 D) No other difference 
was found to be statistically significant (P > 10) The mean change in spherical 
equivalent manifest refraction between 1 and 3 months was within 1 D (Table 1) 
The time course and distnbution of sphencal equivalent manifest refraction is 
shown in Figure 4 

Changes in cyhndncal component showed good stability in terms of means, the 
standard deviation, however, was large (Table 2) 

Subgroup analyses 

Results of the subgroup analyses are shown in Table 3 
Between the subgroups with high (>6 D) and low (<6 D) preoperative spherical 
equivalent manifest refraction, no statistical significant differences were found at 
12 months in mean postoperative sphencal equivalent manifest refraction, mean 
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Table 3 Subgroup analysis of 41 eyes, 12 months after PARK for myopic astigmatism with an ablatable mask 

Preoperative Postoperative 12 months 

Group 

Manifest refraction (mean±SD) Alpins' analysis of astigmatism (mean±SD) 

No 
eyes 

Spherical Cylindncal Spherical Cylindrical 
equivalent component equivalent component 
(D) (D) (D) (mean ±SD) 

ACI IS Angle of 
error 

All 

SE S 6D 

SE>6D 

Cyl s 2D 

Cyl > 2D 

"with the rule" 

"against the rule" 

41 -5 6 ± 2 0 1 8 ± 0 9 

32 - 4 9 ± 1 6 1 9 ± 1 0 

9 -8 3 ± 0 9 1 7 ± 0 6 

33 -5 4 ± 2 0 1 5 ± 0 4 

8 - 6 4 ± 2 0 3 3 ± 10 

36 -5 8 ± 1 9 1 9 ± 1 0 

5 ^ 6 ± 3 1 1 5 ± 0 4 

- 0 3 ± 0 9 0 6 ± 0 7 

- 0 1 ± 0 8 0 6 ± 0 7 

- 0 7 ± 13 0 6 ± 0 7 

- 0 4 ± 10 0 5 ± 0 7 

0 2 ± 0 3 0 9 ± 0 8 

- 0 2 ± 0 9 0 6 ± 0 7 

- 0 5 ± 12 0 2 ± 0 3 

1 01 ± 0 30 0 35 ± 0 48 +0 3 ± 23 5 

0 99 ± 0 31 0 36 ± 0 56 +3 0 ± 23 4 

1 10 ± 0 28 0 34 ± 0 42 -9 3 ± 22 4 

104 ± 0 32 0 39 ± 0 52 +12 ± 2 6 0 

0 89 ± 0 18 0 22 ± 0 22 -3 6 ± 6 3 

1 02 ± 0 31 0 38 ± 0 50 +0 2 ± 25 1 

0 97 ± 0 26 0 16 ± 0 19 +0 7 ± 1 0 

SD standard deviation, 
ACI Astigmatism correction index, 
IS Index of success 



Photorefractive keratectomy with an ablatable mask for myopic astigmatism 

cylindrical component , astigmatism correction index, index of success, or the angle 

of error in vector analysis. 

The same was true for the comparison between the group treated for high astigma

tism (>2 D cylinder) and the group treated for low astigmatism (< 2 D ) . 

T o search for a possible influence of preoperative corneal curvature on the efficacy 

of treatment of astigmatism, two groups were formed: one with preoperative 

astigmatism with-the-rule and a second one with preoperative against-the-rule 

astigmatism. Again, statistically significant differences were not found. 

Figure 4 The time course and distribution of the spherical equivalent 
manifest subjective refraction in 41 eyes with myopic astigmatism after 
PARK with an ablatable mask. 
Mean values and standard deviation are shown. 

Discussion 

Using the ablatable mask to perform PARK, we found that with a mean treatment 

of 5.2 (±1.9) D (spherical equivalent), mean preoperative refractive spherical 

equivalent refraction o f - 5 . 6 (±2.0) D was reduced to a mean —0.3 (±0.9) D; 85% 

of eyes obtained a spherical equivalent manifest refraction within 1 D of e m m e 

tropia at 12 months after PARK. Earlier reports of au thon using other systems 

have described undercorrection with low predictability5,6 and highest efficacy in 

the moderate to high amounts of astigmatism. 
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Carones and colleagues8, using the ablatable mask system, found no significant 

influence of the amount of preoperative spherical equivalent refraction or at

tempted correction of astigmatism. Danjoux and coworkers found that full 

correction of the cylindrical component was not achieved; high attempted astig

matic correction (>3.0 to 5.0 D) had poorer results. 

W e found at 12 months after PARK, a mean remaining cylinder component of 

0.6 (±0.7) D (range 0 to 3.2 D). O f these, 85% were reduced to a cylinder c o m p o 

nent within 1.0 D. Mean reduction of the cylinder component was 67% (±47)%. 

All mean data on the cylindrical component showed stability after 3 months. 

Previous reports on the amount of reduction of astigmatism give a mean reduction 

of 68% up to 88%.5 '6 '7 Standard deviation is not added to the latter, so no comment 

on accuracy can be given. Other studies give a standard deviation of 15% up to 

33%. W e found a 67% reduction of the cylinder component , with a substantial 

standard deviation of 47%. 

COMPARnTIUE 1S0DI0PTRIC MftPPIMG 

45.0 44.5 44.0 43.5 43.1 42.6 42.2 41.7 41.3 43.9 40.5 40.1 39.7 39.3 

Topography (EyeSys Technologies), preoperatively and 1 year after PARK using ablatable mask 
(Spher 3.5 D, Cyl 1.5 D axis 3°, treatment zone diameter 6.5 mm); male, age 46 
Left: preoperative, subjective refraction: S-3.50, C-2.50, axis 3° 
Right: 1 year after surgery, subjective refraction S+1.50, C-1.50, axis 18° 
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The astigmatism correction index, the index of success and the angle of error — 

introduced by Alpins'' — are only used in the study by Danjoux. 9 However, as 

standard deviations were not present in his study, real comparison is precluded. 

In our study, a mean astigmatism correction index of 1.01 suggests a high accuracy, 

but the considerable standard deviation contradicts this. T h e mean index of success 

of 0.35 shows there must be a difference vector between target induced astigma

tism and surgically induced astigmatism (an optimal index of success should 

approximate 0). T h e low mean angle of error of 0.3 shows only that no systematic 

deviation could be found. 

Subgroups defined according to amount of preoperative myopia or astigmatism 

and according to preoperative axis direction did not show statistically significant 

differences. As in the overall group, the subgroups showed considerable standard 

deviations in the results. 

O u r finding, that 79% of the eyes achieved an uncorrected visual acuity of 0.5 or 

more after one year is consistent with other authors. 5 , 6 

Loss of spectacle-corrected visual acuity in 49% of eyes in the first month, due to 

corneal irregularity, was restored at 12 months. 

Reducing myopic astigmatism using an ablatable mask positioned in the laser beam 

at the level of the microscope is possible within certain limits of predictability. An 

influence of the amount of preoperative astigmatism, amount of myopia, or the 

direction of the preoperative cylinder axis could not be found in our series after 

1 year. 

The relatively wide range of the result should preclude optimism regarding the 

expectations of the patient. 
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Abstract 

Purpose. To evaluate the stability of the effect of photorefractive keratectomy to 
treat myopia up to 9 D after a follow-up of at least 4 yean. 
Setting: Excimer laser center Nijmegen, University hospital Nijmegen. 
Method: Of the 68 patients who were initially treated using PRK 33 patients were 
available for follow-up after at least 4 years. Changes in subjective manifest refrac
tion, keratometry values, uncorrected visual acuity (UCVA) and best spectacle 
corrected visual acuity (BSCVA) as well as corneal haze grading were studied, 
companng examinations after 1 year and after 4 years. A subjective evaluation was 
made using a questionnaire at the final examination. 

Results: Mean change in sphencal equivalent measured after 1 year and at the final 
examination was -0.2 (±0.6) D, range —1.5 D to +1.5 D. After retreatment this 
change was —0.4 (±1.5) D, range -2.4 D to +1.1 D. Keratometry showed 0 3 
(±0.2) D change, ranging from -0.3 D to +0.9 D. Changes in UCVA and BSCVA 
were not significant. Haze grading diminished over time. 
Conclusion. Following photorefractive keratectomy to conect myopia up to 9 D 
the sphencal equivalent of the manifest refraction did not show significant changes 
when measured after 1 year and again 37-74 months after the operation. The 
corneal curvature measured by keratometry showed a statistically significant, but 
clinically insignificant change over the same penod of time. 
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Introduction 

Results of treatment of myopia using photorefractive keratectomy (PRK) are 

usually presented after a follow-up penod of 6 or 12 months 

Few studies report on the effect and stability of myopic P R K after a follow-up 

penod exceeding 12 or even 24 months ' 2 3 

Companng mean refraction values at different time points may assess stability 

Another way to assess stability is to calculate the number of eyes that show a 

change in refraction exceeding a certain value, e g 0 5 or 1 diopter (D) This 

number could be expressed in a percentage of the total number of eyes 

In order to study the very long-term effect of P R K to treat low to moderate 

myopia eyes that had been treated at least 4 years ago were evaluated 

Patients and methods 

Between February 1992 and October 1994 sixty-eight patients were treated for 

low to moderate sphencal myopia using P R K All patients treated in this penod 

were requested (up to three times, by letter and telephone) to return to our 

department more than 4 yean after the pnmary P R K in order to assess the objec

tive and subjective situation Thirty-three patients (49%) were able and kind 

enough to show up 

These 33 patients (see table 1) make up the group that was studied and consisted 

of 17 males and 16 females, mean age at time of first P R K 34 0 (±8 6) years, 

ranging from 18 to 52 years 

Table 1 Demography of study group 

Number of eyes ail 33 
Male / female 17 /16 
Mean age (± SD), (range) 34 0 (±8 6) y, 18 to 52y 
Preoperative SE (SMR) (±SD), range -5 1 (±1 7) D, -1 7 to -9 D 

Number of eyes "smgle-PRK-group" 29 
Preoperative SE (SMR) (±SD), range -4 9 (±1 4) D, -1 7 to -7 7 D 

Number of eyes "retreatment-group" 4 

Preoperative SE (SMR) (±SD), range -6 9 (±2 3) D, -3 6 to -9 D 

SD standard deviation, SE shencal equivalent, SMR subjective manifest refraction 
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Twenty-seven patients had PRK performed on both eyes, 6 patients were treated 
in one eye only. 
All 33 patients filled in a questionnaire on subjective perception of the result of 
the treatment. Patients were asked to express "satisfaction" on a 5-grade scale and 
to report on subjective symptoms of halos, glare and ghost images Daily- or 
incidental-wear of glasses or contact-lenses was also assessed. 
Ophthalmological examination consisted of assessment of visual acuity without 
correction (UCVA), visual acuity with spectacle correction (BSCVA), subjective 
manifest refraction, slit-lamp biomicroscopy, keratometry (manually performed) 
and corneal topography (Eye-SYS) 

To ehminate biased results due to dependent observations, we only provide results 
on the first eye treated of each patient. However, one patient underwent astig
matic keratotomy during the follow-up penod of the first eye. Of this patient, only 
the second eye was included into the evaluation. 
The preoperative mean spherical subjective equivalent of the 33 eyes was —5 1 
(±1.7) D, ranging from -1.7 D to -9 D. 
Treatment consisted of a mean intended correction of-4.9 (± 1.6) D, ranging from 
—1.6 D to -8 5 D, earned out with a treatment zone of 5 mm (n-22) or 6 mm 
(n=ll), using a Summit laser (Waltham, Mass., USA). 
Evaluation of the results of the 27 contralateral eyes was also performed and is 
discussed separately. 
The situation 1 year after the operation was compared with the situation after 4 
years or more to assess the stability of the subjective refraction and of keratometn-
cal values, as well as changes in UCVA, BSCVA and corneal clanty. The corneal 
topography information was only used in selected cases, because this examination 
method was not in all cases available at the specified time points. 
Retreatments were performed after a follow-up penod of at least one-year in 9 
eyes (of 8 patients, of which 4 eyes were "first eyes treated") out of the 60 eyes 
that were initially treated. Three of these eyes (of 2 patients) were retreated twice. 
Stability of the result, companng the refraction at 12 months after the last retreat
ment with the refraction at the final examination will be discussed separately 
Statistical analyses were performed using Wilcoxon's signed rank test. 

Results 

Objective findings 

The preoperative mean subjective manifest refraction (expressed as sphencal 
equivalent) of 29 eyes (after exclusion of the eyes that were retreated), from now 
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T a b l e 2 O n e a n d five-year results a n d changes in s i n g l e - P R K g r o u p (n=29) a n d r e t r e a t m e n t g r o u p (n -4 ) 

Mean spherical Mean kerato- Nr (%) of eyes Nr (%) of eyes Nr (%) of Nr (%) of eyes 

equivalent (D) metry s ID of with UCVA eyes with with loss of 

±SD (range) (D) ±SD (range) emmetropia i 0 .5 UCVA i 0 . 8 BSCVA 

Haze grading: 

nr of eyes (%) 

with more than 

"trace" haze 

Single-PRK 

group 

preoperative 

1-year FU 

5-years FU 

-4.9 ±1.4 

(-7.7 to -1 .7 ) 
43.4 ±1.2 

(41.2 to 46.4) 

0.02 ±0.8 39.8 ±1.6 2 3 / 2 9 

(-1.5 to +1.6) (36.7 to 43.4) (79%) 

-0 .2 ±0.7 40.1 ±1.5 2 5 / 2 9 

(-2.1 to +0.7) (37.0 to 44.0) (86%) 

2 9 / 2 9 

(100%) 

2 9 / 2 9 

(100%) 

2 8 / 2 9 

(97%) 

2 5 / 2 9 

(86%) 

0 lost ì 2 lines 

5 lost 1 hne 

(17%) 
0 lost i 2 lines 

4 lost 1 line 

(14%) 

4 / 2 9 

(14%) 

0 / 2 9 

(0%) 

Change ly to 5 -0 .2 ±0.7 +0.3 ±0.2 

yean (-1.5 t o + 1 . 5 ) * (-0.3 t o + 0 . 9 ) # 

Retreatment 

group 

preoperative 

1-year FU 

5-years FU 

-6.9 ±2.3 

(-9.0 to -3.6) 
42.7 ±1.5 

(41.0 to 44.5) 

-0 .4 ±0.9 38.8 ±2.4 3 / 4 

(-1.2 to+0 .7) (36.3 to 41.7) (75%) 

-0 .9 ±0.9 38.9 ±1.7 

(-1.6 to+0 .2) (37.2 to 40.7) 

Change ly to 5 -0 .4 ±1.5 +0.1 ±0.8 

years (-2.4 to +1.1) (-1.0 to +0.9) 

2/4 
(50%) 

4/4 
(100%) 

4/4 
(100%) 

3/4 
(75%) 

3/4 
(75%) 

0 lost 2:2 lines 

0 lost 1 line 

(0%) 

0 lost i 2 lines 
0 lost 1 hne 

(0%) 

1 / 4 
(25%) 

0 / 4 

(0%) 

* ρ > 0.10; # ρ < 0.001 
SD: standard deviation; UCVA: uncorrected visual acuity; BSCVA: best spectacle corrected visual acuity (Snellen lines) 
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on referred to as "single-PRK-group", was -4.9 (±1 4) D (range -1 7 to - 7 7 D) 
The mean preoperative spherical equivalent of the 4 eyes that were subsequently 
retreated once or twice, the "retreatment-group" was -6.9 (±2 3) D (range -3.6 
to -9 D). 
Between the examination after 1 year and the final examination an interval of 59 
(±11) months (range 37 to 74 months) existed in the single-PRK group. In the 
retreatment-group the 1-year point was chosen at 1 year after the last retreatment 
In this group an interval of 38 (±18) months (range 15 to 61 months) existed 
between the examination after 1 year and the final examination 
Table 2 displays the different parameters after one year and at the final examination 
for the single-PRK-group as well as for the retreatment-group 

The mean change in spherical equivalent between the 1 year and 4 years or more 
time points was -0.2 (±0 6) D (range -1 5 to +1 5 D) for the single-PRK group 
and -0 4 (±1 5) D (range -2.4 to +1.1 D) for the retreatment group. A change 
of more than 0 5 D was observed in 13 of 29 eyes in the first and in 3 of the 4 eyes 
in the second group. Three eyes in the single-PRK group and 2 eyes in the 
retreatment group showed more than 1 D change 
Of the 13 eyes in the single-PRK group with a change m spherical equivalent 
more than 0 5 D, 9 eyes showed change in myopic direction (of which 2 eyes 
more than 1 D) and 4 eyes in hyperopic direction (of which 2 eyes more than 1 
D). In the retreatment group two eyes changed in myopic and one in hyperopic 
direction. 
Figure 1 displays the spherical equivalents of subjective refraction after 1 year and 
at the final examination. 
Keratometry readings of each measurement were expressed in an average kerato-
metry value (avKM). In figure 2 the avKM, measured at the given time points, 
is shown AvKM readings of the single-PRK group showed a mean change of 
+0 3 (±0.2) D (range —0 3 to +0.9 D), measured over the penod between the two 
time points The avKM readings of the retreatment group showed a mean change 
of+0.1 (±0.8) D (range -1.0 to +0.9 D) over the same penod. 
A change of more than 0 5 D in avKM was found in 3 eyes of the single-PRK 
group and in 3 eyes of the retreatment group. 
No keratometncal change of more than 1 D was observed 
We found the difference between keratometry readings taken at 1 and 5 years to 
be statistically significant (p value <0.001). A mean change of 0 3 D however, is 
not clinically significant. 
Figure 3 relates the change in avKM to the change in spherical equivalent, after 
converting the last parameter to the power at the corneal plane. 
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• o o o 
o o 

oo o 
oo o o 

"' 1 ' I ' i ' I ' I ' ι ' 1 1 1—•—r 

- 2 3 - 2 0 - 1 5 - 1 0 - 0 5 0 0 0 5 1 0 1 5 2 0 

SE St 1 y e a r (0) 

Figure 1 Sphencal equivalent (SE) of manifest subjective refrac
tion at 1 year (x-axis) plotted against SE at final examination 
(y-axis) 
• - retreatment-group O - single-PRK-group 

orf» 

36 37 38 39 40 41 42 43 44 

avKM st 1 year (0) 

Figure 2 Average keratometry value (avKM) at 1 year 
(x-axis) plotted against avKM at final examination (y-axis) 
• - retreatment-group 0 - single-PRK-group 
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Figure 3 Difference in spherical equivalent between 1 year and final 
examination, calculated at corneal plane (x-axis), plotted against differ
ence in avKM between 1 year and final examination (y-axis) 
• - retreatment-group 0 - single-PRK-group 

Regarding the number of eyes found to have a sferical equivalent refraction within 

1 D of emmetropia, there is no significant difference over the given period of 

time. After a single PRK 79% of the eyes achieved emmetropia within 1 D after 

one year, 86% of the eyes had achieved emmetropia within 1 D at the final 

examination. One year after retreatment 3 out of 4 eyes were within 1 D, which 

changed to 2 out of 4 eyes at final examination. Due to the small numbers, 

statistics were not applied in this group. 

Uncorrected visual acuity was more than 0.5 in all eyes at all examinations. 

Regarding the number of eyes achieving an UCVA of 0.8, a percentage of 97% 

reduced to 86% in the single-PRK group over the given time period. 

No eyes at all lost more than one line (of Snellen) of BSCVA. When considering 

the eyes with loss of one line, the situation remains relatively unchanged over 

time. 
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Corneal opacities, though never graded as more than "moderate", diminished to 
"trace" at maximum over time 
The 27 contralateral eyes, of which 5 eyes were treated repeatedly, were also 
evaluated with respect to the stability of the achieved result. The pre- and post
operative data were fully comparable to the above-mentioned data (for first eyes) 
on all parameters, leading to the conclusion that only the change in keratometnc 
value was statistically, but not clinically significant. 

Subjective findings 
The main question of the questionnaire referred to the amount of satisfaction in 
relation to expectations as set before the procedure A scale ranging from 1 
(unhappy) to 5 (very satisfied) was used. 
On a scale of 1 to 5, a mean score of 4 3 was calculated for the 33 patients exam
ined. 
One patient who scored "2", had been treated using PRK for myopia of-5 D and 
achieved a resulting myopia of-1.5 D. This patient refused to accept a retreatment 
procedure. 
Five patients scored " 3 " , they were all still dependent on spectacles or contact 
lenses One of these patients showed incipient nuclear cataract, the SE changed 
-1 5 D, while keratometry showed a change of 0 1 D over 63 months. 
Of the remaining 27 patients, all sconng 4 or 5, six patients reported weanng 
glasses incidentally and one reported regular wear of glasses 
Twenty-one of the 33 patients reported to be aware of visual side-symptoms like 
halos and glare-effects 

Discussion 

Reports on very long-term results of PRK are still scarce. Generally, results are 
presented after a follow-up penod of six months or one year. Either a very large 
group of eyes is followed dunng 6 months , or a group of 110 eyes is followed for 
12 months after which penod the number of eyes available for examination at 24 
months decreased to 36.5 The first report cannot draw conclusions on stability, 
the latter only on the penod up to 12 months. 

Based on results of 35 eyes of 27 patients 6 to 18 months after PRK for myopia 
o f - 6 to —8 D, Piebenga and coauthors6 draw the conclusion that stability is 
achieved after 6 months. The change in mean sphencal equivalent is not significant 
measured over the penod between 6 and 12 months as well as measured between 
12 and 24 months. However, this conclusion is based on a diminishing number 
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of eyes over time 35 eyes were examined after 6 months, 26 after 12 months and 
only 14 after 18 months 
Results after twenty-four months are presented by Epstein and coauthors1 on 495 
eyes treated for myopia up to —7 5 D All 495 eyes were available for final exami
nation after 24 months In order to analyse changes in refraction over time, the 
mean subjective refraction was calculated after 12, after 18 and after 24 months 
Companng these values a difference was found between 12 and 24 months as well 
as between 12 and 18 months However, no difference was found between 18 and 
24 months Stability was also suggested after 18 months when subgroups formed 
according to preoperative amount of myopia were evaluated Differences in mean 
spherical equivalent were found in all subgroups except the highest (-5 to —7 5 
D), companng this value calculated after 12 months with this value calculated after 
18 months 

Supposedly the same group of eyes was also studied after 36 months Hamberg-
Nystrom and coauthors2 reported no statistical significant difference in mean 
refraction, companng this value calculated after 24 months with this value calcu
lated after 36 months in 457 eyes 
A different approach to study stability of refraction is used by Hersh and 
coauthors They treated 612 eyes for myopia up to —6 D using PRK In 90% of 
these eyes no difference of more than 1 D was found when refraction was meas
ured after 12 months and again after 24 months However, 10% of the eyes 
showed a change of more than 1 D dunng this penod, with a greater tendency 
for myopic shift when the correction needed was higher (odds latio 3 46 for at
tempted correction 5 D or more compared to 1 0 for attempted correction less 
than 3 D) 

One long-term follow-up study was presented by Stephenson and coauthors3 who 
examined 83 patients (68% of the onginal study cohort) 6 years after PRK for 
myopia, correcting 2 up to 7 D with an ablation zone of 4 mm Based on mean 
changes in manifest refraction (displayed in graphs, no exact data were provided) 
the results of the procedure were assessed to be stable between 1 and 6 years 

The aim of our study was to investigate stability of the effect of the procedure 
between 1 and at least 4 years of follow-up 
In our opinion, a more detailed assessment is performed when multiple factors are 
studied 
• presentation and companson of data on efficacy, predictability and safety, meas

ured after 1 year and at final examination, 
• calculation of the change in mean data with respect to manifest refraction as 

well as keratometry and considering their statistical and clinical significance, 
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• expression of the number of eyes (or percentage) showing change in refraction 

or keratometry of more than 0.5 D or 1.0 D measured after 1 year and at final 

examination. 

In our study insignificant changes in efficacy and predictability during the given 

lapse of t ime were found. Haze appeared to diminish over time. 

Mean changes in spherical equivalent readings appeared to be statistically insignifi

cant when comparing findings after 1 year and those at final examination. The 

mean change in keratometrical values was statistically significant, but clinically 

insignificant. 
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Topography (EyeSys Technologies), preoperatively, 2 years and 5 years after PRK (Spher 3 D, 
treatment zone diameter 6 mm); male, age 30 
Top left: preoperative, subjective refraction S-3.25, C-0.25, axis 95° 
Top right: 2 years after surgery, subjective refraction S+0.75 
Bottom left: 5 years after surgery, subjective refraction S+0.25 
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However , clinically significant changes in subjective manifest refraction of more 

than 0.5 D were found in 45% of the eyes after a single procedure and in 75% of 

the eyes after a retreatment. A change of more than 1 D was rarely seen after single 

procedures and appeared to occur in half of the eyes after a retreatment. 

As shown, mean data smooth out real changes because changes in hyperopic 

direction counterweight changes in myopic direction. However , it is good to be 

aware of the possible changes that may occur after a longer follow-up period. 

Keratometry is a more objective measure for change of the corneal curvature. 

Although keratometry is found to be insufficient in predicting changes in corneal 

power following P R K , it may however, be an instrument to measure changes 

in corneal curvature over time. In this study we found less changes in corneal 

curvature than changes in subjective refraction, leading to the conclusion that 

P R K is possibly producing a more stable corneal curvature than may be measured 

using subjective refraction. 

In conclusion, P R K to treat low to moderate spherical myopia is a reasonably 

stable procedure where changes that occur in subjective manifest refraction over 

time outweigh the changes in corneal curvature, as measured by keratometry. 

References 

1 Epstein D, Fagerholm P, Hamberg-Nystróm H, Tengroth Β. Twenty-four-month follow-up 
of excimer laser photorefractive keratectomy for myopia. Ophthalmology 1994;101:1558-
1564. 

2 Hamberg-Nyström Η, Fagerholm Ρ, Tengroth Β, Sjóholm C. Thirty-six month follow-up 
of excimer laser photorefractive keratectomy for myopia. Ophthalmic Surg Lasen 
1996;27(Suppl):418-420. 

3 Stephenson CG, Gartry DS, O'Brart DPS, Kerr-Muir MG, Marshall J. Photorefractive 
keratectomy; a 6-year follow-up study. Ophthalmology 1998;105:273-281. 

4 Shah S, Chatterjee A, Smith RJ. Predictability of sphencal photorefractive keratectomy for 
myopia. Ophthalmology 1998;105:2178-2185. 

5 Tuunanen TH, Tervo TT. Results of photorefractive keratectomy for low, moderate and 
high myopia. J Refract Surg 1998;14:437-446. 

6 Piebenga LW, Matta CS, Deitz MR, TauberJ. Two-zone excimer photorefractive keratecto
my for moderate myopia. Ophthalmology 1995;102:1054-1059. 

7 Hersh PS, Schein OD, Steinert R, Summit photorefractive keratectomy phase III study 
group. Characteristics influencing outcomes of excimer laser photorefractive keratectomy. 
Ophthalmology 1996;103:1962-1969. 

8 Mandell RB. Corneal power correction factor for photorefractive keratectomy. J Refract Surg 
1994;10:125-128. 

118 



Chapter 6 

Treatment of hyperopia with 
contact holmium:YAG laser 

thermal keratoplasty 

Catharina A. Eggink, Yavuz Bardak, 

Marinus H.M. Cuypers, August F. Deutman 

Reprinted from: 
Journal of Refractive Surgery 1999;15:16-22 



Chapter 6 

Abstract 

Purpose: T o evaluate the effectiveness, safety and stability of contact Ho:YAG laser 

thermal keratoplasty for low to moderate hyperopia. 

Methods: Fifty-five hyperopic eyes of 39 patients were treated with a Technomed 

contact Ho :YAG laser; 23 eyes were treated a second t ime. Treatment parameters 

were 1 octagonal ring of 8 spots with a treatment diameter of 6 mm, 7 m m or 8 

mm. Efficacy of the Ho:YAG laser treatment was evaluated after 6 months, 

comparing 3 treatment zone diameters. Stability and efficacy after 12 months was 

evaluated comparing 7 -mm and 8-mm zone diameters. 

Results: Mean reduction of the spherical equivalent refraction after 6 months was 

not statistically significantly different between the 6 -mm or 7-mm diameter zones: 

1.42 (±1.30) D versus 2.22 (±0.44) D . An 8-mm diameter treatment zone was 

significantly less effective: 1.12 (±0.47) D. Longer follow-up did not show stabil

ity: mean reduction of spherical equivalent manifest refraction was 1.58 (±0.45) 

D for the 7 -mm diameter treatment zone and 0.82 (±0.61) D for the 8-mm 

diameter treatment zone after approximately 12 months . Retreatment had a 

limited additive effect. N o clinically significant loss of spectacle-corrected visual 

acuity was reported. N o eyes lost more than 1 line of visual acuity. 

Conclusion: Contact Ho:YAG laser thermal keratoplasty corrected hyperopia up 

to 2.50 D, but predictability was poor, and a regression of initial effect occurred. 

Instability of refraction persisted to 1 year after surgery. 

COnPnHnTIUE ISODIOPTRIC IWPPING 
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Topography (EyeSys Technologies), preoperatively and 5 months after Holmium laser thermal 
keratoplasty (8 spots at 8-mm treatment zone diameter); female, age 52 
Left: preoperative, subjective refraction S+1.75, C-0.5, axis 165° 
Right: 5 months after surgery, subjective refraction S+0.5 
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Introduction 

Thermal keratoplasty was fint desenbed by Lans ' Laser thermal keratoplasty (LTK) 
has been used for the treatment of refractive errors.2 5 Laser thermal keratoplasty 
changes the antenor corneal curvature by heat-induced induced shnnkage of 
collagen fibers The amount of change depends on the parameters of LTK treat
ment, including clear zone size, number, size, and pattern of spots, the number 
of pulses at each spot and pulse energy. 
In LTK treatment, laser energy can be delivered to the cornea by a contact6 8 or 
a noncontact9"12 mode. We used a Technomed contact Ho'Yag-laser, in which 
the laser energy is applied to the cornea by making contact between the energy 
emitting probe and the cornea 
In this retrospective study, we report clinical results to evaluate the effectiveness, 
stability, and safety of contact Ho YAG LTK for low to moderate hyperopia We 
compared the effect of treatment on three clear zones (6, 7 or 8-mm diameter) 
and evaluated the stability of the treatment in a 1 year follow-up treatment group 
using clear zones of 7 mm and 8 mm. The effect of retreatment was also exam
ined. 

Patients and methods 

Contact Ho.YAG LTK for hyperopia up to +5.0 diopters (D) was evaluated on 
55 consecutively treated eyes of 37 patients (22 male, 15 female, mean age 54 ±9 
years; range 24 to 69 years) treated between December 1993 and September 1996. 
Patients with more than 1.0 D of refractive astigmatism were excluded. 
Following the first treatment, 23 eyes underwent a second LTK treatment The 
second LTK procedures were earned out in eyes in which 1.0 D or more of 
hyperopia remained after stabilisation, provided the patient wished to improve the 
refractive situation. 

Major indications for treatment were unwillingness to wear spectacles for distance 
and intolerance to contact lenses. 
A stable refraction for one-half year was required before LTK. Patients stopped 
soft contact lens use for at least 2 weeks before baseline measurement and hard 
contact lens use for at least 3 weeks. A complete ophthalmic examination was 
earned out before treatment and postoperatively at approximately 1.5 months 
(range 1 to 3 months), 6 months (range 3 to 9 months), and 12 months (range 9 
to 24 months) LTK was not performed on patients with previous ocular surgery, 
ocular trauma, corneal disease, cataract, glaucoma and macular diseases. 
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UTK was performed after being sure that there was no ocular pathology and no 
use of wound healing delaying agents such as corticosteroids or cytotoxic agents 
Informed consent was obtained from all patients. 

The procedure was performed under topical anaesthesia (tetracaine 1.0%). After 
insertion of a lid speculum, the eye lids were kept open until the corneal surface 
was dry Centration was obtained by using the fixation device of the Summit 
excimer laser delivery system. The center of the pupil and the clear zone were 
marked on the cornea with a circular corneal marker. With an 8-incision radial 
keratotomy marker, 8 spots were defined at the intersection of the circular and 
radial marks 

In all eyes, we used a Technomed ΗοΎΑΟ laser (Holmium 25, Technomed, 
Baesweiler, Germany, 20 mj/pulse, 25 pulses, repetition rate of 15 Hz, wavelength 
of 2100 nm, pulse duration of 1 ms, optic fiber diameter of 550 nm) to apply 8 
spots with a treatment zone diameter of 6 mm, 7 mm or 8 mm. The laser beam 
was delivered via a quartz fiberoptic handpiece, brought into contact with the 
cornea. 

The clear zone diameter size was adjusted for each patient treatment to produce 
a change in central corneal curvature that matched the patient's required refractive 
correction indicated by the spherical equivalent mamfest refraction. The algorithm 
was determined according to Seiler and collègues.4 

In our study, a 6-mm diameter clear zone was applied to treat 4 0 to 5.0 D of 
hyperopia, a 7-mm diameter clear zone for 2.0 to 4.0 D, and an 8-mm diameter 
clear zone to treat up to 2.0 D. 
If a second LTK was applied at the same zone, the new laser spots were placed in 
between the previous ones. 
Tobramycin eye drops were given until all epithelial defects healed. 
Subjective manifest refractive measurements and visual acuity were obtained using 
phoropter and standard Snellen charts Visual acuity was recorded in decimal 
fraction. Intraocular pressure was measured by applanation tonometry. Spectacle-
corrected visual acuity, spherical equivalent manifest refraction, and refractive 
astigmatism were evaluated. Mean change (reduction) in spherical equivalent 
refraction was obtained by subtracting the postoperative spherical equivalent from 
the preoperative sphencal equivalent. 

Surgically-induced astigmatism was calculated using vector analysis, as descnbed 
by Wanng.5 An induced cylinder (calculated by vector analysis) of 1 0 D or more 
was considered clinically significant 
To describe the effectiveness of LTK on the 3 different clear zone diameters, 
results are descnbed for a group with a minimum 3-month follow-up (mean 5 5 
months). AH eyes treated with a 6-mm diameter clear zone were retreated before 
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reaching the 12 months follow-up time penod because of disappointing effect in 
relation to the expected effect. Data for 39 eyes of 28 patients were available for 
this analysis. 
The second group consisted of 28 eyes of 19 patients with a minimum 9-months 
follow-up. This group was analysed to draw conclusions about the effect and 
stability of LTK on 7 or 8-mm diameter clear zones. 
Six-month follow-up was available on 16 eyes that underwent a retreatment. 

Results 

Three treatment groups were defined according to the treatment zone diameter 
of the LTK: 6-mm treatment group, 7-mm treatment group and 8-mm treatment 
group. 
The mean spherical equivalent refraction and refractive change, as well as the 
amount of induced astigmatism of the 6-mm, 7-mm and 8-mm diameter groups 
for the first treatment are given in table 1. 

Table 2 shows 1-year follow-up data on 11 eyes of the 7-mm LTK group and 17 
eyes of the 8-mm LTK group to assess the efficacy and stability dunng this time 
penod. 
The effect of a second treatment is shown in table 3, which presents data on 16 
eyes with 6-month follow-up 

Efficacy of Ho-YAG LTK at 6 Months 
To evaluate the efficacy of Ho: YAG LTK comparing 3 different treatment zone 
diameters, data were available on 6 eyes in the 6-mm diameter group, 14 eyes in 
the 7-mm diameter group and 19 eyes in the 8-mm diameter group. These 39 eyes 
belonged to 28 patients, mean age 57 years (range 43 to 69 years). 
In the 6-mm diameter group (6 eyes), the mean preoperative spherical equivalent 
manifest refraction of 3 96 (±0 50) D was reduced to 1.60 (±1.18) D at the first 
follow-up examination (mean follow-up time: 1.1 mo). At the time of the second 
examination (mean follow-up: 3 6 mo), mean spherical equivalent manifest 
refraction was 2.54 (±0.9) D The initial reduction of 2.35 (±1 48) D decreased 
to 1.42 (±1.30) D after the second examination. 
Considering the change in vector-corrected astigmatism at both postoperative time 
intervals, 3 of the 6 eyes in the 6-mm diameter group showed an induced cylinder 
of 1.0 D or more. The mean vector-corrected change in astigmatism decreased 
from 1.25 (±0.96) D to 0.88 (±0.44) D. 
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T a b l e 1 R e f r a c t i v e data after H o : Y A G L T K f rom base l i ne to 6 m o n t h s 

Treatment 

Diameter 

(nr of eyes) 

6 mm (6) 

7 mm (14) 

8 mm (19) 

Baseline and 

Time (mo) 

after Ho: Y AG 

LTK (mean) 

Baseline 
1.5(1.1) 

6 (3.6) 

Baseline 

1.5 (1.4) 

6 (6.4) 

Baseline 

1.5 (1.5) 

6 (5.3) 

Mean 

spherical 

equivalent 

manifest 

refaction (D) 

(SD) 

3.96 (0.50) 

1.60(1.18) 
2.54(0.90) 

2.88(0.53) 

0.12(0.70) 

0.65(0.70) 

1.60(0.62) 

-0.22(0.75) 

0.48(0.76) 

Reduction of 

spherical 

equivalent 

refaction (D) 

(SD) 

2.35(1.48) 

1.42(1.30) 

2.76(0.53) 

2.22(0.44) 

1.78(0.71) 

1.12(0.47) 

Vectoral 

change in 

astigmatism 

(SD) 

1.25(0.96) 

0.88(0.44) 

0.96(0.54) 

0.74(0.55) 

0.76(0,42) 

0.67(0.44) 

Nr eyes with 

21 D vectoral 

change in 

astigmatism 

(% of total 

eyes) 

3(50) 

3(50) 

5(36) 
3(21) 

5(26) 

4(21) 

In the 7-mm diameter LTK group (14 eyes), the mean preoperative spherical 
equivalent manifest refraction was 2.88 (±0.53) D. The mean reduction of spheri
cal equivalent manifest refraction was 2.22 (±0.44) D after a mean time interval 
of 6,5 months. The mean induced astigmatism, calculated by vector analysis, 
decreased from 0.96 (±0.54) D to 0.74 (±0.55) D, with 6 of 14 eyes in the first 
and 3 of 14 eyes in the second time interval showing an induced cylinder of 1.0 
D or more. 
The 8-mm LTK group (19 eyes) with a preoperative mean spherical equivalent 
manifest refraction of 1.60 (±0.62) D showed a reduction of spherical equivalent 
refraction of 1.12 (±0.47) D after a mean of 5.3 months follow-up. The vector 
analysis of the change in astigmatism showed a mean change in induced astigma
tism of 0.76 (±0.42) D after 1,5 months and 0.67 (±0.44) D after 5.3 months. An 
induced astigmatism of 1.0 D or more was found in 5 of 18 eyes after 1.5 months 
and in 4 of 19 eyes after 5.3 months. 

A scattergram (Fig 1) shows the widely distributed data for reduction of spherical 
equivalent refraction after a mean follow-up of 5.3 months in the 3 treatment zone 
groups. 
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Achieved correction 

Preoperative refraction 

Figure 1 Achieved correction (reduction of spherical equivalent manifest refraction) at 6 
months after Ho:YAG laser thermal keratoplasty 

Concerning the efficacy of a 6-mm LTK versus a 7-mm LTK, there was not a 
significant difference in reduction of the spherical equivalent refraction at 1,5 
(Wilcoxon Rank-Sum test: P- .3625) or 6 months follow-up (P= .0755). A 7-mm 
treatment zone produced a significant higher reduction of spherical equivalent 
refraction than an 8-mm LTK after 1.5 months (Wilcoxon Rank-sum test: P-
.0011) as well as 6 months (P- .0001). 
No significant differences were found in the amount of induced cylinder (as 
calculated by vector analysis) at all examinations between the 6-mm LTK group 
and the 7-mm LTK group, as well as between the 7-mm LTK and 8-mm LTK 
groups. 
However, the risk of inducing a cylinder of 1.0 D or more seemed higher in the 
6-mm LTK group (where we found a clinically significant induced cylinder in 3 
of 6 eyes), than in the 7-mm or in the 8-mm LTK group (as this was found in 3 
of 14 eyes in the 7-mm LTK group and in 4 of 19 eyes in the 8-mm LTK group). 
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Stability and Efficacy ofHo:YAG LTK at 12 Months 
Twenty-eight eyes of 19 patients (mean age 57.3 yr, range 49 to 67) had a mini
mum follow-up time of 9 months. 
Of these 28 eyes, 11 eyes had a treatment zone diameter of 7 mm, and 17 eyes 
had a treatment zone diameter of 8 mm. 
As shown in table 2, the preoperative spherical equivalent refraction in the 7-mm 
LTK group (11 eyes) was 2.94 (±0.31) D. The mean reduction in spherical 
equivalent refraction was 2.73 (±0.49) D after a mean of 1.4 months, 2.22 (±0.50) 
D after 6.6 months, and 1.59 (±0.45) D after a mean interval of 13.3 months. The 
induced astigmatism, calculated by vector analysis was still 0.83 (±0.59) D after 
13 months, with 4 of 11 eyes showing an induced cylinder of 1 D or more. 
In the 8-mm LTK group (17 eyes) with a preoperative spherical equivalent 
refraction of 1.58 (±0.51) D, the mean spherical equivalent refraction diminished 
gradually from 1.74 (±0.76) D after 1.4 months to 1.05 (±0.40) D after 5 months, 
and to 0.82 (±0.61) D after 12 months. The vector-calculated change in astigma
tism did not show significant changes over time and was 0.57 (±0.44) D after 12 
months, with 4 of 17 eyes showing 1.0 D or more of induced cylinder. 

Table 2 Refractive data after Ho:YAG LTK from baseline to 1 year 

Treatment 

Diameter 

(nr. eyes) 

7 mm (11) 

8 mm (17) 

Baseline and 

time (mo) 

after 

Ho:YAG 

LTK (mean) 

Baseline 

1.5 (1.4) 

6 (6.6) 

12 (13.3) 

Baseline 

1.5(1.4) 

6 (5.0) 

12(12.1) 

Mean 

spherical 

equivalent 

manifest 

refraction (D) 

(SD) 

2.94 (0.31) 

0.22 ((0.50) 

0.67 (0.53) 

1.35 (0.47) 

-0.16 (0.62) 

0.55 (0.50) 

0.76 (0.67) 

Reduction of 

spherical 

equivalent 

refraction (D) 

(SD) 

2.73 (0.49) 

2.22 (0.50) 

1.58 (0.45) 

1.74(0.76) 

1.05(0.40) 

0.82 (0.61) 

Vectoral 

change in 

astigmatism 

(D) (SD) 

0.85 (0.35) 

0.51 (0.29) 

0.83 (0.59) 

0.54 (0.37) 

0.59 (0.42) 

0.57 (0.44) 

Nr eyes with 

ì 1 D vectoral 

change in 

astigmatism 

(% of total 

eyes) 

4(36) 

0(0) 

4(36) 

2(12) 

2(12) 

4(24) 
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Figure 2 shows the individual data of the eyes from the 7 and 8-mm LTK groups 
after 12 months follow-up, with the preoperative spherical equivalent refraction 
on the X-axis and the change in sphencal equivalent refraction on the Y-axis. 

Achieved correction 

5 

A 

3 

2 

1 

0 

1 
0 1 2 3 4 5 

Preoperative refraction 

Figure 2 Achieved correction (reduction of sphencal equivalent manifest refraction) at 12 
months after Ho YAG laser thermal keratoplasty 

Figure 3 depicts the effect of the LTK in the 7 and 8-mm LTK groups in time. 
The statistically significant difference in efficacy between the 7-mm and 8-mm 
LTK groups found at 6 months, was also found at 1 year (Wilcoxon Rank-sum 
test, P= .0007). 

In both groups, no stability in sphencal equivalent refraction was recorded at 12 
months follow-up. The induced reduction decreased after 6 months and again after 
12 months. 
In the 8-mm LTK group, however, the decrease from 6 months to 12 months was 
less than that in the 7-mm LTK group; reduction in hyperopia diminished by 28% 
in the 7-mm LTK group and by 22% in the 8-mm LTK group. 

127 

| * Pi am 7 mm •Diam8mm | 

_l l_ 



Chapter 6 

Achieved correction 

7 mm 8 mm 7 mm 8 mm 7 mm 8 mm 
1-3 months 1-3 months 3-9 months 3-9 months 9-24 months 9-24 months 

Figure 3 Mean (standard deviation) achieved correction in the 7-mm diameter and 8-mm 

diameter treatment zones over time 

Retreatments 

Retreatments were performed on 23 eyes of the initial 49 eyes. Initial LTK in 6 
eyes was performed with a 6-mm diameter treatment zone, 8 eyes had a 7-mm 
diameter treatment zone, and 9 eyes had an 8-mm diameter treatment zone. 
The mean time interval between the first and the second treatment was 8.3 months 
and ranged from 2.2 to 20.8 months. 
Sixteen eyes were available with a minimal follow-up time of 3 months and a 
mean follow-up time of 5.5 months. 
Of these 16 eyes, the second LTK (the retreatment) was performed with a treat
ment zone diameter of 7 mm in 5 eyes (7-mm diameter retreatment group) and 
8-mm diameter in 11 eyes (8-mm diameter retreatment group) (Table 3). 
The limited effect of a second LTK was expressed by a reduction of 0.33 (±0.60) 
D in the 7-mm diameter retreatment group after a mean follow-up of 5.7 months 
and 0.47 (±0.46) D in the 8-mm diameter retreatment group after a mean follow-
up of 5.6 months. 
The mean induced cylinder (calculated by vector analysis), from the retreatment 
was 1.22 (±0.90) D in the 7-mm diameter retreatment group and 0.56 (±0.51) 
D in the 8-mm diameter retreatment group. Two of 5 eyes in the 7-mm diameter 
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retreatment group and 3 of 11 eyes in the 8-mm diameter retreatment group had 
induced astigmatism of 1 D or more. 

Table 3 
months 

Refractive data after retreatment of Ho:YAG LTK from baseline to 6 

Treatment 

Diameter 

(nr eyes) 

7 mm (5) 

8 mm (11) 

Baseline and 

time (mo) 

after 

Ho:YAG 

LTK (mean) 

Baseline 

1.5(1.1) 

6 (5.7) 

Baseline 

1,5 (1.0) 
6 (5.6) 

Mean 

spherical 

equivalent 

manifest 

refraction (D) 

(SD) 

2.35 (1.03) 

1.13(1.98) 

2.03 (1.30) 

1.22 (0.80) 

0.34 (0.88) 

0.75 (0.94) 

Reduction of 
spherical 

equivalent 

manifest 

refraction (D) 

(SD) 

1.23(1.42) 

0.33 (0.60) 

0.87 (1.20) 

0.47 (0.51) 

Vectoral 

change in 

astigmatism 

(D) (SD) 

1.37(0.61) 

1.22(0.90) 

0.62 (0.58) 

0.56 (0.51) 

Nr of eyes 

with a l D 

vectoral 

change in 

astigmatism 

(% of total 

eyes) 

4(80) 

2(40) 

2(18) 

3(27) 

Safety of Ho:YAG LTK 
Concerning the visual acuity with spectacle correction, no clinically significant 
losses were reported. All eyes had a preoperative spectacle-corrected visual acuity 
of 0.8 or more. Of 28 eyes with a follow-up of 1 year, 7 eyes lost 1 line of specta
cle corrected visual acuity (1.0 to 0.8); no eye lost more than 1 line. 
Immediately after LTK, the laser spot sites showed a conical opacity in the anterior 
corneal stroma of about four-fifths of the corneal thickness. An obvious central 
corneal curvature steepening and a loss of corneal epithelium at the laser spot sites 
were seen. Due to laser-induced epithelial defects, some patients expressed tran
sient complaints of mild pain and photophobia, slight tearing, and foreign body 
sensation. These complaints resolved within 1 week. There were no visual com
plaints of halos or glare nor complications of recurrent erosions. Corneal opacities 
due to the laser spots decreased over time but they were still slightly visible by slit-
lamp microscopy after 1 year. There was no significant anterior chamber inflam
mation seen postoperatively in any eye. There were no changes observed in any 
of the intraocular structures or the ocular adnexa. 
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Mean preoperative intraocular pressure was 15.2 ±4.1 mm Hg (range 11 to 20 mm 
Hg) and mean intraocular pressure at the last examination was 14.9 ±3.8 mm Hg 
(range 12 to 20 mm Hg). This difference in IOP was not statistically significant. 
All patients were satisfied with improvement in their vision without glasses or with 
their reduced dependence on optical correction. 

Discussion 

There are no published reports that compare the clinical effect of applying 
Ho:YAG laser energy to the cornea using 3 different clear zones diameters. 
Our study shows that contact Ho:YAG LTK can correct up to about 2.5 D of 
hyperopia by using a single ring of 8 treatment spots and above mentioned laser 
parameters. 
The clear zone diameter affects refractive outcome. 
Six-millimeter diameter zone treatment (considering the mean achieved change 
in spherical equivalent refraction) results in a mean effect not significantly different 
from a 7-mm diameter zone treatment. The individual data show a larger range 
of effect after a 6-mm clear zone treatment than after a 7-mm clear zone treatment, 
indicating better predictability of the latter. 
Using a 7-millimeter diameter-zone treatment, a higher reduction in mean 
spherical equivalent refraction can be achieved than with an 8-mm diameter clear 
zone. 
Koch and colleagues treated 15 eyes with noncontact Ho:YAG LTK by using 8 
spots on a 6-mm diameter zone.10 In this clinical study, the postoperative mean 
reduction of spherical equivalent refraction was 0.90 (±0.59) D at 6 months and 
0.79 (±0.65) D at 12 months.10 In their US FDA Phase IIA clinical study, they 
present 18 eyes treated by noncontact Ho:YAG LTK with 8 spots on a 6-mm 
diameter zone with a mean reduction in spherical equivalent refraction of 0.53 
(±0.36) D at 6 months and 0.55 (±0.33) D at 12 months." A report on the 2-year 
follow-up of the same 18 eyes showed no significant regression between 1 and 2 
years.12 

In our study, applying 8 spots on a 6-mm diameter clear zone, the mean reduction 
of spherical equivalent refraction was 2.35 (±1.48) D at 6 months. We used the 
contact H o ^ A G , which produces higher average temperatures than a non-contact 
procedure. The difference between our results and the results of the aforemen
tioned study may be due to the difference between the contact and non-contact 
methods. We couldn't await a longterm result of the 6-mm diameter LTK, as the 
effect of the LTK didn't fulfil the expectations of the treatment: preoperative 

130 



Treatment of hyperopia with contact holmmm 

sphencal equivalent refraction exceeded the effect and a significant amount of 
hyperopia remained. 
Although Koch and colleagues claim a stable effect of a single 6-mm diameter zone 
LTK between 6 and 12 months and even up to 2 years12, Tutton and colleagues 
describe a 50% regression at 2 years after LTK (two zone LTK).8 We could not 
demonstrate stability of effect between 6 and 12 months follow-up in the 7-mm 
and 8-mm LTK groups. 
A pnmary LTK procedure is more effective for reduction of sphencal equivalent 
refraction than a repeat LTK procedure. Other studies do not report on retreat-
ments. However, 2-nng (16 spots) treatments are reported to be more effective 
than treatment with one nng: 1.48 (±0.58) D versus 0.53 (±0.33) D.12 

In our study, safety of the procedure has been expressed by the absence of signifi
cant changes in spectacle corrected visual acuity. 
Others have performed endothelial cell counts as well as glare and contrast 
sensitivity testing. ' ' Koch (using a non-contact Ho: YAG laser device) showed that 
no significant endothelial cell density changes occurred after LTK up to 12 months 
postoperatively. He reported slight changes in outcome in contrast sensitivity 
testing, but no significant loss of contrast sensitivity and unchanged glare test 
measurements." 
We conclude that contact HorYAG LTK is a safe technique, and that it can reduce 
hyperopia in one or two procedures The effect is dependent on the diameter of 
the circle on which the laser spots are applied 
We recommend a 7-mm diameter clear zone, because a 6-mm diameter clear zone 
produces no statistically significant different effect, but does have a higher chance 
of inducing astigmatism. 
Using 8 spots, the 8-mm diameter treatment should be reserved for lower amounts 
of refractive correction. The 7-mm diameter treatment zone produces a slightly 
greater effect. 
Disadvantages are regression over time and low predictability of the effect. 
It is probable that a retreatment has less additive effect to a pnmary LTK than a 
double zone (16 spots) LTK in one phase 
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Chapter 7 

Abstract 

Purpose: Holmium laser thermal keratoplasty was used in the treatment of induced 
hyperopia and induced, as well as pre-existing astigmatism after photorefractive 
keratectomy. 
Our results are reported. 
Materials and Methods: Sixteen eyes of 16 patients were included in this study. 
Contact holmium laser was used in 7 patients to correct hyperopia (8 spots at 8 
or 9 mm) and in 9 patients to correct astigmatism (4 spots at 7, 8 or 9 mm). 
Follow-up evaluation was done after at least 6 months. The effectiveness, stability 
and safety of the procedure were investigated. 
Results: Spherical correction was ineffective (1 diopter (D) or less) when applied 
at the 9-mm diameter treatment zone. Spherical correction applied in 4 eyes at 
the 8-mm diameter treatment zone was ineffective in 1 eye. Three eyes achieved 
1 to 2 D change, but 2 of these eyes showed an induced astigmatic change as well. 
Correction of astigmatism at the 7-mm diameter treatment zone resulted in a 0 
to 4 D change in cylinder component. Treatment at the 8-mm diameter treatment 
zone showed 0 to 1.5 D effect and at the 9-mm treatment zone 0.25 to 1.5 D. 
All eyes that achieved significant improvement (1 D or more change in cylinder 
component) showed significant overcorrection in the first postoperative phase. 
There were no sight threatening complications. 

Conclusion: Holmium laser thermal keratoplasty can be useful for the treatment of 
overcorrection and induced, as well as pre-existing astigmatism after photorefrac
tive keratectomy. However, predictability is low and astigmatism can be induced 
in attempted spherical correction. 
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Introduction 

Overcorrection after photorefractive keratectomy (PRK) with excimer laser is 
reported to occur in a frequency of 1 to 25%. ' 4 This frequency is related to the 
amount of attempted myopic correction low correction cames a low nsk of 1 to 
6% and high or extreme correction is described to carry a higher nsk: 7 to 25%. 
In those cases of refractive surgery where emmetropia was the goal of the treat
ment, overcorrection can lead to hyperopia, which in tum can lead to premature 
presbyopia at advancing age. 
Holmium laser thermal keratoplasty (LTK) can change the central corneal curva
ture, the central steepemng effect being created by shrinkage of collagen in the 
mid-penpheral cornea. 
Corrections of spherical as well as astigmatic refractive aberrations are described.5"10 

The efficacy of LTK on cornea's that underwent photorefractive keratectomy 
previously could be different from the treatment of primary hyperopia or astigma
tism, because Bowman's membrane had been removed by the PRK. 
The first results of our expenence with LTK in the treatment of overcorrection 
and induced, as well as pre-existing astigmatism after PRK are presented in order 
to gain insight in the efficacy and predictability of the LTK treatment 

Patients and Methods 

In the penod between December 1993 and July 1997 16 patients (16 eyes) re
quired additional refractive surgery after previous PRK to correct hyperopia or 
astigmatism. 
Two groups of patients that underwent different treatment modalities are dis
cussed the first group of 7 patients (4 male, 3 female, aged 43-55 years, mean 49 
years) underwent LTK to correct hyperopia (Spher-LTK). The second group of 
9 patients (5 male, 4 female, aged 24-52 years, mean 37 years) underwent LTK 
to correct astigmatism (Ast-LTK). 
Table 1 presents the data of the preoperative clinical course for the first group of 
patients. 
Table 2 presents these data for the second group of patients. 
In this second group 4 eyes showed the originally present astigmatism which was 
not corrected at the time of the photorefractive keratectomy, as astigmatic PRK 
was not available at that time. 
In another 4 eyes astigmatism was acquired only after PRK [defined as a change 
in cylinder component of 1 D or more (patients C, D, F and H)]. 
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Table 1 Hyperopia after PRK 

Patient 
number 

1 

2 

3 

4 

5 

6 

7 

M/F, 
age at 
LTK 

M,45 

F ,53 

F ,55 

M,44 

M,51 

F,50 

M,43 

SMR before PRK 

S-4.75,C-0.5x94° 

S-5 

5-10.50,0-0.75x97° 

S-6,C-0.75xl0o 

S-6.25 

S-3.00 

S-2.25,C-0.25x50o 

Attempted correc-
tion(D)/ ablation 
zone 

S-5 

S-5 

S-8 

S-6 

S-6 

S-3 

(mm) 

/ 5 

/ 5 

/ 5 

/ 6 

/ 6 

/ 5 

S-2.3 / 5 

Nr of retreat-
ments (exci-
mer 

1 

0 

0 

1 

1 

0 

2 

-laser) 

FoUow-up 
after last PRK, 
(months) 

12 

7 

26 

9 

20 

13 

28 

Final SMR, 
pre-LTK 

S+2 

S+1.50 

S+2.75,C-0.75x95o 

S+2.00,C-0.50x80o 

S+1.50 

S+2.00,C-0.75xl65 

S+1.50,0-0.50x58° 

BSCVA 
(Snellen) 

1.0 

1.0 

0.8 

0.5 

1.0 

0.8 

1.0 

LTK: laserthermal keratoplasty 

SMR: subjective manifest refraction 

PRK: photorefractive keratectomy 

BSCVA: best spectacle corrected visual acuity 



Table 2 Astigmatism after P R K 

Patient- M/F, age SMR before PRK Attempted correc- Nr of retreat- Follow-up Final SMR, BSCVA 

identity tion (D), ablation ments (exci- after last PRK, pre-LTK (Snellen) 

A 

Β 

C 

D 

E 

F 

G 

H 

I 

F,28 

M,26 

M,52 

M,47 

F,37 

F,35 

F,24 

MA9 

M,38 

S-5.25.C-1.75xl70o 

S-1.25,C-1.75xl80° 

S^.5,C-0.50xl65o 

S-3.25 

S-2.25,C-1.50x170° 

S-3.5,C-0.50xl65o 

S-3.25,C-2.50xl75o 

S-6.25,C-0.25xl6o 

S-3.00,C-0.75x98o 

zone (mm) 

S-5 / 5 

S-l / 5 

S-4.5/5 

S-3 / 6 

S-3 / 5 

S-3.7 / 5 

S-4 / 6 

S-6 / 6 

S-3 / 6 

mer-laser) 

0 

0 

3* 

0 

0 

1 

0 

0 

2 

(months) 

7 

11 

6 

12 

7 

9 

10 

7 

8 

S+1.25,C-2.75xl70o 

S+0.25,C-2 00x180° 

S+2 25,C-2 50xl75o 

S+1.25,0-1.25x175 

Plano,C-1.50xl68o 

Plano,C-l 50x170° 

S+2 00,0-2.50x178° 

S+2.00,C-1.50xl Γ 

5+1.00,0-1.00x85° 

0.8 

1.0 

0.8 

1.0 

1.0 

1.0 

0.8 

1.0 

1.0 

* of which two ΡΤΚ epithelial removal (200 pulses) 

LTK: laserthermal keratoplasty 

SMR: subjective manifest refraction 

PRK: photorefractive keratectomy 

BSCVA: best spectacle corrected visual acuity 
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The eye of patient A showed astigmatism, which was further induced by the PRK 

The follow-up penod between the last excimer laser (re-)treatment and the LTK 

was at least 6 months in all eyes. 

The laser thermal keratoplasty was earned out using the Technomed Ho-YAG 

laser (Holmium 25, Technomed, Baesweiler, Germany) The probe with an optic 

fiber (diameter 550 μπι) was positioned to make contact with the cornea and at 

each site 25 pulses of 20 mj/pulse (repetition rate 15 Hz, wavelength 2100 nm) 

were applied It produced a thermal effect in the corneal stroma. 

Where correction of hyperopia was aimed at 8 spots were placed regularly on a 

circle, concentric with the visual axis, creating a treatment zone of either 8 or 

9-mm diameter. 

Centration was obtained using the fixation device of the Summit excimer laser 

delivery system. The spots were placed at the intersection of an optical zone 

marker and an 8-incision radial keratotomy marker 

Where the goal was correction of astigmatism, 2 spots were placed on each side 

of the flat meridian of the cornea. The distance between these spots on either side 

of the meridian was 7, 8 or 9 mm, creating a treatment zone of 7, 8 or 9 mm. 

The procedure was performed under topical anesthesia (Tetracaine 1.0%). Dunng 

the first week after the operation topical antibiotics (Tobramycin) were applied 

4 times a day. Follow-up examinations were earned out after 1, 3 and 6 months, 

as well as after approximately 1 year A full ophthalmological examination was 

earned out, including the subjective manifest refraction and the spectacle-corrected 

visual acuity, which is expressed in Snellen lines. The sphencal equivalent, calcu

lated from the subjective manifest refraction and the cylinder component of the 

manifest refraction are used for the presentation of the clinical results. As we are 

dealing with a small number of eyes the results are given in tables and all are 

discussed individually. Statistical companson was not performed, because of the 

low number of eyes. 

Results 

Efficacy 

The results of Spher-LTK of hyperopia are presented in Table 3 

Seven eyes underwent LTK applying 8 spots in 4 eyes the treatment zone was 

8 mm, in 3 eyes the treatment zone was 9 mm. 

These 3 eyes showed a slight improvement after the first month. However, at the 

final examination this change in the sphencal equivalent manifest refraction was 

insignificant (1 D or less). 
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T a b l e 3 R e s u l t s o f H o - L T K , spher ica l c o r r e c t i o n 

Patient SMR preoperative 

number 

BSC- Ho-LTK, 1 month follow-up: 

VA nr.of spots/ S M R 

optical 

zone (mm) 

Final S M R BSC- Final Achieved ef-

VA follow- feet change in 

up (mo) SE of S M R 

(D) at final 

follow-up 

examination 

1 

2 

3 

4 

S+2.00 

S+1.50 

S+2.75,C-0.75x95o 

S+2.00,C-0.50x90o 

1.0 

1.0 

0.8 

0.5 

8 / 8 

8 / 8 

8 / 8 

8 / 8 

5 S+1.50 1.0 8 / 9 

6 S+2.00,C-0.75xl65 o 1.0 8 / 9 

7 S+1.50,C-0.50x58° 1.0 8 / 9 

Plano,C-1.75xl l5° S+0.75,C-1.50x120° 1.0 

S+1.00 S+2.00 1.0 

Piano S+0.50,C-0.50x85 o 0.8 

5+1.00,0-1.50x90° S+1.50,C-1.50x85 o 0.8 

5+0.50,0-1.00x50° S+1.00 0.8 

5+1.50,0-0.50x180° S+1.00 1.0 

5+0.50,0-1.00x55° 5+1.50,0-0.75x65° 1.0 

7 # 

11 

η 

14 # 

18 

6 # 

15 

2D 

-0.5D 

2.1D 

1.0D 

0.5D 

0.6D 

0.125D 

# retreatment performed: LTK (4, 6), T-cuts (1). Final S M R is before retreatment 

f did not attend follow-up 

LTK: laser thermal keratoplasty 

SMR: subjective manifest refraction 

SE: spherical equivalent 

BSCVA: best spectacle corrected visual acuity 
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The treatment showed different results for the 4 eyes with the 8-mm diameter 
treatment zone. For 1 eye the treatment was ineffective (patient 2). For the other 
3 eyes an improvement was achieved of 1 to 2 D, given as the change in spherical 
equivalent manifest refraction. However, in 2 cases (patients 1 and 4) an astigmatic 
change of 1.5 D and 1 D cylindrical component of manifest refraction respectively, 
was induced. 
The results of Ast-LTK are given in Table 4 A total of 9 eyes underwent 
Ast-LTK for 3 eyes the treatment zone diameter was 7 mm, for another 3 eyes 
the treatment zone was 8 mm and for the remaining 3 eyes the treatment zone 
was 9 mm. The effect of Ast-LTK at a 7-mm treatment zone ranges from 0 to 4 
D. Ast-LTK at an 8-mm treatment zone showed 0 to 1.5 D effect and at a 9-mm 
treatment zone 0.25 to 1.5 D All eyes that achieved significant change (1 D or 
more change in cylinder component of the manifest refraction) showed a signifi
cant overcorrection in the first postoperative phase 
The change in spherical equivalent manifest refraction was not related to the 
change in cylindrical component of the manifest refraction 
Of the 9 eyes with long term follow-up (11 months or more) 3 eyes (A, D and 
4) achieved a change in cylinder component or spherical equivalent of 1 D or 
more. 

Stability 
All eyes with a follow-up of 11 months or more were evaluated on stability (4 eyes 
after Spher-LTK and 5 eyes after Ast-LTK). In all cases the initially achieved effect 
of the treatment after 1 month diminished over the next 3 to 6 months. After 6 
months the subjective refraction was stable (within 0.5 D), except in cases A and 
E. These eyes continued to loose the effect of the treatment until the final exami
nation. 

Safety 
No complications are reported in this limited group of eyes. However, the 2 cases 
of induced astigmatism in the Spher-LTK group should be mentioned (patients 
1 and 4). No loss of BSCVA was found, except for patient 5, who lost one line. 
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Table 4: Results of H o l m i u m -LTK treatment of astigmatism 

Padent SMR preop 

number 

BSC- Ho-LTK, 1 month follow-up: 

VA nr. of SMR 

spots/op

tical zone 

(mm) 

Final SMR BSC- Final Achieved effect. Change 

VA follow- change in Cybnder in SE of 

up (mo) component of SMR 

SMR(D),/ percen- (D) 

tage reduction 

A S+1.25,C-2.75xl70 o 

Β S+0.25,C-2.00xl80 o 

C 5+2.25,0-2.50x175° 

0.8 4 / 7 S+7.00,C-6 00x90° 

1.0 4 / 7 Plano,C-0.50xl80° 

0.8 4 / 7 S+2.00,C-2 75x85° 

S-0.50,C-1.00xl20° 

Plano,C-2.00x3° 

S+l 00,C-1.50x90° 

0.8 

1.0 

0.8 

17 

11# 

8# 

1.75D*/64% 

0D / 0% 

4D / 160% 

+0.1 

-0.25 

-0.75 

D S+1.25,C-1.25xl75° 1.0 4 / 8 

E Plano,C-1.50xl68° 1.0 4 / 8 

F Plano,C-1.50xl70o 1.0 4 / 8 

S+0.50,C-1.75x95° S+0.25,C-0.25x95° 1.0 13 

S-0.25,C-0.50x26° S+0.25,C-1.50x170° 1.0 23# 

S-1.25 S-1.00,C-0 50x180° 1.0 6 # 

1 50D /120% -0.5 

0D / 0% +0.5 

ID / 66% 0 

G S+2.00,C-2.50xl78° 0.8 4 / 9 S+0.25,C-1.50x100° S+0.50,C-1.00x0 o 

H S+2.00,C-1.50xir 1.0 4 / 9 S+1.50,C-0.75xO° S+2.0O,C-1.25xl0° 

I S+1.00,C-1.00x85° 1.0 4 / 9 Plano,C-1.00xl66° S+0.25,C-0 50x90° 

1.0 

1.0 

1.0 

6t 

6# 

15 

1 5 D / 6 0 % 

0 25D / 17% 

0 5D / 50% 

-0.75 

+0 1 

-0.50 

* axis change 50° 

# retreatment perfonned, either LTK (C,H), PRK (F) or T-cuts (B,E) 

"(• did not attend follow-up visit 

LTK: laser thermal keratoplasty 

SMR: subjective mamfest refraction 
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Discussion 

In order to determine whether a cornea, which had previously received a 
photorefractive keratectomy (resulting in the removal of Bowman's membrane), 
would respond differently to the application of LTK, compared to an untreated 
cornea, we have studied the efficacy of LTK in cases of hyperopia and in cases of 
astigmatism. 
The efficacy of LTK on eyes with naturally existing hyperopia was reported by 
Koch6, who presented the 2-year follow-up of 28 eyes. A stable effect of 0.5 
(±0.3) D was achieved by applying 8 spots at 6 mm and an improvement of 1.5 
(±0.3) D was achieved with 2 rings of 8 spots at 6 and 7-mm diameter. Regression 
occurred mainly in the first 6 months 
Tuton however, was disappointed having treated 22 eyes with hyperopia with 
LTK (2 nngs of 8 spots at 6 5 and 9 mm) because 50% of the eyes showed regres
sion m the 2 postoperative years. Induction of astigmatism occurred in 23% of the 
eyes. 
Nano8 reported 1-year results of LTK treatment on 182 eyes of 116 patients. The 
laser spots were placed in a 1 to 3 nngs pattern Seventeen percent of the eyes 
were retreated within 9 months. After 12 months 46% of 140 eyes were within 
ID of emmetropia After 12 months the mean preoperative spherical equivalent 
manifest refraction of+2.50 (±0.87) D was reduced to +1.25 (±0.96) D 
In a previous study9 we have discussed our results of treatment of naturally existing 
hyperopia with Ho-LTK. Eight spots at a 7-mm treatment zone could alter the 
spherical equivalent of manifest refraction 1 5 (±0.45) D (1-year follow-up). 
Regression and low predictability of the effect were shown to be disadvantages 
Induction of cylinder did occur. 

Correction of astigmatism with Holmium laser is scarcely discussed in literature. 
Cherry10 started off with 31 eyes, but after 18 months there were only 7 eyes 
remaining, because of frequently applied re-treatments. Only 4 of these 7 eyes 
could be considered a success. 
Goggin and Lavery11 studied contact Holmium:YAG LTK earned out on 11 eyes 
with persistent symptomatic hyperopia following myopic PRK They used 
between 4 and 16 spots per eye, depending on the error to be corrected. Nine of 
11 (82%) eyes were within 1.0 D of the target sphencal équivalent after 1 year 
The preoperative sphencal equivalent manifest refraction of+2.06 (±1.02) D was 
reduced to +0.51 (±0.55) D, 1 year after the operation. 
Alio and co-workers12 used Holmium laser to treat 14 eyes that were overcor-
rected after a PRK using 1 or 2 nngs of 8 spots at either 6-mm or 6 and 7-mm 
diameter. They succeeded in reducing a mean preoperative (cycloplegic) refractive 
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error (spherical equivalent) of+4.20 (±1.80) D (range +1.75 to +6.25D) to +0.63 
(±0.16) D (between -1 00 and +1.75D, 12 months after laser thermal kerato
plasty). A scatter diagram was not given so predictability is not known. Informa
tion on induction of astigmatism was not supplied either. Whether retreatments 
were performed or excluded is not clear 
Pop13 compared the results of non-contact LTK treatment for overcorrection after 
PRK in 36 eyes of 33 patients with the same treatment for naturally occumng 
hyperopia in 40 eyes. Different numbers of pulses and different energy levels were 
used. Some (n-?) eyes were retreated within 6 to 12 months and some eyes (n-7) 
received astigmatism correction simultaneously. Comparing the sphere compo
nents before and 12 months after the operation, no statistically significant differ
ences were found between the 2 groups. Whether astigmatism was induced by 
the treatment has not been reported. The authors concluded that Ho-LTK had 
only a limited success: two-thirds of the eyes they treated did not benefit at all. 
Astigmatism correction was inadequate. 

Our current study evaluating LTK after previous PRK shows that this treatment 
does not have an accurate effect. The treatment of hyperopia as well as the 
treatment of astigmatism yields unpredictable results. Astigmatism can be induced 
after Spher-LTK. The effect of both treatment modalities diminished mainly 
during the first 6 months after the operation This regression might continue even 
after 1 year 

One of the advantages of the Holmium laser application could be the possibility 
of enhancement procedures. 
In the correction of hyperopia it is recommended to begin with a treatment zone 
of 8-mm diameter, as treatment on a 9-mm zone has shown only minimal effect. 
If the result is insufficient or regression occurs, an enhancement procedure could 
be earned out. 
In the correction of astigmatism an enhancement procedure could be earned out 
as soon as the first treatment shows insufficient effect. It should be kept in mind 
that an overcorrection in the first postoperative penod is necessary in order to gain 
any effect on a longer-term basis. Whether LTK was performed on eyes with 
naturally occumng hyperopia or on eyes without Bowman's membrane following 
PRK, the results were similar as far as predictability and stability are concerned. 
We have drawn conclusions based on very low numbers of eyes. However, even 
these impressions could be useful and may possibly have added value in the process 
of choosing the appropnate treatment of hyperopia or astigmatism after PRK. 
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Chapter 8 

Abstract 

Objectives: To describe the refractive results of cataract surgery after photorefractive 
keratectomy (PRK) for myopia, and to find a more accurate method to predict 
intraocular lens (IOL) power in these cases. 
Design: Nonrandomized, retrospective clinical study. 
Patients and Methods: Nine patients (15 eyes) who had undergone cataract surgery 
after prior PRK to correct myopia were identified. The medical records of both 
the laser and cataract surgery center were reviewed. 
Main Outcome Measures: Eight different keratometry values (measured or calculated) 
were entered into 3 different IOL calculation formulas: SRK/T, Holladay and 
Hoffer Q. The actual biometry and IOL parameters were used to predict the 
postoperative refraction, which was compared with the actually achieved refractive 
outcome. Also, the relative underestimation of the refractive change in corneal 
dioptric power by keratometry after PRK was calculated. 
Results: In 7 out of 15 eyes, IOL exchange or piggybacking was performed because 
of hyperopia. Retrospectively, the most accurate K-value for IOL calculation was 
found to be the pre-PRK K-value corrected by the spectacle plane change in 
refraction. Use of the Hoffer Q formula would have avoided postoperative 
hyperopia in more cases than the other formulas. The mean underestimation of 
the change in corneal power after PRK varied from 42 to 74% depending on the 
method of calculation. 
Conclusion: The predictability of IOL calculation for cataract surgery after PRK 
can be improved by using a corrected, calculated K-value instead of the measured 
preoperative K-value. 
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Introduction 

Excimer laser photorefractive keratectomy (PRK) is widely used as a safe and 
predictable method to correct myopia. With time, an increasing number of 
patients presenting with cataract will have undergone PRK or another method 
of corneal refractive surgery, e g LASIK. 
Calculating intraocular lens power after corneal refractive surgery may be inaccu
rate and can lead to postoperative refractive surprises.12 Inaccurate postoperative 
refractions have been reported in eyes that have undergone cataract extraction after 
radial keratotomy3"5, as well as after PRK6"9. Only few case histories and small 
senes of patients have thus far been published. 
In the present study we analysed 15 eyes of 9 patients, who underwent cataract 
extraction after PRK surgery for myopia. Retrospectively, 8 different methods of 
measuring or calculating corneal keratometry values (K-values) and 3 different 
standard IOL calculation formulas were used to calculate the difference between 
the calculated expected refraction and the actual achieved refraction after cataract 
extraction and intraocular lens implantation. 

Patients, materials and methods 

Patients and clinical data 

All members of the Dutch Association for Refractive Surgeons were approached 
in order to collect a study group of patients who had undergone photorefractive 
keratectomy (PRK) to correct myopia, later followed by cataract extraction and 
implantation of an intraocular lens (IOL). Of all patients the medical records of 
the laser surgery center as well as the cataract surgery center were reviewed. All 
patients had previously signed a written informed consent, including an agreement 
with the use of medical information for scientific purposes, provided their identity 
would be protected. 

Of all patients the following data were collected (as far as available): best corrected 
visual acuity, subjective refraction, keratometry readings and topography values. 
These data were acquired from pre- and postoperative (one-year follow-up) 
examinations concerning PRK and before and after cataract extraction. 
Regarding IOL calculation, the following data were acquired: the axial length, 
the formula or method used for IOL calculation or estimation by the cataract 
surgeon, and the K-value used in the formula, and method of measurement or 
calculation of this K-value. Also, the .^-constant of the IOL, provided by the 
manufacturer for placement in the bag or in the sulcus, and the dioptric power 
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of the IOL, as well as the position of the IOL in the eye (in the bag or in the 
ciliary sulcus) was noted. These parameters were also acquired from the second 
IOL in case an exchange took place. 

Methods 

To calculate predicted refractive outcomes and compare them with the actual 
clinical data, different methods of measunng or calculating the K-value after 
refractive surgery by PRK were used (see also appendix)· 
1 K-values (KpreCat), measured manually or automatically, before cataract surgery 

and after PRK; 
2 Simulated K-values (SimKpreCat), obtained from corneal topography meas

urement after PRK, before cataract surgery; 
3 Minimal K-value (MinKpreCai) as measured by the TMS corneal topography 

machine (TMS, Computed Anatomy Inc., New York, NY) after PRK, before 
cataract surgery; 

4 A calculated K-value (KprePRK-ASEspec), denved from the original K-values 
(manual or automated) before PRX (KprePRK) minus the achieved refractive 
change due to PRK at the spectacle plane (ASEspec); 

5 A calculated K-value (KprePRK-ASEcom), denved from the onginal K-values 
before PRK (KprePRK) minus the achieved refractive change due to PRK at 
the corneal plane (ASEcom); 

6 A calculated K-value (SimKprePRK-ASEspec), denved from SimK (corneal 
topography) before PRK minus ASEspec, 

7 A calculated K-value (SimKprePRK-ASEcom), denved from SimK (corneal 
topography) before PRK minus ASEcom; 

8 A calculated K-value (KprePRK-i 114*AK), denved from the onginal 
keratometry value before PRK, minus 1 114 times the measured keratometry 
change AKtneas: KprePRK minus KpreCat. Theoretically, the measured change 
in keratometry after PRK is underestimated by a factor 1.114 (or 11.4%), since 
only the front surface of the cornea is changed by PRK, and regular keratomet
ry and topography use a keratometnc index of 1.3375 for front and back 
curvature of the cornea combined, instead of the refractive index of the front 
corneal surface, air to corneal stroma, which is 1.376.1012 

For methods 4-7, the achieved subjective refractive change at the one-year follow-
up visit after PRK was used. These values were entered into each one of three 
formulas, the SRK-T formula, the Holladay formula and the Hoffer Q formula. 
A commercially available computer program was used to perform these calcula
tions (Hoffer Programs, the Eye Lab, Inc., Santa Monica, CA, USA). The lens 
power and the /1-constant of the used IOL, the axial length, as well as the meas-
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ured or calculated K-values were also entered into these formulas to obtain a 
prediction of refractive outcome in each individual case. 
The difference between the predicted refraction and the actual postoperative 
refraction gives an indication of the error in refraction (hyperopic if positive, 
myopic if negative) when each of the 21 specific combinations of the used K-value 
and formula would have been used This difference was calculated for each eye, 
each K-value and each formula, and averaged for all eyes to compare the accuracy 
of the different K-values in each formula. 
When the achieved refraction, the axial length, the power and ^-constant of the 
IOL are all know vanables after cataract extraction and IOL calculation, the only 
missing parameter in the equation is the K-value. This theoretical K-value 
(Kexact), reflects the "real" refractive power of the cornea, and produces the power 
of the actually implanted IOL to achieve the actually achieved refractive outcome 
when entered in the IOL calculation formula. Kexact was calculated for each eye 
with each of the 3 IOL calculation formulas, by repeatedly entering K-values into 
the computer program for each formula, until the entered K-value resulted in the 
prediction of the actually achieved postoperative refraction using the actually 
implanted IOL. Subtraction of Kexact from the K-value measured before PRK 
(KprePRK) produces the exact (calculated) keratometnc change induced by PRK, 
AKcalc. This value may be compared with the measured keratometnc change, 
AKmeas - KprePRK minus KpreCat The factor Fexact is defined as AKcalc devided 
by AKmeas, and is a measure for the relative underestimation of the actual change 
in corneal curvature, measured by keratometry Since this factor was calculated 
for the 3 IOL calculation formulas, we obtained three calculated factors, one for 
each formula· FexactSRK, FexactHolIaday and FexactHoffer. 
Another method for calculating the underestimation of keratometry change due 
to PRK is dividing the achieved subjective refractive change at the corneal plane, 
ASEcom by the measured change, AKmeas. Theoretically, this value should be 
1.114, since only the front surface of the cornea is changed by PRK, and regular 
keratometry and topography use a keratometnc index of 1.3375 for front and back 
curvature of the cornea combined, instead of the refractive index of the front 
corneal surface, air to corneal stroma, which is 1.376.10"12 We define this factor 
Findex as ASEcom / AKmeas. 

149 



Table 1 Patient characteristics 

Patient 

nr, eye 

1 / O D 

1 / O S 

2 / O D 

2 / O S 

3 / O D 

3 / O S 
4 / O D 

5 / O S 

6 / O D 

6 / O S 
7 / O D 

8 / O D 

8 / O S 

9 / O D 

9 / O S 

Sex (M/F), 

age at PRK 

M / 4 5 

M / 4 5 

F / 6 4 

F / 6 5 

M / 4 9 
M / 4 9 

M / 5 5 

M / 6 6 

F / 2 9 

F / 2 9 

M / 4 1 

F / 4 3 

F / 4 2 

M / 5 1 

M / 5 1 

SE / VA / meanK 

before PRK 

-6.0 / 0.8 / 43.0 

-6.5/1.0/43.4 

-9.5 / 0.8 / 43.3 

-8.75 / 0.8 / 43.5 

-9.5 / 0.8 / 43.7 
-8.5 / 0.8 / 44.0 

-6.0 / 0.8 / 40.9 

-7.75/0.4/41.25 

-6.75 / 0.5 / 44.7 

-8.0 / 0.5 / 44.1 

-6.75 / 1.0 / 42.4 

-12.0/0.6*/41.6 

-11.5/0.6*/41.6 

-7.25/ 1.0/45.4 

-7.75/ 1.0/45.25 

PRK: 

intended 

correction 

(D), treatment 

zone (mm) 

5.7/5 

'6.5 / 5 

1 0 / 6 

1 0 / 6 

1 0 / 6 
9 / 6 

6.0/5 

8.0 / — 

— / _. 
— / .. 
7.0 / -

9.9/6 

9.9/5 

6.0/5 

8.0/5 

Nr. of 

retreat-

ments 

0 

0 

0 

1 

0 
0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

SE / VA / mean Κ 

1 year after last PRK 

-0 .5/ 1.0/39.5 

-0.75/ 1.0/39.4 

-0.5 / 0.7 / — 

-3.5 / 0.3 / 36.2 

-4.25 / 0.4 / 38.8 

-5.5 / 0.4 / 39.5 
-5.0 / 0.5 / 35.4 

-1.0/0.35/35.25 

-2.75/0.15/39.5 

-0.5 / 0.5 / 38.3 

— / — / — 
0.0 / 0.6* / — 

-0.75 / 0.5* / — 

- 0 . 8 8 / 1 . 0 / -

+ 1 . 5 / 0 . 9 / -

Remarlcs 

Measurement 5 mo after 

retreatment 

PRK treatment in other country 

PRK treatment in other country 

Congenital nystagmus 

Congenital nystagmus 

SE - sphencal equivalent of subjective refraction at spectacle plane 

VA - visual acuity, notation in Snellen lines 

Κ - keratometry, measured either manually or automatically, in Diopters 

D - diopter 

missing data 

*: visual acuity in patient 8 was measured with the other eye fogged 
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Results 

Clinical results 

A group of 9 patients (15 eyes) was identified, who had undergone photorefractive 
keratectomy (PRK) to correct myopia, later followed by cataract extraction and 
implantation of an intraocular lens. Table 1 shows the characteristics of the 6 male 
and 3 female patients. The patients ranged in age from 29 to 66 years (mean age 
49.8 years) at the time of PRK The mean preoperative spherical equivalent (SE) 
of the subjective refraction was - 8 2 (±1 9) D, ranging between —6 D and -12 D 
The intended correction by PRK ranged from 6 D to 10 D, the mean intended 
correction was 8 2 D. The exact intended correction was unknown of one patient 
who had PRK in another country (patient no. 6). In two eyes an enhancement 
procedure was earned out to correct residual myopia by retreatment with PRK. 
A follow-up of one year after refractive surgery or after retreatment was available 
in 13 eyes, patient 7 did not return for the one year follow-up visit, and patient 
2 had cataract surgery 5 months after PRK. In patient 2, we therefore used 
measurements at the last PRK follow-up visit for calculations 
The mean interval between PRK (or retreatment, in two eyes) and cataract 
extraction was 2 years and 9 months, range: 5 months to 5 years and 4 months. 
All 15 eyes showed nuclear cataract, six eyes also showed cortical or postenor 
subcapsular opacities. 
Table 2 presents the pre- and postoperative data concerning cataract extraction 
and IOL implantation of the 15 eyes of the study group. Seven different ophthal
mologists performed the surgery. Each cataract surgeon used the standard biometry 
and IOL calculation formula of that specific cataract surgery centre Therefore, 
several formulas were used (not shown). In 14 eyes the cataract extraction was 
performed by phacoemulsification, in one eye a manual extracapsular cataract 
extraction technique was used. No intra- or postoperative complications, such as 
a ruptured capsule, vitreous loss, or endophthalmitis occurred. 
In 6 eyes the K-value measured before cataract extraction after PRK, KpreCat, was 
used to calculate the power of the IOL before cataract surgery (conventional 
method). These 6 eyes achieved a hyperopic postoperative refraction ranging from 
+ 1 D to +6 D (mean +3.3 D, SE) In 4 of these 6 eyes exchange of the IOL took 
place, and in one eye a second IOL was added (piggyback). 
In the other 9 eyes different methods to determine the power of the IOL were 
applied. An estimation of IOL power by rule of thumb ("standard IOL method") 
was used in two eyes of one patient. The rule of thumb can be desenbed as 
follows: a normal emmetropic eye will usually need an IOL with an /l-constant 
of 118.0 and a power of 21 D, so in an eye that achieved emmetropia after PRK, 
an IOL of 21 D was used. A correction was made for residual myopia after PRK 
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Table 2 Characteristics concerning cataract extraction: pre- and postoperative data 

Paoent 

nr, eye 

SE/VA/mean Κ 

before cataract 

extacnon 

Axial 

length 

(mm) 

Time 

PRK-Cat* 

(yean, 

months) 

Method used in 

pnmary IOL 

calculation 

First IOL: 

Power (D)/ 

Λ-constant 

SE after 

pnmary 

IOL im

plantation 

IOL Final IOL: 

exchange Power (D)/ 

Yes/No A-constant 

Final 

SE/VA 

Remarks 

1/OD -2.5/0.5/39.7 25 4 5y, 4m 

1/OS 

2/OD 

2/OS 

3/OD 

3/OS 

4/OD 

5/OS 

6/OD 

6/OS 

7/OD 

-0.75/0 7/39.4 25.4 ly, 10m 

^1.5/0.4/39.4 26.1 4y, 4m 

-3.5/0.3/36.2 26.0 Oy, 5m 

-4.25/0.4/38.8 27.7 ly, 3m 

-5.5/0 4/39.5 27 1 ly, 1m 

-5 0/0 5/35.4 27.5 ly, 7m 

- 2 0/0.5/36.3 25 8 2y, 4m 

-3.25/0.2/39.5 24.3 ly, Π m 

-0.75/0 5/38.5 25.0 

-1.0/0.5/-- 27.0 

2y, 6m 

4y, 4m 

Using estimated 

K-value 

Conventional 

22.0/118.7 0.0 

20.0/118.0 +1.0 

Based on expenence 22.0/118.0 0.0 

with contralateral eye 

Conventional 

Conventional 

Conventional 

Conventional 

Using estimated 

K-value 

17.5/118 5 +6 0 

16.0/118 5 +2 5 

14.5/118.5 +2.5 

15.0/117.4 +4.0 

24.0/118.7 -0.75 

Automated refraction 26.0/118.0 -3.0 

peroperatively, 

intraoperative 

exchange IOL 

Based on expenence 23.0/118.7 -0.875 

with contra lateral eye 

Automated refraction 18.0/118.7 — 

peroperatively, 

intraoperative 

exchange IOL 

Ν 

Ν 

ΝΑ 0.0/1 0 

Ν 

Ν 

Υ 

Υ 

Υ 

Υ(2χ) 

Ν 

Υ 

ΝΑ 

ΝΑ 

22 0/118 0 

19.0/118 0 

17.5/118.0 

21.0/117.4 

ΝΑ 

24 0/118.0 

+ 1.0/1.0 

0.0/0.5 

-0.75/0 3 

-1.5/1.2 

-0.25/1.0 

-0.6/0.8 

-0.5/1.0 

-1.25/0.7 

RD.after PRK, 

repaired before 

biometry and 

cataract surgery 

PCO 

S 

ΝΑ +0.9/0.4 

20.0/118.7 +0.5/0.7 



8/OD 0.0/0.15V34.4 29 5 3y, 4m "rule of thumb" 

8/OS 0.0/0.15*/37.4 28.9 3y, 2m "rule of thumb" 

9/OD -2.6/0.25/38 9 25 9 2y, l l m Conventional 

9/OS 1.0/0.3/41.3 26.1 4y, 5m Based on expenence 

with contralateral eye 

21.0/118.0 0.0 

20.0/118.0 0 0 

19.0/118.0 +3.75 

25.0/118.0 -1.5 

Ν 

Ν 

Y, IOL 

added 

Ν 

ΝΑ 

ΝΑ 

6.0/118.0 

(piggyback, 

sulcus) 

ΝΑ 

0.0/0.2* 

0.0/0.3* 

0.0/0 8 

-1.5/0.4 

PCO, congenital 

nystagmus 

congenital nys

tagmus 

PCO 

Time PRK-Cat*· time from final PRK treatment to cataract surgery 

SE: spherical equivalent of subjective refraction at spectacle plane 

VA: visual acuity, notation in Snellen lines 

R-D: retinal detachment 

PCO: posterior capsule opacification accounting for diminished visual acuity 

— : missing data 

NA: not applicable 

Using eslimated K-value a K-value was estimated, flatter than a measured K-value, by subtracting the achieved refraction at the corneal and/or spectacle plane from 

the original K-value, and by correcting the change in K-value by 11.4% and averaging these calculated K-values. 

Conventional: the standard formula (in concerning centre) was applied, using the mean K-value measured after PRK, before cataract extraction (KprePRK) 

"rule of thumb": the IOL power used in emmetropic eyes ("standard IOL") was taken, after correction for residual refractive error after PRK (educated guesswork) 

*: visual acuity in patient 8 was measured with the other eye occluded 
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In 2 eyes an estimation of a K-value was made, using different methods of calcula
tion and guesswork, by subtracting the achieved refraction at the corneal and/or 
spectacle plane from the original K-value, and by correcting the K-value by 11.4% 
and averaging these calculated K-values. 
In 2 eyes automated refraction was performed during the operation after the IOL 
implantation, using a hand held autorefractometer (Retinomax, Nikon Inc., 
Melville, N.Y.). In these 2 eyes intra-operative exchange of the IOL took place. 
In the remaining 3 eyes calculation or estimation of the power of the IOL was 
based on the refractive outcome in the contralateral eye. 
IOL exchange was performed intra-operatively in 2 eyes. In the other 5 eyes in 
which IOL exchange was performed or an IOL was added, the second IOL power 
was estimated using the original IOL power and the residual subjective refractive 
error. In these eyes, the interval between cataract surgery and subsequent surgery 
varied from 2 to 8 months (mean: 6 months). In 3 eyes, the IOL was again placed 
in the capsular bag, in one eye in the ciliary sulcus, and in one eye a second IOL 
was placed in the ciliary sulcus (piggyback). 

Twelve of 15 eyes (80%) achieved a final postoperative refraction (SE) within 1 
D of emmetropia, including 7 eyes after IOL exchange or adding an IOL. The 
remaining 3 eyes achieved a final SE of-1.25 D or -1.5 D. In all eyes, in which 
cataract surgery was performed after (often elaborate) discussions and calculations, 
or reasoned estimation of the appropriate K-value, an acceptable postoperative 
refraction was reached without the need for IOL exchange. No late postoperative 
comphcations such as regression, corneal haze formation, instability of refraction 
or other problems were noted, apart from posterior capsule opacification. 

Theoretical results 

Table 3 presents the calculations on the difference between the actual (achieved, 
subjective) refraction (SE) and the calculated expected refraction (SE), using the 
3 IOL calculation formulas and 8 ways of measuring and calculating the K-value. 
In these calculations, a number of eyes was excluded. Patient no 9, OD was 
excluded because of the addition (piggy-backing) of another lens instead of IOL 
exchange, which made retrospective calculations using the power of the implanted 
IOL impossible. For each calculation a number of eyes had to be excluded, since 
keratometry, corneal topography and/or refraction data were incomplete. In 3 
patients (4 eyes) the refractive change measured one year after PRK could not 
reliably be used to calculate a corrected K-value. This was caused by a decline in 
visual acuity due to cataract and/or a myopic change in refraction due to nuclear 
sclerosis: patients 2 OS; 3 OU and 4 OD. 
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Table 3 Difference between actual (achieved) refraction after final IOL implantation and predicted refraction, calculated 

with different formulas 

Keratometry method 

applied* 

KpreCat 

SimKpreCat 

MinKpreCat 

KprePRK-bSEcom 

SimKprePRK-bSEcom 

KprePRK-bSEspec 

SimKprePRK-hSEspec 

KprePRK-l 114*AKmeas 

Number of eyes 

13 

10 

9 

10 

10 

6 

6 

11 

Mean calculated difference 

with SRK-T formula. 

D ± SD (range) 

+2 8 ± 2 0 

(+0 4 to +6 6) 

+2 5 ± 2 3 

(-0 5 to +6 2) 

+ 1 8 ± 2 5 
(-1 6 to +5 7) 

+0 7 ± 0 8 

(-0 3 to +2 2) 

+ 13 ± 0 9 

(+0 3 to +2 7) 

+0 6 ± 0 9 

(-0 7 t o + 1 9 ) 

+ 1 4 ± 10 

(-0 2 to +2 5) 

+2 2 ± 2 2 

(-0 3 to +6 2) 

Mean calculated difference 

with Holladay formula. 

D ± SD (range) 

+2 6 ± 2 1 

(0 0 to +6 4) 

+2 3 ± 2 5 

(-1 0 to +6 4) 

+ 1 5 ± 2 7 
(-2 1 to +5 8) 

+0 3 ± 0 8 

(-0 8 to +1 6) 

+ 1 0 ± 10 

(-0 2 to +2 7) 

+0 2 ± 0 9 

(-1 3 to +1 4) 

+ 1 1 ± 1 1 

(-0 8 to +2 3) 

+ 1 9 ± 2 4 

(-0 7 to +6 0) 

Mean calculated difference 

with Hoffer Q formula, 

D ± SD (range) 

+ 1 9 ± 2 0 

(-0 5 to +6 0) 

+ 1 5 ± 2 4 

(-1 4 to +5 5) 

+0 7 ± 2 6 
(-2 7 to +4 9) 

- 0 6 ± 0 9 

(-1 8 to +0 8) 

+0 1 ± 0 8 

(-1 2 to +1 2) 

-1 0 ± 1 0 

(-2 4 to +0 3) 

- 0 1 ± 0 9 

(-1 8 to +0 9) 

+ 1 1 ± 2 2 

(-0 9 to +5 9) 

Actual hyperopic refraction relative to predicted 
* see appendix for explanations of abbreviations 
Ν - number of eyes, D - diopter, SD - standard 

refraction will be found in the table with a "plus" sign 
for keratometry methods applied 
deviation of the mean 
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A number with a positive sign in table 3 indicates that the actual refraction is more 
hyperopic than the predicted refraction. For example, for regular keratometry 
readings after PRK in combination with the SRK/T formula, the mean actual 
achieved refraction in these 13 eyes is 2.8 D (±2.0) more hyperopic than this 
combination of K-value and IOL formula predicts. 
All three keratometry measurements, based on actual preoperative measurements 
(KpreCat, SimKpreCat, and MinKpreCat) before cataract extraction (after PRK) 
yield a considerable positive mean difference with a wide range. This is consistent 
with our clinical finding of unexpected hyperopia after "conventional" kerato
metry and IOL calculation (see Table 2). Keratometry readings taken before PRK 
corrected by the change in refraction after PRX (KprePRK-àSEspec, 
KprePRK-àSEcom, SimKprePRK-kSEspec, SimKprePRK-kSEcom), yield more 
accurate findings. The K-values in this series of eyes that predict the actual 
achieved refraction most accurately, is the value derived by correcting the K-value, 
measured before PRK, either manual or automated, with the change in refraction 
at spectacle plane (KprePRK— ASEspec). Also, the range in the difference between 
actual and expected refraction is smaller when "refractive change"-corrected 
original keratometry readings are used instead of uncorrected keratometry or 
topography measurements after PRK, or instead of the measured keratometry 
change corrected by the theoretical factor of 1.114. 

Table 4 shows the number and percentage of eyes with an achieved refraction after 
cataract surgery within 1 diopter of predicted refraction for the actual implanted 
IOL, using the 8 keratometry methods and 3 different IOL calculation formulas. 
From this table can be concluded that IOL calculation is less predictable after PRK 
than in the normal situation even after correcting the K-value, since the maximal 
percentage is only 70%. Using uncorrected keratometry or topography values 
(KpreCat, SimKpreCat or MinKpreCat) will result in a high percentage of cases that 
have a postoperative refractive error of more than 1 D. Using KprePRK-kSEspec 
in any of the three formulas results in the highest percentage of eyes within 1 D 
of the predicted refraction. A clear preference for one IOL calculation formula 
cannot be made from this table. 

Table 5 shows the number of eyes and percentage of eyes with an achieved 
refraction less than 0.5 D more hyperopic than predicted, using different 
keratometry values and IOL calculation formulas. From this table we can retro
spectively conclude that use of the Hoffer Q formula, combined with a K-value, 
derived from the original K-value minus the refractive change due to PRK 
(KprePRK-ASEspec, SimKprePRK-ASEspec, KprePRK-ASEcom, orSimKprePRK 
—ASEccim) would have resulted in the least instances of unexpected hyperopia in 
this group of patients. 
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Table 4 Number of eyes and percentage of eyes with a predicted refraction 

within 1 D of achieved post cataract refraction, using different kerato-

metry-values and IOL-calculation formulas 

Keratometry method apphed* 

KpreCat 

SimKpreGji 

MinKpreCai 

KprePRK-bSEcom 
SimKprePitK-ASEram 

KprePRK-LSEspec 
SimKprePRK-ASEipei 

KprePRX-1 114*AKme<w 

Ν 

13 
10 

9 

10 

6 

10 

6 

11 

SRK-T 

formula 

Ν 

2 

3 

3 

5 

2 

7 

4 

2 

(%) 

(15) 

(30) 

(33) 

(50) 

(33) 

(70) 

(66) 

(18) 

HoUaday 

formula 

Ν (%) 

3 (23) 

4 (40) 

3 (33) 

5 (50) 

2 (33) 

7 (70) 

4 (66) 

5 (45) 

Hoffer Q 

formula 

Ν (%) 

4 (31) 

2 (20) 

2 (22) 

7 (70) 

4 (66) 

7 (70) 

3 (50) 
5 (45) 

* see appendix for explanations of abbreviations for keratometry methods applied 

Ν - number of eyes, D - diopter, SD - standard deviation of the mean 

Table 5 Number of eyes and percentage of eyes with an achieved refraction less 

than 0.5 D more hyperopic than predicted, using different keratometry 

values and IOL-calculation formulas 

Keratometry method applied* 

KpreCat 

SimKpreCiJi 

MinKpreCat 

KprePRK-ASEcom 
SimKprePRK-ASEcom 
KprePRK-ASEspec 
SimKprePRK-ASEspec 
KprePRK-1.114*AKmeas 

Ν 

13 

10 

9 

10 

6 

10 

6 

11 

SRK-T 

formula 

Ν (%) 

1 (8) 

2 (20) 

3 (33) 

2 (20) 

1 (17) 

5 (50) 

2 (33) 
2 (18) 

HoUaday 

formula 

Ν (%) 

2 (15) 

3 (30) 

4 (44) 

5 (50) 

2 (33) 

6 (60) 
4 (66) 

3 (27) 

Hoffer Q 

formula 

Ν (%) 

13 (23) 

4 (40) 

4 (44) 

7 (70) 

5 (83) 

8 (80) 

6 (100) 
5 (45) 

* see appendix for explanation of abbreviations for keratometry methods apphed 

Ν - number of eyes, D - diopter, SD - standard deviation of the mean 
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The factor measuring the "real" relative underestimation of the change in the 

corneal dioptric power following PRK, Fexact, could be calculated for 11 eyes. 

One eye with two lOLs was excluded from this calculation, and in three eyes, the 

data were insufficient to perform this calculation. This factor, calculated by 

dividing the calculated "exact" change (AKcalc - KpreCat - Kexact) by the meas

ured change (AKmeas - KprePRK minus KpreCat), was found to have a mean of 

1.74 for the SRK/T formula, 1.63 for the Holladay formula and 1.42 for the 

Hoflfer Q formula. 

Findex defined as ASEcom / AKmeas, should theoretically be 1.114, since only the 

front surface of the cornea is changed by PRK, and regular keratometry and 

topography use a keratometric index of 1.3375 for front and back curvature of the 

cornea combined, instead of the refractive index of the front corneal surface, air 

to corneal stroma, which is 1.376.10"12 This factor could be calculated for 10 eyes, 

and had a mean of 1.44 (±0.50), range 0.68 to 2.16. The results of the calculation 

of the different factors, indicating the amount of underestimation of corneal power 

change measured by keratometry after PRK, are summarised in table 6. N o 

correlation between these factors and diopters of refractive change by PRK, or 

change in keratometry readings before and after PRK could be found. 

Table 6 Factors, indicating the amount of underestimation by regular 

keratometry in corneal refractive power change after corneal refractive 
surgery for myopia (PRK) 

Factor* 

FexactSRK 
FexactHolladay 
FexactHoffer 
Findex 

Ν 

11 
11 
11 
10 

mean 

1.74 
1.63 
1.42 
1.44 

range 

1.09-2.96 
0.99 - 2.78 
0.93 - 2.46 
0.68-2.16 

SD 

0.59 
0.58 
0.49 
0.50 

see appendix for explanations of calculations of the different factors 
Ν - number of eyes, SD - standard deviation of the mean 

Discussion 

After PRK for myopia, the change in refractive status of the eye is not accurately 

reflected in the change in the dioptric power of the cornea as measured by con

ventional keratometry. Errors in refractive status after cataract extraction following 

excimer laser surgery have been reported in a few case reports.6"9 In these reports 

underestimation of the intraocular lens power needed to achieve emmetropia 
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caused erroneous hyperopic outcomes. In this study too, use of uncorrected 
keratometry values measured after PRK before cataract extraction to calculate the 
power of the intraocular lens appeared to be inappropriate. This resulted in 
hyperopia, necessitating IOL exchange. In our study, retrospective calculations 
showed that a corrected K-value, derived by subtracting the achieved change in 
refraction at spectacle plane one year after PRK from the K-value of the cornea 
measured before PRK, is a more appropriate K-value to use in IOL-calculation 
formulas after PRK. 

After PRK, the inaccuracy of conventional keratometry and corneal topography 
measurements to represent the "true" refractive corneal power is the main obstacle 
to accurate IOL-prediction. Several studies discuss the discrepancy between 
keratometric and refractive change after refractive surgery.1013"18 Hersh et a/.13 

found that the topography unit tended to overestimate refractive change for 
corrections of 5 D or less and found an underestimation of changes of more than 
5 D. Maeda14 compared keratometry-style readings with average corneal power, 
defined as the average of all measurements taken by computer topography within 
the entrance pupil. The authors found the difference between the two parameters 
in eyes treated by PRK to differ significantly from normal eyes. More importantly, 
Mandell10 argued that only the change induced by PRK in the front surface of the 
cornea should be considered, therefore using the refractive index of corneal 
stroma, i.e. 1.376, instead of the currendy used index of 1.3375 for front and back 
curvature combined. Several authors therefore advocate to use a correcting factor 
of 1.114, or add 11.4% to the difference in regular or computerised keratometer 
readings before and after PRK, taken with an instrument using the keratometer 
index of 1.3375.10-12 

In our study, we found "correcting factors" of 1.42 to 1.74, depending on the 
method of calculation, indicating a mean underestimation of the change in K-value 
after PRK of at least 42% in these cases. 
Recendy Seitz et al.17 performed a study on 31 eyes before and after PRK for 
myopia of-1.5 D to - 8 D (mean 5.4 (±1.9) D). The authors compared kerato
metric and topographic measurements after PRK with corrected post-PRK 
K-values. The relative flattening of the cornea appeared to be underestimated by 
14% to 30% (mean 24%) depending on the method of calculation. The measured 
corneal power after PRK was significantly greater than the calculated corneal 
power. Powers of intraocular lenses were calculated using corrected K-values in 
the SRK-T and HAIGIS formula. The calculated corneal power using the SE 
change of refraction at corneal plane was suggested to be most appropriate on 
theoretical grounds. Corneal power overestimation and IOL power underestima
tion correlated significandy with the SE change after PRK and with intended 
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ablation depth. These calculations were based on the comparison of changes in 
the corneal curvature before and after PRK, calculating theoretical differences in 
IOL-power, and not on actual clinical data after cataract extraction. The average 
preoperative refraction prior to PRK in our study is -8.2 D. This is in contrast 
with the eyes studied by Seitz et a/.17 in which the mean preoperative refraction 
was -5.4 D. These authors found a correlation between the corneal power 
overestimation and the SE change, induced by PRK. Considering the relation 
between the amount of myopia that was corrected and the relative underestima
tion, it can be predicted that the underestimation will even be larger after LASIK 
procedures for high myopia. In our study group however, we did not find this 
correlation. More research is needed in this area. 

Two tentative conclusions can be drawn. Apparently, the initially proposed factor 
of 11.4%, to correct the keratometric change induced by PRK, appears to be too 
low. Secondly, because of the large range in relative underestimation of corneal 
power change, the use a fixed correcting factor, e.g. 1.114, 1.42 or 1.74, for the 
measured keratometry change after PRK, will probably result in an equally large 
range of refractive outcomes after cataract surgery, and is therefore not advocated. 
However, larger prospective studies are needed to confirm our conclusions. 

With regards to the different IOL calculation formulas, no consistently better or 
worse formula could be identified to achieve a refraction within 1 D of the 
predicted refraction. The formula used seems less important than the method of 
calculating the appropriate K-value to avoid large unexpected refractive errors. 
However, to avoid postoperative hyperopia, the Hoffer Q formula seems to be 
superior to the SRK-T and Holladay formula. This is important, since postopera
tive hyperopia will be even less tolerated than postoperative residual myopia in 
a refractive surgery patient. 

This study has limitations. Although, to our knowledge, the number of eyes 
presented in this study create the largest series thus far, it is a low number. From 
most patients, both eyes were included. Statistics were not applied because of these 
two factors. 
Other methods to determine the correct refractive corneal power after PRK, such 
as the contact lens overrefraction method19 or methods using the Stiles-Crawford 
effect15, were not employed in this study, and may prove superior. However, a 
recent paper showed that in a study group of normal eyes, the method of contact-
lens overrefraction is less accurate when visual acuity is decreased to due cataract. 
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Even so, for patients whose original pre-PRK values have been lost over time, this 
method may well prove its value in the future. 
Peroperative autorefractometry gave satisfactory outcomes in two eyes in this 
study. The clinical applicability of this method may be limited, since autorefracto
metry is less reliable after PPJC than in normal eyes.18 This is also the case after 
laser in situ keratomileusis (LASIK).21 

Other methods to achieve an acceptable refractive outcome in several difficult 
situations (cataract surgery after radial keratotomy, after penetrating keratoplasty) 
have been described.22"2 In our series IOL exchange, and adding a piggyback IOL, 
was successfully performed without serious complications. 

Using actual clinical refractive outcome after cataract extraction following PRK, 
we studied which method was most suitable to calculate the K-value to apply in 
a formula to calculate the IOL power. In any case, correcting the measured 
K-value with the refractive change after PRK increased accuracy, and decreased 
the chance of unexpected hyperopia. We found spectacle-plane-refractive-change-
corrected K-values to be most accurate. The HofFer Q formula was superior to 
the SRK-T and Holladay formulas in avoiding a large hyperopic outcome. We 
must, however, be aware that considerable ranges in outcome occur and larger 
numbers of patients are needed before a definite answer can be given to the 
question, which method of IOL calculation is best after prior PRK. 

Based on this study and our clinical experience we would propose the following 
recommendations: 

• the patients should be well informed that they need to mention prior corneal 
refractive surgery to their ophthalmologist when cataract surgery is proposed; 

• it might be advisable to provide the patients a "wallet card" with the following 
data: K-values and spectacle refraction prior to PRK, and these data measured 
one year after PRK, maybe even completed with axial length measurements 
to be able to differentiate between corneal regression, myopisation due to 
cataract and an increase in axial length when necessary; 

• in case of a significant change in refraction after PRK, every attempt should be 
made to differentiate between myopic change due to (late) regression of the 
induced corneal change after PRX, an increase in axial length, or to nuclear 
cataract, and to document this appropriately; 

• to calculate the appropriate IOL for implantation, measured K-values after PRK 
overestimate corneal power. We recommend to replace these measured 
K-values by a value, obtained by correcting the K-value measured before PRK 
with the change in refraction (SE) due to PRK at the spectacle plane; 
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• use of the Hoffer Q formula will probably result in less unexpected hyperopia; 

• the patient who is eligible for cataract surgery after PRK should be informed 

that, thus far, the methods to calculate IOL power are (not yet) fully adapted 

to the situation after PRK, and an IOL exchange or other additional interven

tion may be necessary to achieve emmetropia. 
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Appendix 

List of abbreviations 

KprePRK mean K-value, measured manually or automatically before 
PRK 

SimKprePRK mean Sim-K value (corneal topography) before PRK 
KpreCat mean K-value measured manually or automatically after 

PRK, before cataract surgery 
SimKpreCaf mean Simulated K-value obtained by corneal topography 

after PRK, before cataract surgery 
MmKpreCat Minimal K-value as measured by the TMS corneal topo

graphy machine (TMS, Computed Anatomy Inc., New 
York, NY) after PRK, before cataract surgery 

ASEspec spherical equivalent of the achieved refractive change due 
to PRK at the spectacle plane 

ASEcom spherical equivalent of the achieved refractive change due 
to PRK at the corneal plane 

AKmeas KprePRK minus KpreCat 

Calculation of the different factors 

KexactSRK/T 

KexactHolladay 
KexactHoffer 
AKexact 
AKmeas 
Fexact 
ASEcom 

Findex 

the K-value, that predicts the actually achieved postoperative 
refraction when entered into the SRK/T formula, together 
with the actual axial length and IOL parameters. 
idem, for the Holladay formula 
idem, for the Hoffer Q formula 
KprePRK minus Kexact 
KprePRK minus KpreCat 
AKexact / AKmeas 
the achieved refractive change due to PRK at the corneal 
plane 
ASEcom / AKmeas 
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Summary / Samenvatting 

Summary 

The cornea contributes more than two thirds of the refractive power of the eye. 
Small changes in the corneal curvature will cause significant changes in refracting 
properties. Excimer laser and holmium laser are used to induce a change in the 
corneal curvature in order to treat refractive anomalies. The excimer laser removes 
tissue by means of photoablation, the holmium laser causes shrinkage and contrac
tion of tissue. The first technique was initially applied to treat myopic refractive 
anomalies, the latter to treat hyperopia. 

Refractive anomalies may be present in otherwise healthy eyes. 
When laser therapy is applied to healthy eyes, it is of the greatest importance to 
know what the effect of the therapy will be, as well as to be aware of any risks and 
side effects. 
The aim of this thesis is to assess the results of laser surgery, using excimer as well 
as holmium laser to treat a variety of refractive anomalies. Also, the difficulties 
associated with the calculation of the power of the intraocular lens for cataract 
surgery after corneal refractive surgery using excimer laser are addressed. 
In chapter 2 some technical aspects of the 2 laser systems used are described briefly. 
The excimer laser emits light with an ultra-violet wavelength (193 nm), the 
holmium laser produces infra-red irradiation (about 2100 nm). The reaction of 
the cornea to the photo-ablative trauma is essential for the effectiveness of the 
therapy. Therefore, a description of the wound healing process is included in this 
chapter. The ultimate goal of refractive surgery is to acquire an acceptable refrac
tive status for the eye. The different methods to assess the change in refraction 
following the treatment and the resulting changes in the comea are described. The 
various ways to present the results of the treatment are summarised. A review of 
the literature on the use of excimer laser and holmium laser to induce a change 
in refraction is provided. Briefly, some alternatives for both laser treatments are 
discussed. 
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Chapter 3 represents a study regarding the treatment of myopia up to 10 D using 
excimer laser photorefractive keratectomy. After 1 year, 245 patients were avail
able for evaluation. One eye of each patient (the first eye treated) was examined 
Sphencal equivalent refraction, uncorrected visual acuity and preservation of 
spectacle-corrected visual acuity were satisfactory in the group with preoperative 
myopia of-1.2 D to —6 .0 D: 79% of the eyes were within 1 D of emmetropia, 
94% of the eyes achieved an uncorrected visual acuity of 0.5 or more and 0.6% 
of the eyes finally lost more than 1 line of Snellen visual acuity. When higher 
amounts of myopia were treated (-6.1 D to -10 D), predictability diminished (48% 
within 1 D) and a higher chance of losing spectacle corrected visual acuity was 
found (6% lost more than 1 line). 

In chapter 4 the results of photo-astigmatic refractive keratectomy using an abla-
table mask in 41 eyes of 41 patients with myopic astigmatism are presented. One 
year after the treatment the mean sphencal equivalent of refraction was reduced 
from —5 6 (±2.0) D to —0.3 (±0.9) D. The mean cylinder component was reduced 
with 67 (±47)% from 1.8 (±0.9) D to 0.6 (±0.7) D. A subgroup analysis was 
performed to determine whether the amount of myopia (£—6 D or >—6 D), the 
amount of astigmatism (u2 D or >2 D) or the cylinder axis direction (with the 
rule or against the rule) affected the result of the treatment. No statistically signifi
cant differences were found. Significant loss of spectacle corrected visual acuity 
was found in 49% of the eyes one month after the operation. This loss was fully 
recovered in all eyes at the final examination however. 

Chapter 5 reports on the long-term results of photorefractive keratectomy on eyes 
that had been treated for myopia more than 5 years ago. Thirty-three patients were 
examined. The mean sphencal equivalent of refraction was found to be stable 
when measurements after 1 year were compared with measurements taken 5 years 
after the operation. Keratometry showed a statistically significant, but clinically 
insignificant change of 0.3 (±0.2) D over this time penod. 
The effect of holnuum laser thermal keratoplasty on hyperopic eyes is the subject 
of chapters 6 and 7. In chapter 6 39 eyes of 28 patients were studied following 
holmium laser thermal keratoplasty in order to compare the effect of 3 different 
treatment nng diameters on the reduction of the sphencal equivalent. The result
ing changes in final refraction after 6 months for the 6, 7 and 8-mm diameter 
treatment zones and after 12 months for the 7 and 8-mm diameter treatment zones 
are presented. No significant differences in efficacy were found when treatment 
using a 6-mm diameter nng was compared with treatment using a 7-mm diameter 
nng. Mean reduction of sphencal equivalent of subjective refraction was 1.4 
(±1.3) D using a 6-mm diameter treatment zone and 2.2 (±0.4) D using a 7-mm 
zone. The use of a 6-mm diameter nng earned a higher nsk of inducing astig-
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matism. Treatment using an 8-mm zone diameter was less effective than treatment 
using a 7 or 6-mm zone diameter. A reduction of 0.8 (±0.6) D in mean spherical 
equivalent was achieved using an 8-mm treatment zone. Regression of the effect 
of the treatment and low predictability are a concern. 
In chapter 7 the results of holnuum laser treatment on a group of 16 eyes of 16 
patients to correct hyperopia or astigmatism following previous excimer laser 
photorefractive keratectomy are described. This study was performed in order to 
obtain more insight on whether the absence of Bowman's membrane (due to the 
photorefractive keratectomy) would affect the results of holmium thermal kerato
plasty. In this small group of eyes, the differences in individual results are consider
able. Predictability and stability seem to be similar when this study is compared 
with laser thermal keratoplasty earned out on eyes with natural hyperopia or 
astigmatism. 

In chapter 8 the questions associated with the calculation of the power of the 
intraocular artificial lens to be used in cataract surgery are addressed. Keratometry 
following PRK had been found to be an unreliable parameter in the convention
ally used formulas to calculate IOL power and to predict the final refraction. 
Underestimation of the change in corneal refractive power following PRK may 
lead to hyperopic refractive errors following cataract surgery Measurements of 
refraction of 15 eyes of 9 patients, achieved following cataract surgery were 
available to re-calculate keratometry values and compare these with actual 
measurements. The mean factor indicating underestimation of the refractive 
change in corneal power by keratometry was 1.74 (±0.59), range 1.09 to 2 96. 
Also, 8 different keratometry values (measured or calculated) were entered into 
3 different formulas calculating the difference between the actually achieved 
postoperative refraction and the calculated expected refraction. All methods 
yielded considerable differences between the calculated and the actual postopera
tive refraction. Keratometer values measured before PRK and corrected for the 
change in refraction at spectacle plane following PRK seemed the most appro-
pnate to be used in the calculation of the IOL power. 
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Samenvatting 

Het hoomvlies heeft, samen met de lens, een functie in het breken van het licht 
(refractie) dat in het oog valt, zodat een beeld scherp op het netvlies wordt afge
beeld. Tweederde van het hchtbrekend vermogen van het oog wordt door het 
hoomvlies voor zijn rekening genomen. Kleine veranderingen in de vorm van het 
hoomvlies veroorzaken grote verandenngen in het brekend systeem. Zowel 
excimerlaser als holmiumlaser kan worden gebruikt om de vorm van het hoom
vlies te veranderen met als doel een afwijking in de refractie van dat oog te 
behandelen. Met excimerlaserstralen wordt weefsel verdampt (photo-ablatie), 
holmiumlaserenergie geeft door verhitting contractie van het hoomvliesweefsel. 
In eerste instantie vond de excimerlaser zijn toepassing in de behandeling van 
bijziendheid (myopie) door afvlakking van de hoomvliesboUing. De holmiumlaser 
werd toegepast om de kromming van het hoomvhes te laten toenemen met het 
doel verziendheid (hyperopie) te behandelen. 
Refractieafwijkingen komen voor in gezonde ogen. 

Als behandeling van een refractieafwijking op gezonde ogen door middel van 
laserstralen wordt overwogen, dient bekend te zijn wat het effect van de behande
ling kan zijn, evenals de risico's en bijwerkingen. 
Dit proefschrift beschrijft onderzoeken naar de resultaten van laserbehandehngen 
van zowel myope als hyperope refractieafwijkingen. Tevens gaat het in op het 
probleem van de bepaling van de sterkte van de intraoculaire kunstlens die ge
plaatst moet worden bij een staaroperatie. 
In hoofdstuk 2 worden kort de technische eigenschappen van de twee lasersystemen 
uitgelegd. De excimerlaser produceert ultraviolet licht met een golflengte van 193 
nm, de holmiumlaser geeft infrarode straling met een golflengte van ongeveer 
2100 nm. De reactie van de cornea (het hoornvlies) op het trauma van de photo-
ablatie is van belang voor het effect van de behandeling. Daarom is een beschnj-
ving van het wondgenezingsproces opgenomen in dit hoofdstuk. 
Het doel van refractiechirurgie is een acceptabele refractieafwijking te verkrijgen. 
Hoofdstuk 2 beschrijft verschillende aspecten van het meten van de verandenng 
in de refractieafwijking en de verandenngen in de comea. Daarna gaat het in op 
de wijze van presenteren van de resultaten van refractiechirurgie Ook geeft het 
een overzicht van de literatuur betreffende resultaten van excimerlaser- en 
holmiumlaserbehandelingen. Ten slotte worden alternatieve methoden voor de 
behandeling van myopie en hyperopie besproken. 

Hoofdstuk 3 bespreekt de resultaten van 245 ogen van 245 patiënten die minstens 
een jaar tevoren een excimerlaserbehandeling (photorefractieve keratectomie 
(PRK)) hadden ondergaan voor de correctie van myopie tussen -1,2 D en -10 D. 
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Summary / Samenvatting 

Bij de behandeling van een refractieafwijking tussen —1,2 en -6 D, werd een 
bevredigend resultaat behaald wat een sfensch equivalent van de resterende 
refractieafwijking betreft (79 procent van de ogen werd <1 D van emmetropie), 
ongecorrigeerde gezichtsscherpte (94 procent van de ogen kreeg een 
gezichtsscherpte zonder refractiecorrectie van 0,5 of meer) en behoud van ge
zichtsscherpte (0,6 procent van de ogen verloor uiteindelijk meer dan één lijn op 
de kaart van Snellen). Bij de behandeling van hogere myopie (-6,1 tot-10 D) nam 
de nauwkeungheid van de behandelmethode af (SE ^1 D in 48 procent van de 
ogen) en was er een grotere kans om gezichtsscherpte te verhezen (in 6 procent 
van de ogen werd een verlies van >1 lijn op de Snellen-kaart gemeten). 
In hoofdstuk 4 worden de resultaten gepresenteerd van de behandeling van myoop 
astigmatisme by 41 ogen van 41 patiënten Er werd gebruikgemaakt van een 
zogenoemd ablatable mask, een cilindervormig plaatje PMMA dat een deel van 
de laserstralen opvangt. Eenjaar na de behandeling was het gemiddelde SE van 
de refractie teruggebracht van -5,6 (±2,0) D naar-0,3 (±0,9) D De gemiddelde 
cilindercomponent was met 67 (±47) procent gereduceerd van 1,8 (±0,9) D naar 
0,6 (±0,7) D. Een analyse van subgroepen vond plaats om te bestuderen of de 
hoogte van de preoperatieve myopie (<6 D of >6 D), de hoeveelheid astigmatisme 
(^2 D of >2 D) of de nchting van de as van de cilinder ('volgens de regel' of 
'tegen de regel') de resultaten van de behandeling beïnvloedden. Er werden geen 
staöstisch significante verschillen gevonden. Een significant verlies van gecomgeer-
de visus werd één maand na de behandeling geconstateerd in 49 procent van de 
ogen. Dit verlies was eenjaar na de behandeling echter geheel hersteld 
Hoofdstuk 5 bespreekt de langetermijnresultaten van PRK: 33 patiënten werden 
minstens vijfjaar na de behandeling onderzocht. Het gemiddelde SE van de 
refractie bleek stabiel tussen 1 en 5 jaar na de operatie. De keratometne toonde 
over deze tijdsspanne een statistisch significante, maar klinisch met-significante 
verandering van 0,3 (±0,2) D. 

Het effect van holmiumlaser op hyperope ogen is het onderwerp van de 
hoofdstukken 6 en 7. 
In hoofdstuk 6 worden 39 ogen van 28 patiënten beschreven met het doel het effect 
van holmium laser behandeling te vergelijken in dne groepen, elk behandeld met 
dne verschillende diameters van behandelzones. Het resultaat van de behandeling 
kon na zes maanden gemeten worden in de groepen waarbij de behandeling 
plaatsvond op 6 mm, 7 mm of 8 mm. Een twaalfmaandseffect was alleen te meten 
in de groepen met behandelzones van 7 mm en 8 mm. Het effect van de behande-
hng op 6 mm was vergelijkbaar met behandeling op 7 mm. De gemiddelde 
reductie van het SE bij behandeling op een zone van 6 mm diameter was 1,4 
(±1,3) D en bij behandeling op 7 mm 2,2 (±0,4) D. Behandeling op een zone van 
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Chapter 9 

6 mm bracht een hoger risico van induceren van astigmatisme met zich mee. 
Behandeling op een zone van 8 mm was minder effectief: hiermee werd een 
reductie bereikt van het gemiddelde SE van 0,8 (±0,6) D. Holmiumlaserbehande
ling wordt gekenmerkt door matige voorspelbaarheid van het effect en een 
regressie van het effect na verloop van tijd. 
Hoofdstuk 7 behandelt de studie van zestien ogen van zestien patiënten die een 
holmiumlaserbehandeling ondergingen na een voorgaande PRK ter behandeling 
van myopie. Deze zestien ogen waren hyperoop ofhyperoop astigmaat na often 
gevolge van de PRK. De studie had als onderliggende gedachte na te gaan of de 
afwezigheid van de membraan van Bowman (als gevolg van de PRK) van invloed 
was op de effectiviteit van de holmiumlaserbehandeling. In deze kleine groep ogen 
bestonden aanzienlijke verschillen in resultaat. Voorspelbaarheid en stabiliteit leken 
niet beter te zijn dan na holmiumlaserbehandeling van ogen die van origine 
hyperoop of astigmaat zijn. 

Hoofdstuk 8 gaat in op de berekening van de sterkte van de kunstlens die na een 
staaroperatie in het oog geplaatst moet worden. De keratometrie, gemeten na de 
PRK, bleek ongeschikt om toe te passen in de gebruikelijke formule en leidde tot 
ongewenste postoperatieve hyperopie. Van vijftien ogen van negen patiënten was 
de refractie, bereikt na cataractextractie en intraoculaire lensimplantatie, beschik
baar om een keratometriewaarde (K-waarde) terug te berekenen en te vergelijken 
met de werkelijk, voor de cataractchirurgie, gemeten K-waarde. De factor die de 
gemiddelde onderschatting weergeeft van de verandering van de kromming van 
de cornea, gemeten met keratometrie, was 1,74 (±0,59), variërend tussen 1,09 en 
2,96. De werkelijk behaalde refractie na de cataractchirurgie werd ook vergeleken 
met de voorspellingen van drie verschillende biometrieformules waarin K-waarden 
werden toegepast die op acht verschillende wijzen waren verkregen (gemeten of 
berekend). Geen enkele methode bleek nauwkeurig. 

De keratometriewaarden die gecorrigeerd werden met de verandering van de 
refractie, gemeten ter hoogte van het brillenglas, leken het meest geschikt om te 
gebruiken bij de berekening van de intraoculaire lens. 
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Ten slotte 

Terugkijkend op de penode van de voorbereidingen voor dit proefschrift moet 
mij van het hart dat ik het maar een 'eenzame stnjd' vond. Helemaal alleen ben 
je gelukkig nooit, en een woord tot mijn omgeving is op zijn plaats 
Prof. dr. A.F. Deutman wil ik danken voor het vertrouwen dat ik knjg, nu al bijna 
zestien jaar: vanaf het moment dat hij mij in opleiding tot oogarts nam tot nu, als 
staflid in zijn team. Bij het volgen van de ontwikkelingen op het gebied van de 
refractiechirurgie is hij een grote stimulans. August, het is een grote eer om je 
collega te mogen zijn. 
Prof dr G. van Rij was bereid mijn tweede promotor te zijn. In de solistische 
positie die ik op het gebied van de comea in Nijmegen inneem, is het goed om 
een echte kenner te mogen raadplegen. Dank je wel, Riel. 
Met staf en assistenten van de afdeling oogheelkunde deel ik de zorg voor de 
patiënten Ieder heeft zijn eigen (karakteristieke) inbreng en samen vormen we 
een goed team, waarmee ik het, denk ik, goed heb getroffen. Het stemt me 
verdrietig me te hennneren, dat ik Fred Pinckers nog slechts kon vertellen dat het 
proefschrift er aan kwam. 
Met alle coauteurs, maar vooral met Wim Lemmens, Theo de Boo, Rien Cuypers 
en Monica Odenthal heb ik stimulerende contacten gehad, die hebben geleid tot 
deze zes artikelen. Misschien nog meer in de toekomst'1 

Eigenlijk is er maar één echte coauteur: Katja Eggink. Haar naam zou ook onder 
de titel moeten staan. Behalve dat zij bijna de gehele tekst tot de huidige vormde, 
heeft zij inhoudelijk zelfs kritisch commentaar gegeven! Jij weet hoe ik dat op pnjs 
heb gesteld. 
Het "Instituut voor Oogheelkunde" is bevolkt met velen, allemaal met oog voor 
het oog. Ik werk met plezier met jullie allen samen 
Anja Mey en Berna Wiellersen wil ik hardop noemen, zij zijn in vele opzichten 
mijn steun en toeverlaat. 
Aan Albert Aandekerk en Evert Jan Steenbergen dank ik deskundige fotografische 
hulp. 
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Ten slotte 

In het Excimer Laser Centrum is Tanja Kuijpers de stabiele kracht: alle dossiers 
die ik heb gezien zijn ook door jouw handen gegaan. 
Mijn paranimfen heb ik gevraagd uit het thuisfront: mijn meest dierbaren Christof 
en Jan Willem. 
Voor Anna, Jorrit en Heleen ten slotte, hoop ik, dat deze exercitie een voorbeeld 
is van doorzettingsvermogen. Jullie mogen het trouwens ook wel bij het rijden 
van de Elfstedentocht laten, hoor! 
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Curriculum vitae 

Cathrien Eggink werd op 18 mei 1956 geboren in Groningen. Aan het Praedinius 
Gymnasium te Groningen behaalde zij in 1974 haar diploma gymnasium β. Toen 
zij uitgeloot werd voor de studie geneeskunde volgde zij één jaar van de Hogere 
Analisten School in Groningen. Van 1975 tot 1983 studeerde zij geneeskunde aan 
de Rijks Universiteit Groningen. Als 'arts-niet-in-opleiding' was zij daarna 
werkzaam bij de afdeling Urologie (prof. dr. P.W. Boer) van het Academisch 
Ziekenhuis Groningen en later in het Diaconessenhuis in Groningen. 
Cathrien Eggink besloot hierna, in navolging van haar vader, oogarts te worden. 
Van 1984 tot 1988 volgde zij de opleiding tot oogarts in het Academisch 
Ziekenhuis St. Radboud aan het Instituut voor Oogheelkunde (prof. dr. A.F. 
Deutman). Daarna bleef zij daar als staflid werkzaam. Haar belangstelling voor de 
oogheelkunde gaat vooral uit naar de pathologie en chirurgie van het voorsegment 
met speciale aandacht voor de cornea. 

In 1999 ontving zij voor het artikel "Treatment of Hyperopia with Contact 
Ho-YAG Laser Thermal Keratoplasty" de Troutman Award, de prijs voor het 
beste artikel van eenjaargang van het Journal of Refractive Surgery. 
Met Christof Randag deelt zij al bijna 25 jaar liefen leed. Zij zijn de trotse ouders 
van Anna, Jorrit en Heleen, nu 11, 9 en 8 jaar oud. 
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STELLINGEN 

Behorende bij het proefschrift 

Refractive laser surgery of the cornea 
A clinical evaluation 

CA. Eggink 

1. Excimerlaserstralen kunnen nauwkeung verandenngen in de cornea aan
brengen en daardoor een goed middel zijn om refractiechirurgie mee uit te 
voeren. 

2. Het effect van holmiumlaserstralen op hoomvliesweefsel is met exact voor
spelbaar en met stabiel. 

3 Het verlies van gecorngeerde gezichtsscherpte een maand na excimerlaser-
behandehng voor myoop astigmatisme herstelt zich gewoonlijk spontaan. 

4. Er is nog geen goede formule voor de berekening van de sterkte van de 
kunstlens die na cataractextractie geplaatst zal worden in een oog waann 
tevoren corneale refractiechirurgie met excimerlaser werd uitgevoerd. 

5. Patienten die verzoeken om correctie van een refractieafwijking door middel 
van chirurgie moeten eerst van hun hooggespannen verwachtingen afgehol
pen worden. 

6. Dat de wettelijke nchthjn om patiëntengegevens tien jaar te bewaren niet 
adequaat is, toont zich met alleen bij erfehjkheidsonderzoek, maar zal ook bij 
de berekening van de sterkte van de kunsdens voor cataractchirurgie blijken. 

7. De refractiechirurg dient niet uit het oog te verhezen dat bij een comea-radius 
van meer dan 8,25 mm gedacht moet worden aan het syndroom van Marfan. 
Er bestaat dan een verhoogde kans op een pathologische verwijding van de 
aorta ascendens (proefschrift J R.M. Cruysberg, 1996). 



8. Zelfs de grootst mogelijke zorgvuldigheid in de informatievoorziening aan 
de patiënt voor refractiechirurgie reduceert de kans op een schadeclaim na de 
operatie niet tot nul. 

9. Een refractieafwijking waar een bril voor moet worden gedragen is een 
handicap, vooral in de regen. Toch dient de verzekeringsmaatschappij noch 
refractiechirurgie noch regenpakken te vergoeden. 

10. We should be aware of the principal error of premature dissemination of a 
new technique in modem refractive surgery, of which clear lens extraction 
in the 19th century and radial keratotomy in the 20th century are examples 
(Seiler, J Refract Surg 1999;15:70-73). 

11. Een huisarts dient het rode oog van een patiënt die een comeatransplantatie 
heeft ondergaan nooit te behandelen als een conjunctivitis, maar tentond naar 
de oogarts te verwijzen. 

12. Wanneer vaderschap en moederschap dezelfde maatschappelijke waardering 
krijgen, zal de kans op een hoger percentage vrouwen in hogere functies 
toenemen. 

13. Zowel bij het rijden van de Elfstedentocht als bij het schrijven van een 
proefschrift kan niet de maatschappelijke relevantie, maar slechts persoonlijke 
eer als belangrijkste drijfveer worden aangewezen. 

14. De invloed van de hypophyse op de oogdruk is nog onvoldoende onderzocht 
(stelling proefschrift E.D. Eggink, 1960). 

Nijmegen, 24 maart 2000 






