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Basic Knowledge of Refractive Surgery

Correction of Refractive Errors Using Modern Surgical Procedures
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SUMMARY

Introduction: Refractive ophthalmic surgery allows
refractive errors to be corrected permanently in a safe,
effective, and reliable way with few complications.

Methods: Selective literature review with special reference
to the guidelines of the German Commission for Refractive
Surgery.

Results: With a total of almost 18 million treatments
performed to date, laser in-situ keratomileusis (LASIK) is
the most commonly used refractive surgical procedure
worldwide. Alternatives to LASIK include surface ablation
procedures (PRK, LASEK, Epi-LASIK) and phakic intraocular
lens implantation. If ocular accommodation is lost, removal
of the crystalline lens and implantation of modern multifocal
intraocular lenses (refractive lens exchange) provide an
alternative means of correcting myopia, hyperopia and
presbyopia.

Discussion: The treatment effect is maximized and
complications kept to a minimum if strict inclusion criteria
are applied and a high technical standard maintained
during the procedure.
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efractive surgery, asubfield of ophthalmology, is

defined as the surgical correction of refractive
errors of the human eye. It has become a highly special-
ized area in the last few years. Ophthalmic surgeons
now haveamultiplicity of refractive surgical methods at
their disposal for theindividualized correction of refrac-
tive errors. Techniques of refractive surgery on the cor-
nea and lens are now available that reliably fulfill the
standard criteria of safety, efficacy, cost-effectiveness,
and predictability of the refractive outcome (1, €1).

Thelearning objectivesof thisarticle arethat the reader

® should become familiar with the different tech-
niques of refractive surgery now available for the
correction of refractive errors of the human eye,

@ should know the indications for each technique
according to the guidelines of the German Com-
mission for Refractive Surgery,

® and should be ableto inform patients about the con-
traindications and possible complications of each
technique.

ThisCME articleisbased on aselectivereview of the

literature and on the authors personal experience of
more than 6000 refractive surgical procedures.

Refractive errors in the human eye

Refractive errors are measured in diopters (D) and are
classified as axially symmetrical, astigmatic, or (most
commonly) mixed. The axialy symmetrical types of
refractive error are nearsightedness (myopia) and far-
sightedness (hyperopia). Myopia is present when the
eyeistoolonginrelationtoitsrefractive apparatus (e2).
Inthemyopic eye, parallel incident light raysarefocused
onto a point in front of the retina, and the image on the
retinaitself isblurred (figure 1, I). Hyperopia (or hyper-
metropia) is the medical term for farsightedness. This
type of refractive error arises when the eye is too short
for itsrefractive apparatus. In this case, parallel incident
light rays are focused — theoretically, that is — onto a
point behind theretina, and theimage on theretinaitsel f

Refractive errors

are classified as axially symmetrical refractive
errors (myopia, hyperopia), astigmatic refractive
errors (astigmatism), and preshyopia. Refractive
errors of these types represent lower-order
aberrations.
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of the scientific description of ocular wavefronts (2).
Two commonly occurring and long-recognized types of
higher-order aberration are coma (asymmetry error) and
spherical aberration (aperture error).

Refractive surgical techniques

Two currently established surgical methods for the cor-
rection of refractive error are refractive corneal surgery
and refractive lens surgery. Excimer laser techniques
and incisional procedures are used in refractive corneal
surgery; phakic intraocular lenses (PIOL) and refractive
lens exchange (RLE) are used in lens surgery.

Refractive corneal surgery

An excimer ("excited dimer") laser is an argon fluoride
laser operating with a wavelength of 193 nanometers.
The corneaisremodeled with laser ablation so that light

Image formation in myopia and hyperopia. In myopia, the image of a point at infinity is
projected in front of the retina (I); in hyperopia, the image of a point at infinity is projected
behind the retina (Il).

islikewise blurred (figure 1, 11). Myopia and hyperopia
are often found in combination with astigmatism,
though astigmatism can also occur aone.

The refractive apparatus of the eye essentially con-
sists of the cornea, the anterior chamber, the lens, and
the vitreous. These elements constitute two functional
groups, the corneal system and the lens system. The re-
fractive power of the corneal systemisabout 40 to 50 di-
opters, while that of the lens system is much less, about
15 to 25 diopters, as measured at accommodative rest
with the eyes focused on a point in the distance. Astig-
matism arises when one or both of the two refractive
media— the cornea and the lens — has a different curva-
ture, and therefore a different refractive power, in two
meridians. When this is the case, the uneven refraction
of alight ray that isincident upon the eye resultsin the
projection of a displaced or distorted image onto the
reting, rather than a point image. A further type of re-
fractive error is the presbyopia that occurs in normal
aging, which is caused by agradual loss of flexibility of
the lens rendering it unable to increase its refractive
power for near vision, i.e., to accommodate. Most peo-
ple lose the ability to accommodate during the fifth
decade of life.

Finally, in addition to the types of refractive error just
described (lower-order aberrations), there can aso be
aberrations of higher order, which are deviations from
the ideal wavefront that impair the quality of the retinal
image and cannot be corrected with eyeglasses or
contact lenses. The wave nature of light lies at the basis

Preshyopia
is a part of normal aging and a further type of
refractive error impairing near vision.

rays falling upon the eye join together precisely in the
spot on the retina that possesses the sharpest vision
(macula). The procedures employing excimer lasers to
correct refractive errors are of two types:

® surface treatment techniques and

® [amellar treatment techniques.

The surface treatment techniques include photo-
refractive keratectomy (PRK), laser-subepithelial ker-
atomileusis (LASEK), and epi-LASIK. In these three
types of procedure, corneal tissueis ablated with an ex-
cimer laser just below the corneal epithelium, which is
the outermost of thefivelayers of the cornea. Before ab-
lation, the corneal epithelium isremoved by a mechani-
cal or chemical method or with alaser (asin PRK), with
an alcohol solution (asin LASEK), or elseit isseparated
from the underlying tissue with a microkeratome (asin
epi-LASIK). After ablation, the corneal epithelium is
put back in place.

The combination of a lamellating stromal corneal
incision with excimer-laser ablation is known as laser
in situ keratomileusis (LASIK). In this technique,
amicrokeratome or afemtosecond laser is used to cut
aflap which is folded back to have access to stromal
tissue (figure 2). Unlike the surface treatment
techniques, laser ablation is performed in a deeper
layer of the cornea, i.e., the anterior stroma. After
ablation, the flap is put back into its original position,
where it sticks to the cornea without any further
intervention because of adhesive forces and the
pumping effect of the endothelium and then becomes
definitively fixed in place by tissue growth within
afew hours (e3).

Excimer laser techniques

can be used to correct the spherical and cylindrical
components of refractive error. Modern laser
profiles can also correct refractive errors due to
higher-order aberrations in the eye.
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Firgue 2: A LASIK procedure with a femtosecond laser and an excimer laser: a) The laser beams are focused, under computer guidance, onto a point lying at

. -
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a precisely calculated depth (femtosecond laser). b) A flap is created by the concentration of many thousands of individual laser pulses in a single plane. ¢) The flap is
lifted, and the refractive error is corrected with the argon fluoride excimer laser. d) Finally, the flap is repositioned.

The femtosecond laser is the newest technology for
creating a corneal flap. It isvery safe: therisk of acut-
ting error, as may occur with a mechanical microkera-
tome, is extremely low. The 40- and 50-kHz lasers
that were previously used have now been replaced by
60-kHz lasers, which are currently available on the
market. This technology also prevents the occurrence
of delayed hypersensitivity syndrome (DHS). Thetime
needed for visual rehabilitation is roughly the same
whether the corneal flap is created with femtosecond
laser or with a microkeratome. Despite their advan-
tages, femtosecond lasers are used in only a few cen-
tersat present.

The ablation profile of an excimer laser counteracts
the spherical and cylindrical portions of the refractive
error (box 1) (3, e4). To correct myopia, an excimer
laser is used to remove a round lenticule (piece of
tissue) from the center of the cornea. Ablation to correct
hyperopia is performed in the corneal periphery, so
that the curvature of the central portion of the cornea
isincreased and the refractive index of the corneais
made higher. Modern aspheric (i.e., deviating from
spherical shape) and wavefront-guided ablation profiles
are used to prevent the generation of higher-order
aberrations (HOA) of the eye, or to reduce HOA that
are already present (3, 4, ed—6), and thusimprovethe
patient's vision. To adjust the ablation profile more
precisely, "eyetrackers" registering the position of the
iris are used to correct for horizontal, vertical, and
rotatory eye movements. An eye tracker is a pursuit
system that ensures the removal of corneal tissue at
theintended location and prevents accidental decentering
of the ablation zone. It can compensate for ocular
saccades that occur during treatment. If the patient
should suddenly make alarge-amplitude eye movement,
the ablation procedure is interrupted.

The femtosecond laser

is a technical innovation that is used to create
a corneal flap more safely than is possible with
a mechanical keratome.
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Ablation profile of the excimer laser*1

@ based on the overall optical system
Conventional profile (calculated with the Munnerlyn formula)
Wavefront-guided
Wavefront-optimized

Topography-guided
Aspheric

@ based on corneal topography (the surface contour of the cornea)

*I modified from 3, e4

Incisions

Incisional techniques are used to correct astigmatism. A
diamond knife or femtosecond laser is used to make
multiple microscopic cuts perpendicular to the steep
meridian of the corneain order to alter the corneal sur-
facecurvaturein such away asto cancel out the patient's
astigmatism. One or two cuts are made either centrally
(astigmatic keratotomy, AK) or near the limbus (limbal
relaxation incision, LRI, figure 3), as necessary.
Incisional techniques have an intermediate degree of
reliability and are a highly cost-effective means of cor-
recting astigmatism (e10).

Incisional techniques

are used to make one or two cuts in the cornea
to correct astigmatism.

Figure 3:

Limbal relaxation
incision (LRI)

at the edge of the
cornea to correct
astigmatism
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Figure 4:

Foldable phakic
intraocular lenses
in situ:

a) angle-supported,
b) iris-fixated,

c) sitting in the
posterior chamber.

Figure 5:
Refractive lens
exchange:

a multifocal
intraocular lens with
apodized diffractive
structure of the
anterior lens
surface, in situ,

for both near and
far vision

Refractive lens surgery

An artificial lens (intraocular lens) can be implanted in-
to the eye either in addition to, or instead of, the natural
lens: phakic intraocular lenses (PIOL) are implanted
into the eye without removing the natural lens, whilethe
lensis removed when arefractive lens exchange (RLE)
is performed. These methods leave the cornea un-
touched and are particularly advantageous for patients
with high refractive errors and corneal pathol ogy.

Phakic intraocular lenses
Phakic intraocular lenses are implanted into the hu-
man eye in addition to the natural ocular lens. They
can beimplanted into either the anterior or the posteri-
or chamber. Anterior chamber lenses come in two
kinds — angle-supported and iris-fixated — depending
on the site where their position in the eye is secured
(figures 4aand 4b).

Posterior chamber lenses are implanted between the
iris and the natural lens of the eye (figure 4c). Rigid
PIOLs are made of polymethyl methacrylate (PMMA);

The implantation of phakic intraocular lenses

is a reversible procedure in which an artificial
lens is implanted into the anterior or posterior
chamber of the eye in addition to the natural lens
in order to correct very severe refractive errors.

there are also flexible ones made of acrylate and silicone
that can be implanted through an incision measuring no
more than 3 mm. Flexible PIOL are not only relatively
easy to implant, they are also nearly astigmatism-
neutral.

Refractive lens exchange

Refractivelensexchange (RLE) isthereplacement of the
patient's natural ocular lens with an artificial one. The
eye is opened at the edge of the cornea and the natural
lensis broken down and suctioned away with the aid of
an ultrasonic device, as in modern cataract surgery. A
new, artificial lensisthen inserted into the capsular bag:
it may be either monofocal (i.e., suitablefor sharp vision
either at closerange or at adistance) or multifocal. Mul-
tifocal |OL have the advantage that the patient can see
both near and far objects sharply, without having to wear
reading glassesfor near vision (figure 5).

Indications

The Commission for Refractive Surgery (Kommission
Refraktive Chirurgie, KRC), a joint committee of the
German Ophthalmological Society (Deutsche Ophthal-
mologische Gesellschaft, DOG) and the Professional
Association of Ophthalmologists in Germany (Berufs-
verband der Augenérzte Deutschlands, BVA) hasissued
generally applicable indication criteria for refractive
surgical procedures with the aim of preventing severe
complications (www.augeninfo.de/krc; box 2, figures 6
and 7; [6]). The "range of applicability" (or "indicated
range") istherange of preoperatively measured parame-
ters within which the technique in question is consid-
ered to be suitable and has only rare adverse effects. In
the area of "borderline applicability," the technique in
question can still be used, though perhaps to less good
effect and with more common adverse effects. In

Refractive lens exchange

is performed to correct presbyopia, high myopia,
and hyperopia. The intraocular lens is implanted
into the capsular sac of the eye after the natural
lens is removed.
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general, all refractive surgical techniques are held to be
contraindicated for patients under age 18, or when a
refractive error (other than presbyopia) is currently
progressing in severity.

The excimer-laser techniques (LASEK, PRK,
LASIK, epi-LASIK) are used for the correction of myo-
pia up to -8 dpt (LASIK for myopia up to —10 dpt),
hyperopia up to +4 dpt, and astigmatism up to 5 dpt.

These techniques are contraindicated in the presence
of asymptomatic cataract, glaucomawith marked visual
field damage, or exudative macular degeneration.

A preoperative cornea thickness of less than
500 micronsis a further contraindication for the lamel-
lar surgical procedures. In such cases, superficial proce-
dures are preferred for the correction of refractive
errors. Astigmatic keratotomy (AK) is used only in
cases of very severe astigmatism (>3 dpt), while limbal
relaxation incisions (LRI) are used to treat astigmatism
of lessthan 2.5 dpt or an astigmatism that has devel oped
in the aftermath of refractive (e.g., excimer) or cataract
surgery (figure 7).

A PIOL can be implanted as long as the anterior
chamber isat least 3.0 mm deep and the endothelial cell
count is at least 2000 cells per square millimeter. If
astigmatism (< 2 dpt) is present, this can aso be treated
at thetime of PIOL implantation by suitably incising the
steep meridian. When astigmatism of 2 dpt or more is
present, a toric PIOL can be implanted to correct both
the refractive error and the astigmatism. Now that more
experience has been gained with the implantation of in-
traocular lenses, PIOL are beginning to be used for the
correction of intermediately severe refractive errors
(i.e., myopia of about -5 dpt or more) as an aternative
to refractive corneal surgery.

Refractive lens exchange (RLE) is performed mainly
in patients over 50 years of age with advanced presby-
opia, and for the correction of marked myopiaor hyper-
opia. Astigmatism, if present, can be corrected at the
timeof RLE (just asin PIOL) either by suitably incising
the steep meridian or by the insertion of atoric implant.

Results

Refractive corneal surgery

Refractive surgery with excimer lasers has now been
performed in man for more than 20 years. With modern
lasers, the reliability of LASIK and superficial treat-
ments within the indicated range is £0.5 dpt in 85% of
cases and £1.0dpt in 99%. The correction of larger
refractiveerrorsislessreliablethan that of smaller ones,

Contraindications for excimer
laser techniques

e Symptomatic cataract

® Glaucoma

o Exudative macular degeneration
® Preoperative corneal pathology
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because of the greater degree of wound healing that
takes place afterwards. Thisistrue for both myopiaand
hyperopia, and especially for astigmatism.

The incisional techniques are among the older meth-
odsin refractive surgery. Astigmatic keratotomy is par-
ticularly suitable for the correction of high astigmatism
after corneal transplantation; in this setting, however,
just asinthe primary correction of primary astigmatism,
it is relatively imprecise in comparison to the other
available techniques (excimer surgery, toric intraocular
lenses). Its reliability can be increased with the use of
the new femtosecond lasers. Limbal relaxationincisions
are very effective at reducing astigmatism of up to
2.5 dpt, with a much better reliability than astigmatic
keratotomy.

Refractive lens surgery

Phakic intraocul ar lenses have proven to be an effective,
safe, reliable, and stable means of correcting higher re-
fractive errors, especially myopia. Thereliability of this
procedure within the indicated rangeis+0.5 dpt in more
than 70% of cases and 1.0 dpt in more than 90%. This
procedure is often used to treat myopia of more than
15 dpt and its reliability here is not as good, both be-
cause of the difficulty of preoperative diagnosis and for
other reasons. Nonetheless, even in such cases, the pa-
tient's vision generally improves, because there is no
longer a need to wear high-myopic eyeglasses that re-
ducethe size of the visual image.

The exchange of anormal human lensfor an artificial
lensis also an effective, safe, reliable, and stable means
of correcting higher ametropias, and it can be used to
treat presbyopiain addition if amultifocal artificial lens

Refractive lens surgery

Phakic intraocular lenses have proven to be

an effective, safe, reliable, and stable method of
correcting high refractive errors, especially myopia.
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Indications for
refractive surgical
techniques depend-
ing on the axially
symmetrical refrac-
tive error (dark
shading = ideal
indication, lighter
shading = possible
indication);

RLE, refractive lens
exchange,

10L, intraocular
lens, PRK, photore-
fractive keratotomy;
modified from (6).
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Indications for
refractive surgical
techniques depend-
ing on the severity
of astigmatism;

LRI, limbal relax-
ation incision,

AK, astigmatic
keratotomy,

10L, intraocular
lens, PRK, photore-
fractive keratotomy;
modified from (6).

AK
Toric I0L
PRK, LASEK,|
epi-LASIK
usm‘

| 1 I 1
0 1 2 3 4 5 6 7 8

Astigmatism (dpt)

Indications for refractive surgical
techniques*1

Superficial procedures (PRK, LASEK, epi-LASIK)
Range of applicability

® \lyopia up to —6 dpt

® Astigmatism up to 5 dpt
Borderline applicability

@ Myopia up to —8 dpt

® Astigmatism up to 6 dpt

@ Hyperopia up to +4 dpt

LASIK
Range of applicability
@ Myopia up to —8dpt
® Astigmatism up to 5 dpt
@® Hyperopia up to +3 dpt
Borderline applicability
@ \Myopia up to —10 dpt
® Astigmatism up to 6 dpt
@ Hyperopia up to +4 dpt

Phakic IOL
Range of applicability

® \yopia of —8 dpt or more

@ Hyperopia of +4 dpt or more
Borderline applicability

@ Myopia of -5 dpt or more

@ Hyperopia of +3 dpt or more

*1according to the guidelines of the German Commission for Refractive
Surgery (Kommission Refraktive Chirurgie, KRC) (6).

Further corrections

After 5% to 10% of procedures for refractive
correction, there remains a residual refractive
error that can be corrected with a further
intervention.

is used. Its reliability within the indicated range is
+0.5 dpt in more than 80% of cases.

Further corrections

In 5% to 10% of eyes that are operated upon, some de-
gree of refractive error remains after refractive surgery,
and this can be treated with another procedure. Because
theseresidual refractive errors are small, they are usual-
ly treated with excimer surgery.

Complications

Although modern refractive surgery is remarkably suc-
cessful, every refractive surgical procedurestill carriesa
risk of complications. These can be held to a minimum
by adherence to proper indication criteria and by the
maintenance of high technical standards, including
strictly sterile operative technique, in every procedure.
Increasing experience of the operating surgeon also
helps to prevent complications. Their overall frequency
islessthan 0.5%.

Refractive corneal surgery
The potential adverse effects of the surface treatments
(PRK, LASEK, epi-LASEK) include superficial corneal
scarring ("haze") in addition to longer-lasting refractive
fluctuations and more difficult secondary proceduresin
comparison to LASIK (7). These complications have
become very rare with the introduction of newer tech-
niques; their frequency is now 0.5%.
A transiently dry eye is the most common complica-
tion after LASIK, arising after 15% to 20% of all treat-
ments. Its cause is the transection of corneal nerves by
the flap incision, which results in diminished secretion
of thetear film and thus produces aneuroparalytic kera-
toconjunctivitis sicca (8, €7). In nearly 100% of cases,
the eye becomes as moist asit was before surgery within
six months after the procedure. Aside from dry eye, there
have been very rare cases — about 0.05% — of kera
tectasia (protrusion of the cornea [9, 10]) or infection
[8, 11]).
Keratectasia hardly ever occurs any more as a com-
plication, for the following reasons:
e strict adherence to indication criteria,
® technical improvementsin theincision apparatus,
® and increasing experience in the assessment and
interpretation of the preoperative surface data (cor-
neal topography) and higher-order corneal aberra-
tions (aberrometry) (12).

The development of irregular astigmatism after

Complications

A temporarily dry eye is a common complication
of LASIK, with a frequency of 15% to 20%.
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astigmatic keratotomy can nearly always be prevented
by the use of a new technology, the femtosecond |aser.
Invery rare cases (<0.05%), epithelial ingrowth into the
incision may occur.

Lens surgery

A recognized complication of phakic anterior chamber
lensesisthe loss of corneal endothelial cells because of
thedirect or indirect contact of theartificial lenswith the
corneal endothelium (innermost layer of the cornea). In
practice, however, this complication arises only very
rarely, aslong astheindication criteriafor phakic intra-
ocular lensimplantation are strictly respected, intraocu-
lar lenses of modern, improved design are used, and the
patient is regularly followed up after surgery.

When an artificia lensisimplanted into the posterior
chamber, transient or permanent contact of the artificial
lens with the natural lens of the eye in addition to the
diminished supply of nutrients to the natural lens can
lead to the development of an anterior subcapsular cata-
ract in about 5% to 10% of patientsin thefirst fiveyears
after the procedure (13).

Refractive lens exchange (RLE) may befollowed, in
the first few weeks after the procedure, by cystoid mac-
ular edema (swelling of the retina at the site of sharpest
vision), causing aloss of visual acuity. Therisk of reti-
nal detachment after an RLE procedure is greatest when
it is performed to correct high myopia; thus, RLE is
recommended in highly myopic eyesonly after vitreous
detachment, which reduces the risk of retinal detach-
ment. A few months or years after an RLE procedure, a
regenerative or fibrotic "secondary cataract" (opacifica
tion behind the new artificial lens) may develop. This
can be treated with YAG-laser capsulotomy without the
need for surgically reopening the eye. Another recog-
nized complication of RLE isworsened twilight vision,
with halo perception and glare, after the implantation of
multifocal intraocular lenses. Fortunately, the newly
developed types of aspheric bifocal and multifocal
lenses optimize image quality particularly well in poor-
ly lit sSituations, e.g., automobiledriving in twilight or in
the dark, because they compensate for the spherical
aberration of the cornea (14).

Overview

Refractive errors can be corrected safely, effectively,
reliably, and with only rare complications by the me-
thods of refractive surgery (1520, e8—€9). The optimal
type of treatment ischosen individually for each patient

Complications of lens surgery

A cataract may develop within 5 years
in about 5% of cases.
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after an extensive presurgical work-up. Above all,
LASIK with a femtosecond laser is currently the most
advanced technique and is used in combination with
modern aspheric and wavefront-guided ablation pro-
files to correct mild or moderately severe refractive
errors (21). If the preoperative corneal thicknessisless
than 500 microns, superficia techniques (PRK, LASEK,
or epi-LASIK) are preferred for the correction of re-
fractive errors. With modern lasers, the reliability of
LASIK and these superficial techniques when used
within the indicated range is 0.5 dpt in 85% of cases
and +1.0 dpt in 99%. When LASIK is contraindicated,
and if the eyeis still able to accommodate, moderately
severe ametropias of -5 dpt or more can be alternative-
ly treated with phakic intraocular lenses. This form of
treatment has been found to yield a long-lasting good
refractiveresult in studieswith up to 10 yearsof follow-
up (22—-24); itsreliability within the indicated range is
+0.5 dptin over 70% of casesand +1.0 dpt in over 90%.
For eyes that are no longer able to accommodate, re-
fractive lens exchange with a newly developed type of
multifocal lens is a promising method of treating both
ametropias and presbyopia. Mild residual refractive er-
rorsthat persist after alens procedure can be corrected
with excimer surgery.
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Please answer the following questions to participate in our certified Continuing Medical Education
program. Only one answer is possible per question. Please select the answer that is most appropriate.

Question 1

Which refractive errors of the human eye are classified
as lower-order aberrations?

a) Axially symmetric myopia and astigmatism

b) Axially symmetric types, astigmatic types, and presbyopia
¢) Myopia and hyperopia

d) Presbyopia and astigmatism

e) Spherical aberrations and astigmatic refractive errors

Question 2

The refractive apparatus of the eye consists of which of
the following?

a) The iris, cornea, retina, and vitreous body

b) The cornea, anterior chamber, lens, and vitreous body

c¢) The ciliary muscle, cornea, iris, and posterior chamber
d) The chamber angle, iris, vitreous body, and retina

e) The retina, fundus of the eye, vitreous body, and cornea

Question 3

In excimer laser surgery for the correction of refractive

errors, what is the difference between superficial

techniques (PRK, epi-LASIK, LASEK) and LASIK?

a) The superficial techniques, unlike LASIK, are used in
deeper layers of the cornea after the surface is removed
as a flap.

b) The excimer laser techniques differ from one another in
the type of excimer laser that is used.

c) Inthe superficial techniques, corneal tissue is removed at
a more superficial level, immediately under the corneal
epithelium.

d) The superficial techniques, unlike LASIK, are used
exclusively to correct hyperopia.

e) LASIK, in contrast to the superficial techniques, is also
used if the preoperative thickness of the cornea is less
than 500 microns.

Question 4

Five patients with the following measured values (a—€)

present for LASIK surgery. For which patient is LASIK

contraindicated?

a) Preoperative corneal thickness >500 microns,
astigmatism 2.0 dpt, myopia —4 dpt.

b) Preoperative corneal thickness >500 microns,
astigmatism 3.0 dpt, hyperopia +2 dpt.

c¢) Preoperative corneal thickness >500 microns,
myopia —8 dpt, astigmatism 0 dpt.

d) Preoperative corneal thickness <500 microns,
myopia -5 dpt, astigmatism 1.0 dpt.

e) Preoperative corneal thickness >500 microns,
myopia 0.0 dpt, astigmatism 4.0 dpt.
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Question 5

What is the most common complication of LASIK about
which the patient must be informed before the procedure?
a) Corneal erosion

b) Posterior synechia

c) Keratectasia

d) Photoelectric keratitis

e) Dryeye

Question 6

Where in the eye can phakic intraocular lenses be
implanted?

a) Cornea, vitreous body, iris

b) Cornea, iris, posterior chamber

¢) Chamber angle, iris, posterior chamber

d) Chamber angle, iris, vitreous body

e) Anterior chamber, vitreous body, posterior chamber

=22

Question 7
A patient with myopia of —10 diopters and presbyopia of
3 diopters would like to have a phakic intraocular lens
implanted. What are the minimal anatomical and
histological prerequisites for this to be done?
a) Anterior chamber depth >2.0mm,
more than 1000 endothelial cells/mm2.
b) Anterior chamber depth >3.0mm,
more than 2000 endothelial cells/mm2.
¢) Anterior chamber depth >4.0mm,
more than 3000 endothelial cells/mm2.
d) Anterior chamber depth >5.0mm,
more than 5000 endothelial cells/mm2.
e) Anterior chamber depth >6.0mm,
more than 7000 endothelial cells/mm2.

Question 8

Your patient has read that multifocal intraocular lenses

are better than monofocal intraocular ones and would

like to know why. What do you say in response?

a) Multifocal intraocular lenses have a smaller diameter and
can be implanted more easily than monofocal intraocular
lenses.

b) Fewer preoperative tests are needed before a multifocal
intraocular lens can be implanted.

c) When a multifocal intraocular lens is implanted,
the patient can see sharply both near and far, without
having to wear reading spectacles in addition.

d) Monofocal intraocular lenses can remain in the eye longer
than multifocal ones, which must be exchanged every
five years.

e) Multifocal intraocular lenses can also be implanted in
older patients (from age 50 onward), but monofocal
intraocular lenses cannot.
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Question 9

Which of the following is a correct statement about the

difference between the use of phakic intraocular lens

implantation and that of refractive lens exchange?

a) Phakic intraocular lenses are implanted in addition to the
natural lens of the eye, while in refractive lens exchange
the natural lens is replaced with an artificial one.

b) Phakic lenses are implanted to correct low myopia or
hyperopia, while refractive lens exchange is performed to
correct high myopia or hyperopia.

c¢) Phakic intraocular lens implantation and refractive lens
exchange differ in the severity of the refractive error that
is to be corrected.

d) These two techniques differ in the material that the
artificial intraocular lens is made of.

e) The difference has to do with the correction of astigmatism:

phakic intraocular lenses can be used to correct
astigmatism, while refractive lens exchange cannot.

Question 10

A patient with an astigmatism of 6.5 diopters would like

to have her refractive error corrected. Which of the

following techniques would be appropriate for her?

a) No refractive methods are available to correct her
astigmatism.

b) With this magnitude of astigmatism (6.5 dpt), astigmatic
keratotomy and the implantation of toric intraocular
lenses are the methods of choice.

c) To correct this degree of astigmatism, a refractive lens
exchange must be performed and the patient must then
wear glasses for far vision.

d) This degree of astigmatism can be corrected with

eyeglasses, contact lenses, or a limbal relaxation incision.

e) This degree of astigmatism can be corrected with
photorefractive keratotomy and LASEK.
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