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— Roberto Pinelli

To

My beloved ones

— Antonio Leccisotti



I discovered many years ago that to truly understand a subject and to be able to distinguish between
fact and conjecture, one has to read as many opinions on the subject as are available. What comes out
as the distilled product is the knowledge that we all seek.

Dr Roberto Pinelli and Dr Antonio Leccisotti have assembled outstanding experts who have
made recent major advances in the management and treatment of keratoconus. This is a disease that
apparently affects only the cornea, yet is associated with so many other conditions. It is clear that
keratoconus has a genetic basis and that a cure is not possible within current medical knowledge.

Corneal transplants have been very successful in the minority of cases requiring it, as many eyes
with keratoconus stabilize at a stage where functional vision can be maintained with spectacles, and
possibly with insert or contact lenses, although it is recognized that contact lenses can exacerbate
progression or cause scarring. We need to find ways to predict the progression of keratoconus in
the individual patient and to treat these before there is significant visual loss. So now there is the
hope that keratoconus might be stabilized—even modestly regressed—with collagen cross-linking.
Time will tell, but we have gone from guarded optimism to unbridled enthusiasm that collagen
cross-linking may prove to be very effective in the management of ectasia, thanks to the pioneering
work from Dresden!

Stephen D Klyce PhD

Department of Ophthalmology
Mt Sinai School of Medicine

New York, USA

Foreword
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Many aspects contribute to the fact that keratoconus is an ideal link between refractive and corneal
surgery. The expansion of the options for the visual rehabilitation in keratoconus has partly originated
from the progress of diagnostic and therapeutical techniques in refractive surgery. Intrastromal
rings and phakic IOLs, to mention a few, were conceived to correct myopia but have found a natural
and successful application in keratoconic eyes. But some of the new techniques discussed in this
book were expressly ideated to strengthen (collagen cross-linking) or to replace (lamellar keratoplasty)
a weakened corneal stroma. The subject of the surgery of keratoconus has therefore become so wide
that no single surgeon can exhaustively cover all its aspects.

With this in mind, we wanted to gather the experience of some of the most valuable keratoconus
surgeons in the world in a comprehensive book. Some of the contributors are old friends who did
not let us down in this daunting task, some are new friends who honoured us by believing in our
project. Everyone is an outstanding surgeon and, above all, a brilliant medical writer, this latter
quality being nowadays much rarer than the former. Thanks to such collaborations, the final result
has reached the excellence we had in mind when the book was first planned.

We would like to thank the entire team of Istituto Laser Microchirurgia Oculare, Brescia—Italy
and the Assistants of Dr Leccisotti for their blessings and motivation.

Roberto Pinelli
Antonio Leccisotti

Preface
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Introduction
Keratoconus, pellucid marginal degeneration, and iatrogenic ectasia all exhibit an irregular form of
corneal ‘bulging’ secondary to progressive stromal thinning. These appear to be unrelated to any
obvious inflammatory changes. The reported incidence of keratoconus among refractive surgical
candidates when refractive surgery was first introduced was as high as 8 to 12 percent.1 This number
has dropped to closer to one percent as refractive practices have become more established.2

Importantly, these percentages remain more than 10 times higher than the incidence of keratoconus
in the general population (1.3-50 per 100,000 depending on ethnicity).3,4 Most of these patients with
asymmetrical corneas experience poor vision quality with spectacle correction or are experiencing a
growing intolerance to ill-fitting contact lenses. For those reasons, patients with mild keratoconus
tend to seek out other modalities for correction, and excimer laser treatments are novel and attractive
alternatives. Thus, it is particularly important for all refractive surgical candidates to undergo careful
screening which specifically includes bilateral corneal topography examinations.

As LASIK approaches 1.4 million procedures annually in the United States alone, it has become
imperative that the modern day refractive surgeon possess an increasingly expert skill set for the
detection of preoperative pathology such as keratoconus and pellucid marginal degeneration as
well as the development of post-surgical corneal ectatic changes. Corneal topographers have been
the standard of care for preoperative screening of refractive surgical candidates since the early
1990’s.5 In this chapter we will explore the basics of topographic pattern recognition essential to the
detection of preoperative keratoconus as well as some of the advancing technologies that may
complement our current knowledge base.

The mainstay for early detection, diagnosis and tracking of ectasia remains videokeratography,
specifically the corneal topographic mapping of axial dioptric power with the color-coded contour
map developed in the late 1980’s.6 Utilizing Placido-based maps provides the most sensitive and
reproducible method for the detection of early ectasia. The amount of information displayed in
these maps is determined in part by the topographic scale. However, without the use of a standardized
or absolute scale,7,8 certain irrelevant distortions can appear misleading or overemphasized
(Figure 1-1).

Although modern corneal mapping systems can display upwards of 22,000 data points on a
single topographic map, a 1.5 D scale has sufficient resolution to detect all of the topographic
characteristics necessary for diagnosing a variety of topographic abnormalities including: contact
lens warpage, early and late keratoconus, penetrating keratoplasty, extracapsular cataract extraction,
photorefractive keratotectomy, radial keratotomy, and epikeratophakia.9

Conversely, an ad hoc scale can cause the clinician to overlook early signs of irregular astigmatism
or fail to detect progression of ectasia when following a keratoconus suspect. Such scales such as the
normalized scale are self-adapting to the power range present in individual topography examinations.
This technique can obscure important detail on highly irregular corneas and over emphasize
topographic features irrelevant to diagnosis (see Figure 1-1).

The hallmark of corneal ectasia remains an irregular astigmatism which can take several forms.
The result is several patterns of irregular astigmatism with which the eye care professional must
become familiar. Ectasia from keratoconus and ectasia following refractive surgery can be remarkably
similar (Figure 1-2). Keratoconus is most often associated with an inferior localized steepening as
shown in Figure 1-2, although the cone can be present centrally or even superiorly.10 However,
keratoconus can also present as a central symmetric, but lopsided or ‘lazy eight’ bow tie
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FIGURE 1-1: A fixed standard scale is essential for proper corneal topography interpretation. A single topography exam
from a normal cornea is shown with two scales. The preferred 1.5 D interval scale used on the left panel leaves the
correct impression that this cornea is regular with normal peripheral flattening. The right panel casts the same exam
with a 0.5 D interval scale. The features that appear at this resolution are not of clinical significance, yet may give the
incorrect clinical impression of irregular astigmatism.

FIGURE 1-2: The topographic appearance of keratoconus (left panel) and iatrogenic ectasia (right panel) can be very
similar.

(Figure 1-3) characterized by the skewed radial axes in the corneal topography recognized by
Rabinowitz and Rasheed,11 or as an asymmetric bow tie with or without skewing. A final characteristic
of keratoconus topography is that its progression is usually uneven between the two eyes of a
patient, and a small number of patients will appear to have unilateral keratoconus.12 However,
recognizing that keratoconus is a genetic disease, whose expression is variable between eyes, it is
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FIGURE 1-3: Keratoconus may present as a lazy eight bow tie. Note the skewing of the radial axes.

clear that if one eye of a patient exhibits keratoconus, the other eye will have the defect as well and
be of similar risk for ectasia should it be treated with refractive surgery.

Another more rare form of naturally occurring progressive corneal ectasia and equally a risk
factor for refractive surgical candidates is pellucid marginal degeneration.13 Pellucid marginal
degeneration involves an arcuate peri-limbal thinning which differentiates it from keratoconus in its
more advanced stages. However, before stromal thinning can be measured, topographic signs emerge
as the only detectable measure of a potential underlying pathology. The topographical pattern of
pellucid marginal degeneration is typically a ‘claw’, or ‘C’ shape as seen in Figure 1-4. Note, however,
if these topographic patterns occur without pachymetry, then the interpretation must be topographic

pellucid marginal degeneration. This is because keratoconus can also exhibit the pellucid topographic
pattern in some cases.

Other topographic signs of suspect keratoconus in addition to inferior steepening have been
proposed. Levy, et al demonstrated that a ‘J’ pattern and an ‘Inverted J’ pattern in corneal topography

FIGURE 1-4: Pellucid marginal degeneration has a
characteristic ‘C’ shape or claw shape on topography.
Note the against the rule astigmatism frequently
exhibited and the tear drop inferior depression.
However, diagnosis of this cornea was only confirmed
by slit lamp examination showing a peri-limbal inferior
arcuate band of thinning, unique to this disorder.
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were over represented in relatives of patients with clearly established Familial Keratoconus. These
minimal images of the classic asymmetric bow tie with inferior steepening were not seen with statistical
significance in their study’s control population.14 Other workers claim that the presence of a ‘vertical
D’ pattern in corneal topography was a sign of keratoconus15 and a risk factor for refractive surgery.
Detected retrospectively in two patients who developed ectasia after LASIK, such abnormalities in
preoperative corneal topography serve as a warning sign and potential exclusion criteria for refractive
surgical candidates.

Differentiating these irregular patterns from dry eye, contact lens warpage or simply normal
variants of regular astigmatism remains one of the more difficult and critical diagnostic dilemmas
facing today’s eye care professional. To better elucidate early ectatic or forme fruste corneal changes
from more stable states, Maeda, et al demonstrated the benefits of incorporating an expert system
that classified corneal maps based on discriminant analysis and a classification tree that considers
eight different topographic indexes.16 This method was shown to be more sensitive and specific to
keratoconus detection than looking for elevated average Simulated Keratometry (Sim K) readings
or previously utilized methods that relied on central corneal (K) power and Infero-Superior
asymmetry (I-S) values.

Today this statistical approach has been extended through the use of neural networks to detect
and interpret map patterns.17 The Magellan Mapper from Nidek (Gamagori, Japan) features software
that includes a neural network application capable of predicting various corneal diseases and possible
post-surgical outcomes. This application of artificial intelligence utilizes a previously trained set of
logic rules ‘learned’ from sets of abnormal and normal patient topographies. Unique to this system
is the ability to differentiate between astigmatism, keratoconus suspects, true keratoconus, and
pellucid marginal degeneration.18 Furthermore, the Magellan is able to assign a percentage of
probability, or grade, to these disease states. Figure 1-5 illustrates a typical Magellan printout with
a traditional axial map, a grouping of indices, and an easy to interpret bar graph that includes a
percentage of each classification’s probability. Other categories of potential classification by the
neural network include: previous penetrating keratoplasty (PKP), myopic refractive surgery (MRS),
hyperopic refractive surgery (HRS) and ‘other’ (OTH). This last designation is significant because
the system has the ability to recognize and differentiate irregular patterns produced by early or
forme fruste keratoconus suspect (KCS) from those asymmetries seen with dry eye or contact lens
warpage.

However, it is important to note that like other clinical tests corneal topographer interpreters
may not be 100% accurate. In some cases, contact lens warpage can produce inferior steepening that
mimics keratoconus so closely that a false report of keratoconus can be given. The particulars related
to contact lens wear should always be noted in the chart for patients being screened for refractive
surgery. If there is inferior steepening, contact lens wear should be discontinued and a repeat
topography taken after 2-3 weeks have passed to differentiate keratoconus and contact lens warpage.
With keratoconus, the inferior steepening will tend to become more pronounced as contact lenses
tend to press on the cone. If the inferior is due to contact lens warpage, the asymmetry should
diminish.

Modern topographers can aid in the screening for early ectatic diseases and detect subtle
irregularities such as those produced from over wear of contact lenses. For those patients going on
to wavefront-guided excimer laser ablations, these findings may allow the surgeon to collect a
more accurate portrait of patient wavefront information and thus produce better postoperative
results.
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FIGURE 1-5: Screen shot of the NIDEK Corneal Navigator automatically interpreting keratoconus (KC) with a 94.5%
likelihood that the topography matches keratoconus. The severity (Keratoconus Severity Index, KSI) is given as 6.6%.

The above discussion centers on the use of the axial power map for displaying corneal topography.
It is noted that there are three other common topography displays on most corneal topographers.
These include the tangential or instantaneous power map, the refractive power map, and a height or
elevation map. The former two are in units of diopters while the latter is in units of mm or microns.
The elevation maps are presented as the difference between a best fit sphere and the measured
shape of a corneal surface. There are also scanning slit-based instruments (see below) that measure
the position of the two corneal surfaces to yield pachymetry maps which are an important adjunct to
corneal topography in the screening of patients for refractive surgery as well as differentiating
keratoconus from pellucid marginal degeneration by the pattern of thinning.

Tangential power maps can be useful to show details of refractive surgery, in particular the
characteristics of the transition zone after the correction of myopia. Abrupt transition between the
optical zone and the peripheral corneal can produce symptoms of haloes and monocular polyopia.
Refractive power maps present the true refractive power of the corneal surface, but are not generally
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useful for clinical diagnosis. In fact, refractive power maps can obscure mild inferior keratoconus or
pellucid marginal degeneration, since with the refractive power display, the algorithms used to
calculate refractive power display a steepened peripheral cornea. The steep periphery in the refractive
power map can mask the peripheral steepening characteristic of mild keratoconus.

Slit Scanning and Scheimpflug Imaging
By providing anterior and posterior corneal surface information, along with whole corneal
pachymetry, the Orbscan (Bausch & Lomb, Rochester, NY), the Pentacam (Oculus, Inc., Lynnwood,
Washington), and the Galilei™ Dual Scheimpflug Analyzer (Ziemer Ophthalmic Systems AG, Port,
Switzerland) imaging systems can further aid in the detection and progression of corneal ectasia.

The Orbscan uses two scanning slit lamps to project a series of 40 slit beams on the anterior
cornea, posterior cornea, anterior iris and anterior lens. This system is combined with a calibrated
video and Placido disk imaging. Figure 1-6 shows a typical Orbscan quad map. This provides elevation
displays created as the difference between corneal surface elevation and the best fit sphere (the so-
called anterior and posterior “float” displays). The Orbscan also displays the more clinically useful

FIGURE 1-6: Keratoconus examination with the Orbscan II. Anterior (top left) and posterior (top right) floats provide the
difference in elevation between the corneal surfaces and best fit spheres. Axial topography (bottom left) and pachymetry
(bottom right) are shown. The thinnest point on this cornea is 597 microns illustrating the fact that keratoconus is not
always associated with an abnormally thin cornea.
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traditional Placido disk keratometric topography and full corneal thickness measurements over a
broad area of the cornea.

When screening refractive surgery candidates, several ‘red flags’ or indices have been associated
with possible signs of early ectasia.19 With the Orbscan, these include: pachymetry readings with a
thinnest point less than a certain threshold (470 - 500 microns), a minimum peripheral corneal thickness
that is not at least 20 microns greater than the central cornea, posterior float greater than 50 microns,20

high irregularity indices at the 3 mm and 5 mm zones, and the overall correlation of the highest/
thinnest point coinciding on the anterior, posterior and pachymetry maps. Additional risk factors
have been identified by Randleman and colleagues.13 The strongest correlate was found to be abnormal
topography, but other risk factors included high myopia, reduced preoperative corneal thickness,
reduced residual stromal bed after refractive surgery, and age. Note that these indications are
regarded as warning signs that have been correlated with keratoconus; the signs of keratoconus
seen in the axial power map from the Placido topography remains the most sensitive and reliable
clue to the presence of keratoconus. There are many reports of large series of refractive surgical
patients who have had one or more of these warning signs (but with normal topography) and who
have not developed iatrogenic ectasia. Again, apart from axial topography, none of these warning
signs provide a strong indicator of forme fruste keratoconus by themselves. In addition, topographic
irregularities at both the 3 mm and 5 mm zones may simply point to the presence of increased higher
order aberrations without specific pathology. Further, the repeatability of peripheral slit-based
pachymetry measurements is somewhat controversial compared to the more consistent central corneal
thickness values.21

Note also, that corneas with scarring or moderate dry eye will frequently produce inaccurate
pachymetry maps as the scarred or dry surface may be interpreted as the posterior corneal surface.

With the Pentacam, by orienting the camera lens and lens plane at intersecting angles, the
Scheimpflug camera is able to record the corneal surfaces directly. Direct central recording is
unavailable with the traditional Placido devices which places the viewing lens in the center of the
Placido mires. Similar to the Orbscan, Pentacam slit images are gathered that image both surfaces of
the cornea as well as the surface of the crystalline lens. Although slit-based corneal front surface
data is not as high in resolution as Placido imagery, in cases of advanced ectasia, Placido mires
become obscured while the slit images can be used to present topography (Figure 1-7). This is a
major advantage of slit-based topography.

For screening purposes, it is claimed that Pentacam anterior elevation values between +12 to +15
microns (above a reference sphere) are suspicious for ectasia and should prompt further investigation,
whereas, a central deviation of the cornea’s anterior elevation of more than +15 microns is indicative
of keratoconus.22 However, these guidelines have not received rigorous experimental proof.

The Ziemer Galilei is a dual Scheimpflug instrument that, like the Orbscan, has also a Placido
function. This instrument combines slit and Placido data in displaying corneal topography.

Wavefront Sensing
It is becoming more apparent that wavefront data can further enhance our topographic diagnostic
abilities. Maeda, et al showed that wavefront aberrometers may provide additional clues for the
detection of early corneal ectasia.23 The authors compared the total eye wavefront aberrations in
normals to those in keratoconic eyes. An increase in the total higher order aberrations was noted in
keratoconus and attributed to the corneal shape. Coma-like aberrations were dominant and increased
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FIGURES 1-7A AND B: Comparison of the Humphrey map (A) with the Pentacam map (B) in the same eye of a
keratoconus patient. With very steep corneas, the slit-based topography is able to track the surface, while Placido
mires can merge with the loss of data. The data is compared with the same scales using VolPro software (Sarver and
Associates, Carbondale, IL) (Topography exams courtesy of Renato Ambrósio, MD, PhD).

in the keratoconus eyes. Moreover, subsets of corneal ectasia have been shown to produce unique
wavefront profiles. Pepose and Applegate demonstrated that patients with pellucid marginal
degeneration could be differentiated from keratoconus based on wavefront data.24 The
patients with pellucid marginal degeneration were noted to possess higher amounts of peripheral
aberrations (especially trefoil), whereas the keratoconus patients tended to show higher degrees of
coma as in the Maeda study. An example of wavefront analysis of a keratoconus cornea is shown in
Figure 1-8.

Corneal Hysteresis
To date, the bulk of our biomechanical corneal knowledge arises from the measurement of its
geometrical aspects such as topography and pachymetry. When attempting to diagnose and treat a
poorly understood corneal progressive thinning disease like keratoconus, any information regarding
the biomechanical properties of the cornea would be welcome. The Reichert Ocular Response Analyzer
(ORA; Reichert, Buffalo, NY) provides measurement of Corneal Hysteresis (CH) and the Corneal
Resistance Factor (CRF) which are the result of viscous damping in the corneal tissue. The ORA
utilizes a rapid pulse of air, and an advanced electro-optical system to record the displacement or
deflection of the corneal surface before, during, and after the perturbation. The signal obtained
during this process is shown in Figure 1-9. The response measured by the ORA is a complex
combination of corneal and possibly other ocular biomechanical properties.

Importantly, the ORA provides a repeatable, Goldmann tonometer-correlated intraocular pressure
(IOP) measurement. The additional parameters of Corneal Hysteresis and the Corneal Resistance
Factor are being studied to determine whether they can be utilized for the detection of keratoconus.
Early studies suggest a relationship between CH and the presence of keratoconus, although there is
a great deal of overlap between normal corneas and those with keratoconus.25-27 It is hoped that CH
and CRF might be useful as diagnostic tools for determining who might be at risk for developing
post-refractive ectasia.

A B
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FIGURE 1-8: Wavefront analysis of keratoconus corneal topography using the Nidek Magellan topographer. With this
cornea, there is a significant amount of spherical aberration, coma (usually a dominant aberration in keratoconus), and
higher order aberrations. The residuals map shows the corneal wavefront that is not fit by the 6th order Zernike series.

FIGURE 1-9: Optimal ORA response from a normal
cornea (Courtesy of Reichert).



11

Detecting Corneal Ectasia

It should be noted that interpretation of CH and CRF is confounded by the fact that the entire
globe and lamina cribosa are involved in the response to an air pulse delivered to the corneal
surface. Hence, the characteristics of the response may not reflect only corneal biomechanics, but
include those of other ocular components as well. Further, to date, no study has produced evidence
that the early changes in the cornea associated with the forme fruste or mild stages of keratoconus can
be detected with this approach.

In conjunction with CH and CRF, the other signal waveform characteristics may also yield clues
to the presence of altered biomechanics as occurs in keratoconus. Signal analysis of a normal eye
shows great symmetry and height between peak 1 and peak 2 and a smoother, less erratic waveform
(Figure 1-9). The signal waveform peaks of a keratoconic eye appears altered and CH and CRF can
be lower than normal (Figure 1-10). Current research is focusing on further analysis of the waveform
characteristics to see if additional biomechanical properties can be gleaned, particularly from the
earliest onset of pathology. Success may yield another test that can be used to assess risk factors
associated with refractive surgery.

FIGURES 1-10A AND B: Magellan corneal topography (A) of a keratoconus patient and the scan from the ORA (B).
Note the reduction in amplitude of the second peak, and additional ‘noise’ on the raw signal.

Conclusion
In order to detect early ectatic disease, all refractive surgery candidates should have corneal
topography examinations prior to any elective procedure. The Placido corneal topographer with its
axial power map remains the most reliable method to screen for forme fruste keratoconus or forme

fruste pellucid marginal degeneration. Contact lens history must be considered prior to conclusive
diagnosis. Always use zonal pachymetry whether from multiple ultrasound readings (central, nasal,
temporal, superior, and inferior) or from scanning slit or Scheimpflug map data. Although no one
single diagnostic tool may yet provide the screening “crystal ball” desired to predict future disease
in all cases, following the topographic guidelines outlined above will greatly enhance the ability to
avoid potential postoperative complications

A B
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Introduction
The reduced mechanical stability of the cornea in keratoconus for example may be increased by
photooxidative cross-linking of the corneal collagen.

Keratoconus is a corneal degeneration which often leads to a severe visual impairment due to an
increasing corneal irregularity associated with a worsening of the optical abilities. The biomechanical
characteristics of the cornea result from the collagen scaffold, the collagen compound and their
bonding with the collagen fibrils. Even though the total amount of collagen lamellas is not significantly
lower in keratoconic corneas7 the stability is lowered by factor 0.7.1 A decreased thickness16 in
addition to a modified configuration of the stromal collagen lamellas5, 13, 15 are seen. Furthermore in
keratoconic corneas twice as much hydroxyproline can be dissolved by pepsin.1 Hydroxyproline
stabilizes in a great amount the collagen’s triplehelix. Moreover enzymatical alterations have been
observed with an increased expression of lysosomal and proteolytic enzymes.8, 16, 18, 35 as well as a
decreased concentration of protease inhibitors.8, 9 These facts indicate a disturbed cross-linking within
or/and among the collagen molecules.

By photooxidative collagen cross-linking with riboflavin and ultraviolet (UV)-light additional
covalent bindings between the collagen molecules can be achieved which consequently stabilize the
collagen scaffold.

Photooxidative Collagen Cross-linking with Riboflavin and
Ultraviolet (UV)-light
With the photooxidative collagen cross-linking with riboflavin and ultraviolet (UV)-light we are
able to treat a limited area within a short time.

Riboflavin is a vitamin (vitamin B2), nontoxic and available as a drug. It has two important functions:
the absorption of the UV-irradiation and as photosensitizer the generation of reactive oxygen species
(singlet oxygen). In combination with UV-light, riboflavin creates free radicals which induce new
chemical bonds. A significant increase in mechanical stiffness can be achieved through the cross-linking.

Because of the Riboflavin´s molecular weight (376 g/mol) an intact epithelium would be a diffusion
barrier. Therefore only after removal of the epithelium the riboflavin can penetrate the stroma. The
diffusion process of 0.1% riboflavin in the stroma can theoretically be described by the time-dependent
one-dimensional diffusion equation assuming a diffusion coefficient of D = 6.5 × 107 cm2/s. The
intrastromal distribution of riboflavin is shown in Figure 2-1 varying in cornea´s depth and time.
After 30 minutes in a 400 µm-thick cornea the concentration at the endothelium reaches a level
where the absorption of the UV-light is high enough to protect endothelium and intraocular structures
sufficiently according to the Lambert-Beer´s-law. If the stromal thickness is smaller than 400 µm, a
hypoosmolalic riboflavin solution has to be used to swell the corneal thickness to 400 µm.

Riboflavin has two absorption maxima: 365 nm and 430 nm. According to the higher energy a
greater cross-linking effect can be achieved when irradiated with 365 nm.24 Therefore UVA-light of
370 nm wavelength is used for the irradiation. In this way approximately 90% of the UV-light is
absorbed in a 400 µm thick deepithelialized cornea and thus there is no risk for endothelium, lens
and retina to be damaged.

From investigations on the biomechanical effects with an irradiance of 3 mW/cm² an optimal
irradiation time of 30 minutes was found.2, 20 A significant increase in biomechanical stiffness starts
after 15 minutes. An irradiation longer than 45 minutes shows no further stiffening.
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FIGURE 2-1: Intrastromal distribution of 0.1% Riboflavin in the
corneal stroma at different times after riboflavin application at
the surface.

Safety for Endothelium and Lens
According to industrial safety guidelines for an unprotected eye a daily UVA-irradiation of 1 mW/
cm2 without a photosensitizer is permitted.23 35% of this are absorbed in the cornea and the
endothelium is strained with 0.65 mW/cm2. For a 30 minutes irradiation without photosensitizer in
vivo experiments showed a damage threshold for the endothelium of 4 mW/cm2 .30 By cross-linking
with riboflavin and UV-light in a 400 µm cornea 94% of the UV-irradiation is absorbed and the
endothelium gets only 0.18 mW/cm2.26 This value is below the determined damage threshold30 and
below the value from the industrial safety guidelines. Therefore there is no risk for lens and retina.

Another reason for its safety lies in the small distance between the irradiation source and eye
and the irradiation´s divergency. Thus no UV-light is focussed on the retina.

Effect and Evidence of Cross-linking
Photochemical induced cross-linking cannot be visualized directly by staining or other microscopical
techniques. However cross-linking causes modification of numerous physicochemical qualities of
the stromal collagen which are indirect evidences for cross-linking. Below a few of these changes
are pointed out.

INCREASE IN STIFFNESS AND BENDING STIFFNESS, INCREASE IN ELASTICITY MODULUS
The cross-linked cornea is stiffer by factor 1.8 than normal cornea. With it the reduced stability in a
keratoconic cornea is compensated.10, 24, 29 The stiffening effect is stronger in corneas with a higher
amount of collagen respectively in elder corneas.2, 29

RAISING OF SHRINKING TEMPERATURE
The cornea´s shrinking temperature is raised from 63°C to 70°C. The shrinking temperature correlates
positively with the degree of cross-linking.27

DECREASE OF SWELLING
Cross-linked collagen shows significantly less tendency for swelling.25, 33
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INCREASED THICKNESS OF THE COLLAGEN LAMELLAS
The diameter of collagen lamellas increases by 12% in the anterior stroma and by 4.5% in the posterior.32

ENHANCED RESISTANCE AGAINST PROTEOLYTIC ENZYMES
In patients with keratoconus a higher expression of lysosomal and proteolytic enzymes as well as a
decreased concentration of protease inhibitors was found in the lacrimal fluid.8, 9, 12, 16, 18, 22, 35 These may
account for the stromal thinning. The cross-linked cornea shows an enhanced resistance against
proteolytic enzymes.28 This decelerated degradation process also results in an extension of the
collagen´s turn-over-time.

Stronger Cross-linking in the Anterior Stroma
The cross-linking effect is distributed inhomogeneous over the corneal depth. The stiffening effect
is concentrated on the anterior 200 to 300 µm of the cornea.10, 19 The UV-intensity is getting lower in
deeper tissue due to its high absorbance. As a marginal increase of the collagen lamellas´ diameter,30

an increased enzymatic degradation28 and a stronger shrinking effect27 were observed in the posterior
stroma, a minor cross-linking effect can be assumed for the posterior parts.

This reduced cross-linking effect in deeper tissues can be explained by the above described
intrastromal distribution of riboflavin (Figures 2-1 and 2-2) and by the exponentially declined UV-
intensity according to the Lambert-Beer´s-law. 65% of the UV-light is absorbed in the anterior 200
µm, only 25 to 30% in the further 200 µm. Since the cross-linking effect predominantly depends on
the UV-irradiance and not as much on the riboflavin concentration20 the stiffening effect is strongest
in the anterior 200 to 300 µm of the cornea.

FIGURE 2-2: Decrease of UV-intensity by depth in a
400 µm cornea without (left) and with (right) riboflavin.

Treatment Procedure
The cross-linking is performed as an outpatient treatment.

The treatment parameter and protocol is shown in Figure 2-3.
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FIGURE 2-3: Treatment parameters.

After topical anesthesia, the epithelial tissue has to be removed maybe only partially in an area of
9 mm diameter. Since the intrastromal distribution of riboflavin takes time26 it is necessary that 0.1%
riboflavin solution is applied to the cornea 20 to 30 minutes before the irradiation. This time is
necessary for a sufficient saturation of the stroma22 to shield endothelium and lens.

As UVA-radiation source today radiator of different manufacturer such as the UV-X (Fa. Peschke)
can be used (Figure 2-4). It works with UVA-diodes and supplies a homogenous irradiance of
3 mW/cm² in a distance of 5 cm within a diameter of 8 mm of the central cornea. So local irradiation
peaks, so called hot spots, which cause a local damage of the endothelium, are avoided. A
homogeneous illumination of the cornea is essential for a safe treatment procedure. The irradiation
area of 8 mm guarantees the cross-linking of only the central cornea, while the limbus, the sclera or
the goblet cells are not.

FIGURE 2-4: UV-X irradiation tool (Fa. Peschke).
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During the 30 minutes of irradiation, drops of Riboflavin solution have to be applied to the
cornea every 4-5 minutes. In this way, the necessary concentration of the riboflavin is sustained and
desiccation of the cornea is avoided.

After Treatment
After cross-linking, antibiotic eye ointment and vitamin A eye ointment should be applied.
Furthermore, analgesics can be prescribed. The ointments should be applied until complete
reepithelialization of the cornea is achieved. If necessary, artificial tears and topical steroids can be
prescribed.

After cross-linking the corneal curvature changes further by cellulary procedures. Therefore
adjustment of new glasses or contact lenses should not be too soon. Apoptosis of keratocytes in the
anterior stroma is seen after cross-linking.4, 11, 31 6 months after treatment no keratocytes are seen in
the anterior stroma. Over the course of time new keratocytes move in from the limbus. This process
is completed by approximately 4 months after cross-linking. This repopulation mechanism leads to a
decrease of corneal curvature by approximately 2 diopters. The immigrated keratocytes respectively
myofibroblasts´ contraction forces may be responsible.3, 6, 14, 17, 34

Due to the apoptosis and the repopulation of keratocytes the cornea of nearly all patients shows
a slight haze of the anterior stroma within the first weeks. This haze can be seen in about 70% of the
cornea´s depth and can be called as demarcation line between the mid and the posterior stroma.21

The haze is certainly the reason for augmented glare. This phenomenon disappears normally 3 to 4
months after cross-linking. Sometimes though it can be seen still years after treatment.

Summary
By increasing the biomechanical stability of the cornea by riboflavin and UVA-induced collagen
cross-linking it seems to be possible to stop the progression of keratoconus. Collagen cross-linking
is a practical out-patient service, minimally invasive, cost-effective treatment with minimal strain for
the persons treated. The knowledge and the observance of the biophysical basics of the photooxidative
corneal collagen cross-linking account for a safe application of this therapeutical method.
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Introduction
Keratoconus is a non-inflammatory cone-like ectasia of the cornea, which is usually bilateral, that
progresses over time, with consequent central or paracentral thinning of the stroma and irregular
astigmatism.

FIGURE 3-1: Keratoconus

The relevance of keratoconus in the general population seems to be relatively high, with approxi-
mately 1 in 2000,1 even if the diffusion of new diagnostic means will permit to find prevalence rates
certainly greater. In nearly all cases both eyes are affected, at least from a topographic point of view.

The cause of keratoconus is unknown, but it seems that enzymatic changes in corneal epithelium,
such as decrease of the levels of the inhibitors of proteolytic enzymes and an increase of the lysosomal
enzymes can be involved in the cornea degradation.

At the beginning, glasses are sufficient to correct myopia and astigmatism still regular or slightly
irregular; successively, in cases of high astigmatism, it becomes necessary to apply hard contact
lenses.

Epikeratoplasty is efficacious in patients which do not endure contact lenses and which do not
show a significant central corneal opacity, but, due to its visual results not being perfect, this procedures
was dropped.

Intracorneal rings also can be an option,2 but all these described techniques unfortunately only
correct refractive errors and do not treat the cause underlying the corneal ectasia and, therefore,
they do not permit to stop the progression of keratoconus.

In 1996,3 some theoretical studies started investigating more deeply the underlying causes of
keratoconus and the possible parasurgical techniques to stop its progression. In all patients affected
by keratoconus a reduced degree of cross-links in the corneal collagen fibers has been observed;
that is, the aim of those studies was firstly to determine how to increase those cross-links to obtain
an improved mechanical stability of the cornea and also to increase the resistance against enzymatic
degradation.
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Corneal Collagen Networks
Collagen is a structural protein organized in fibers. Those fibers are responsible of limiting the
tissue deformation and preventing mechanical brakes. The collagen fibers are chemically stable and
have high mechanical properties. Inside the connective tissue, fibroblasts synthesize tropocollagen
molecules, the base blocks of collagen fibers. Those molecules have a typical weight of 300 kDa, a
length of 280 nm with an average diameter of 1.5 nm. The molecule is composed by 3 helicoidal
chains (alpha-chains) interlacing each other like a rope (Figure 3-2).

FIGURE 3-2: Collagen triple helicoidal chain

The factors of stabilization of those collagen molecules are related to the interactions between
the 3 helics and are due to Hydrogen links, Ionic links and intra-chain reticulations (cross-links).

The stroma, composed mainly by collagen lamellae, gives the cornea 90% of its thickness. Between
the lamellae, keratocytes can proliferate, migrate and turn into their activate state. Integrity of corneal
epithelium for the switch of keratocytes (resting cells) in fibroblasts (active cells) is very important.

Keratansulphate type I is the most important mucopolysaccharide present in corneal stroma: it
plays an important role for the orientation of collagen mashes and lamellae (corneal clarity, tensile
strength) and for corneal hydration (corneal edema).

Photochemical Cross-linking
There are many different possibilities of cross-linking:4

• Lysyl oxidase (LOX) cross-links collagen enzymatically
• Transglutaminase (12h, pH=3)
• Sugar aldehydes (diabetes – Advanced Glycation End products—AGEs)
• Chemical cross-linking (glutaraldehyde, formaldehyde, DPPA)
• Photochemical cross-linking (UV, ionizating radiation)
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The interaction between organic tissues and radiation depends on the type of radiation used.
The ionizing radiation has enough energy to turn out electrons from the atoms of the tissues. Other
types of radiation, i.e. UV radiation, have not enough energy to turn out electrons but to make them
jump to higher energy levels (exciting radiation).

In the human biologic tissues, water molecules are present at a rate of 70 to 90%, so it is clearly
the main target of radiation. During the water radiolysis process, the energy applied to water
molecules ionizes them and generates free radicals. Free radicals are continuously produced in
tissues and quickly inactivated by chemical or enzymatic transformation.

In the eye, ascorbic acid absorbs UV radiation (at cornea, lens and vitreous body areas); it is a
cofactor of several enzymes, the best known of which are prolyne hydroxylase, enzymes involved
in byosinthesis of collagen. In vitreous body, after cataract surgery (absence of glutathione), ascorbic
acid (in ascorbate form) absorbs UV not stopped by the lens, resulting in the formation of free
radicals, disaggregation of hyaluronic acid and increase in cross-linking of collagen fiber networks.

Riboflavin-UVA Treatment
A photo sensitizer is a substance which is activated by the absorption of light at a given wavelight
and which can induce free radical reactions in its activate form. This substance can amplify light
radiation effect on biologic tissues.

The basic mechanism of the photochemical treatment of keratoconus is to use Riboflavin as a
photo sensitizer and apply on it UV irradiation at a determined wavelength to induce free radicals
reactions and increase in this way the cross-links in the collagen fibers. Riboflavin has a high UV
absorption between 360 and 450 nm; due to its additional shielding all structures behind the corneal
stroma, including corneal endothelium, anterior chamber, iris, lens and retina, are exposed to a
residual UV radiant exposure less than 1 J/cm2 (in accordance with safety guidelines). The UV
source is typically a group of 3 to 5 Light Emitting Diodes producing a radiation of 370 nm wavelength
and 3 mW/cm2 intensity (Figure 3-3).

The cross-linking effect is obtained in 3 steps (Figure 3-4).

FIGURE 3-3: UVA source (Courtesy of Peschke GmbH)
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FIGURE 3-4: Photochemical induction of cross-links

Corneal Epithelium
The goal of the transepithelial treatment is to obtain mechanical X-Linking of collagen fiber networks
of the corneal stroma without side effects (edema, demarcation lines in the anterior stroma of the
cornea, phlogosis, etc).

The widespread technique of cross-linking is based on a central abrasion (with a diameter of 8
mm). This abrasion is made because the epithelium is believed to be a barrier to the correct diffusion
of riboflavin so a possible factor of decreased effectiveness of the treatment.

What has been observed during the different studies5,6 is that free radicals mediated by the
riboflavin irradiated with UV light can create cell damage. Keratocytes showed (in both laboratory
and clinical studies in epithelium-removed eyes) cells death up to a 350 nm depth. After 6 months
the area is repopulated by keratocytes which, differently from corneal endothelium, can reproduce.
To preserve the endothelium a minimum corneal thickness of 400 nm should be assured.

The barrier-effect produced by the riboflavin, present at the level of the tear film and of the
corneal epithelium, is one of the qualifying aspects of the transepithelial technique. Actually, this
aspect makes the technique safer as far as the endothelial damage is concerned, especially in the thin
corneas (400 microns), because most of the radiating energy emitted for the treatment, is blocked
before entering the superficial layers of the corneal stroma. Moreover, a part of the energy reaches
the superficial corneal stroma, where the riboflavin is located, even if in a small quantity, and then
produces free radicals and cross-links between the collagen fibers.

The news in this treatment is represented by the possibility of realizing cross-linking keeping the
epithelium unaltered. This natural barrier protects the cornea but it is not an impermeable stratus: it
is an osmotic membrane through which the riboflavin can penetrate to the cornea. Of course, the
riboflavin itself cannot penetrate easily so the question is, at this stage, about the real effectiveness
of the treatment, compared with the traditional one. If we combine the riboflavin drops with a
tension-active substance, we can have a more efficient penetration to the cornea. This substance acts
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as a vector for riboflavin, with a double effect: reaching the cornea and filling the epithelium,
contributing to its strengthening (Figure 3-5).

FIGURE 3-5: Patient eye under C3-R treatment.

The advantages of this particular technique is that all the macroscopic side effects related to the
epithelium-removal technique are not present: no pain, no stromal edema (due to the abrasion) and,
more important, the possibility to treat both eyes in the same session (85% of patients have bilateral
keratoconus, so the treatment in most cases is necessary in both eyes).

Even if we assume that the riboflavin cannot penetrate efficiently the epithelium, we think that as
the photo sensitizer is distributed homogeneously on the treated eye, we can at least obtain an
increased rigidity of the corneal epithelium, thus a decreased instability in visual acuity of the patient.

The real question is about the effectiveness of the treatment, as the safety issues are not a worrisome
with this technique: keeping the epithelium unaltered means reducing most of the side effects of the
treatment (including the death rate of keratocites and the number of endothelial cells). We continue
our studies in this way because we believe that the epithelium removal is something that could be
avoided in the treatment and transepithelial technique will become the standard in cross-linking
treatments.
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Introduction
The term cross-linking indicates a medical intervention; it was originally used in specialties such as
dentistry and orthopedics. Theo Seiler, MD, PhD, of Switzerland, was the first to suggest applying
this principle to ophthalmology, more specifically cross-linking corneal collagen fibers.

After researching this idea, Professor Seiler and his colleagues studied the use of riboflavin
(vitamin B2) and UVA irradiation, noting that the combination induced a strengthening of the corneal
stroma. This effect was obtained by creating new bonds between the collagen fibers—where unstable
riboflavin molecules produced these bonds after irradiation with UVA. This early research proved
an effective treatment for keratoconus; however, one problem was standardizing the main parameters
of the treatment, including riboflavin concentration and penetration, UV fluence, and time of exposure.
This standardization was necessary to render the treatment safe and effective.

Present
The corneal collagen cross-linking (CXL) treatment initially required epithelial debridement to improve
riboflavin penetration in the stroma; however, now the treatment may be performed with or without
deepithelialization. There are different opinions regarding epithelial debridement, but we must
remember that most complications of the procedure (infections, slow healing, subepithelial haze)
arise from deepithelialization. Epithelial healing in keratoconic corneas is indeed much slower than
in healthy corneas, and may take several weeks after CXL in some eyes (personal observation).
Some surgeons argue that leaving the epithelium on the stroma is less efficacious because it slows
the penetration of the riboflavin on the stroma; however, our experiences demonstrate the opposite.

Recently, Pinelli, et al1 used fluoroscopy to observe the absorption of riboflavin in the absence of
epithelial debridement (Figure 4-1). Riboflavin 0.1% was applied to the cornea via a saturated Merocel
sponge and left on the eye for 5 minutes before the start of UVA light administration. We repeated
riboflavin applications every 3 minutes. After 6 minutes, the riboflavin penetrated under the
epithelium; after 14 minutes, it penetrated the middle of the stroma; and after 30 minutes, we
observes its full diffusion. Our research demonstrated that during CXL treatments, leaving the
epithelium intact does not significantly limit the penetration of the riboflavin.

Personal Experience
Observing via fluoroscopy the riboflavin absorption without epithelial removal, we noticed that the
epithelium does not restrict significantly the riboflavin penetration.

Riboflavin 0.1% (PriaLight®, PriaVision, Menlo Park, CA, USA) was applied on the cornea via a
saturated Merocel sponge for 5 minutes before the start of UVA light administration. The riboflavin
is then applied every 3 minutes during the whole procedure.

After 6 minutes the riboflavin penetrates under the epithelium; after 14 minutes it penetrates in
the middle stroma and after 30 minutes we can observe its full diffusion (Figure 4-1).

On this basis, we conducted a comparative study to evaluate the difference between C3-R with
and without deepithelialization on patients affected by keratoconus.

They were divided into two groups (A and B) each was composed of five patients.
Group A was treated monocularly with CXL without deepithelialization; group B was treated

monocularly with CXL with deepithelialization.
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FIGURE 4-1: The penetration of riboflavin under the epithelium.

Before the treatment, all patients had an assessment of uncorrected visual acuity (UCVA), best
spectacle-corrected visual acuity (BSCVA), manifest refraction spherical equivalent (MRSE), bio-
microscope evaluation (corneal and lens transparency), intraocular pressure (IOP), corneal
computerized topographic examination (Eyesys), linear scan optical tomography (Orbscan II),
endothelial cell count and ultrasound pachymetry, and a satisfaction questionnaire was also
administrated in order to monitor the level of satisfaction reached by the two different groups. All
examinations were repeated at six and nine months after CXL treatment. Exclusion criteria included
pachymetry thinner than 400 µm and aphakic eye.

Each eye was treated with proparacaine 0.5% for ≤ 30 minutes before exposure (i.e. approximately
two drops every 5 minutes). Riboflavin was then applied on the cornea for ≤ 25 minutes before



30

Keratoconus Surgery and Cross-linking

irradiation and was then activated by a 30-minute exposure to the UVA light (i.e. 370 nm fluence at
3 mW/cm2). Riboflavin solution was reapplied on the cornea every 3 minutes during the UVA
irradiation.

Results
Before the treatment, UCVA ranged from 0.1 to 0.3, BSCVA from 0.4 to 0.7, medium K value ranged
from 45 to 49 D, and corneal thickness from 432 to 463 microns.

At six and nine months postoperatively there were no significant differences in the analyzed
parameters between the deepithelialized group and the non-deepithelialized one.

Mean K decreased, SE decreased, RMS error decreased (Figure 4-2), gained lines in UCVA and
BSCVA, pachymetry increased and no endothelial cells loss were observed in both groups (Table
4-1). The only remarkable difference regarded discomfort evaluation and satisfaction questionnaire.

TABLE 4-1: Results of corneal cross-linking with and without de-epithelialization
  A group (not  deepithelialized) B group (deepithelialized)
Gained Lines  of UCVA 2 2

Gained Lines of BSCVA 1,6 1,8

Mean Pachymetry Increase 15 microns 13 microns

Mean K Decrease -1,74 D -1,92 D

Mean S.E. Decrease -1,37 -1,75

Endothelial Cells Loss NONE NONE

Mean RMS Error Decrease -2,21 -1,98

Discomfort Evaluation 1 4

Satisfaction Questionnaire 9 8

The deepithelialized group showed demarcation lines in the stroma (probably due to migration
of keratocytes), that not necessarily represent a sign of cross-linking. According to our R&D
department, signs of linking have to be demonstrated through direct and indirect analysis (direct:
confocal microscopy and/or electronic microscopy; indirect through the study of the molecular
properties of collagen). The non-deepithelialized group showed transparent cornea without any
stromal abnormality.

The postoperative therapy for the first group was only artificial tears for one week, while the
second group of patients needed topical steroids for two weeks.

At the Second International Corneal Cross-linking Congress 2006, in Zurich, Switzerland, Pinelli,
et al reported results and characteristics of our CXL treatment protocol:2

• No epithelial debridement;
• Two drops of proparacaine 0.5% every 5 minutes for 15 minutes;
• A 5-minute presoak with riboflavin solution (0.1% riboflavin-5-phosphate and dextran);
• Up to 30 minutes of exposure to UVA light (370 nm fluence at 3 mW/cm2) to the central 7 mm of

the cornea (with the speculum in place);
• UVA light combined with reapplication of riboflavin solution every 3 minutes.
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FIGURE 4-2: Aberrometry before and after corneal cross-linking without de-epithelialization
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The penetration of riboflavin through intact epithelium can be enhanced by substances increasing
its permeability, such as ethylenediaminetetraacetic acid (EDTA)3 and topical gentamicin. Dr Leccisotti
is currently pre-treating for 3 hours with these 2 components, all included in a standard topical
gentamicin industrial preparation (Ribomicin eyedrops, Farmigea, Italy), then by topical anesthetic
(oxybuprocaine) for 30 minutes, before instilling riboflavin and irradiating with UVA. His results at
6 months are encouraging, with BCVA unchanged in 21 eyes, improved in 11 eyes, worsened in 1
eye by 1 Snellen line. Mean BCVA improvement, in decimals, is 0.15. Mean curvature improvement
is 1.3 diopters (Figure 4-3). Endothelial safety was tested by specular microscopy, and cell density
was unchanged at 1 month and 6 months. This is reassuring, and shows that UVA penetration is (as
expected) under the threshold of endothelial damage.

Pinelli, et al have a patented a riboflavin formula (0,1% plus tensioactive) which is at the present
time under investigation on rabbit eyes.

Drs. Pinelli and Leccisotti truly believe that in the near future the transepithelial procedure will
be a new frontier of the treatment for keratoconus; the methods, epi-off and epi-on, can consist of
different options for different cases. In the history of refractive surgery similar phenomenon are
now routine for everybody (first step with PRK and then LASIK) and there is the firm belief that
these two approaches to the cure of the keratoconus disease can cohabit in the near future.

FIGURE 4-3: Changes of central curvature after corneal collagen cross-linking without deepithelialization at tangential
videokeratography. Top center: preoperative. Top right: 1 week after treatment, showing initial improvement. Bottom
center: 3 weeks after treatment, further improvement. Bottom left: differential map, showing a cone flattening of 4
diopters.
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Future
Although ophthalmologists are still debating whether to remove or keep the epithelium intact before
C3-R treatment, we prefer to avoid deepithelialization and its associated discomfort, especially until
a scientific method or new technology in vivo will demonstrate the opposite.

In our opinion, the C3-R treatment in the future will be a less invasive, painless technique that
does not require deepithelialization. A bilateral option may also be psychologically easier and more
accepted by our patients. Thus far, C3-R treatments are effective, and results and follow-up are very
encouraging. The numerous studies on C3-R and its impending CE mark demonstrate its safety.
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Principles of Surgical Treatment of Keratoconus
The first consideration about keratoconus (KC) is that most keratoconic eyes do not need any surgical
or parasurgical treatment, because of minimal deformation, of acceptable vision with contact lenses
or even spectacles, and of stability.1 However, the advent of collagen cross-linking has introduced
an element of prevention of further corneal deformation even in those eyes in which no surgical
treatment was considered in the past.2 Therefore, we should clearly separate the indications to
cross-linking from those to surgery. Cross-linking is indicated in earlier stages of keratoconus,
showing progression, and with no scarring; we should not hope that this technique avoid surgery in
eyes with advanced keratoconus and poor vision with contact lenses.

Surgical treatment of KC has several options: the simple correction of the associated refractive
error without touching the cornea, by means of phakic or pseudophakic IOLs; the attempt to reshape
the cornea, by insertion of intrastromal rings; the selective transplantation of the stroma, at different
depths; finally, the full transplantation of the cornea.

Several techniques that have not passed the test of time or that are still under investigation will
not be covered by this chapter. Procedures causing corneal weakening, such as excimer laser,3 incisions
and circular keratotomy4 can have disastrous consequences and are therefore not advised on
keratoconic eyes. Epikeratophakia, consisting in the application of a donor lenticule over the cornea5

has been abandoned because of poor predictability and interface opacity.

Phakic IOLs
KC is often associated with a myopic refraction. When the cornea is not excessively irregular, the
myopic error can be addressed by the implantation an phakic IOL,6 with a toric component if the
astigmatism is significant.7 Since the same results can be achieved by refractive lens exchange (RLE),
phakic IOLs are usually reserved to patients younger than 40, because their advantage over RLE is
essentially the preservation of accommodation. Phakic IOLs do cause complications, may need
explantation because of cataract or age-related shallowing of the anterior chamber (AC) and, when
implanted in the AC, require a lifetime endothelial surveillance.

Several models of phakic IOLs are available, and their detailed description is beyond the purposes
of this chapter. Angle-supported IOLs are currently falling out of favour, so the main phakic IOL
models now in use are iris-fixated and posterior chamber. Iris-fixated IOLs have the advantage of
rotational stability, and are therefore ideal toric IOLs. AC depth, lens rise (i.e. the convexity of the
iris-lens plane) and endothelial status are of paramount importance in preoperative evaluation, as
most complications are caused by the IOL contact with the iris (pigment dispersion, chronic
iridocyclitis), the lens (cataract), and the endothelium (corneal decompensation).8 Although the surgical
maneuvers to implant a phakic IOL should disturb the vitreous less than those occurring during
phacoemulsification, phakic IOLs are associated with retinal detachment, and this risk should be
discussed with the patient. The difficulties in obtaining a reliable refraction, necessary to IOL power
calculation, can explain some cases of significant overcorrection or undercorrection. In such cases,
being unadvisable excimer laser fine-tuning, the phakic IOL should be exchanged.

Refractive Lens Exchange (RLE)
The indications of RLE are the same as phakic IOLs’, but the loss of accommodation following RLE
restricts this procedure to patients in the presbyopic age or younger patients that for some reason
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may not undergo phakic IOL implantation. RLE is based upon phacoemulsification of the crystalline
lens and implantation in the capsular bag of a pseudophakic IOL,9 which may bear a toric component
to correct corneal astigmatism.10 Multifocal IOLs are obviously contraindicated in KC because corneal
irregularity affects multifocality and cause aberrations and dysphotopsia.

The calculation of the IOL power is less reliable than in ordinary RLE; it has been advised to
use videokeratographic K readings,11 but the idea of using prepupillary corneal curvature appears
more appropriate. If the cornea is not too irregular, intraoperative autorefraction can be helpful to
directly calculate the IOL power (in highly myopic eyes) or to verify the power of a just implanted
IOL.9

The main side effects of RLE in KC are under- or overcorrection, dysphotopsia, posterior capsule
opacification, and vitreoretinal complications. Under- and over corrections can be treated by prompt
IOL exchange (easier in the first postoperative weeks) or by piggyback implantation of a sulcus IOL
(normally, for each diopter [D] of myopia the 1st IOL power should be reduced by 1 D, and for each
D of hyperopia, the 1st IOL power should be augmented by 1.5 D). Dysphotopsia is generally well
tolerated, because KC patients are used to glare and halos induced by KC itself or by contact lenses.
Vitreoretinal complications include posterior vitreous detachment and retinal detachment, and are
caused by the changes in the AC pressure during phacoemulsification.

Intrastromal Rings
Intrastromal ring segments reshape the keratoconic cornea by supporting the tissue and by shortening
the corneal arc length.12-14 Their implantation can be combined with cross-linking.15 The indications
to intrastromal rings are a clear cornea, contact lens intolerance, minimal central thickness of 400
micron. Their effect on refraction is a reduction of myopia and a regularization of astigmatism, but
their predictability is limited in KC because of the variable tissue response. Two rings segments or
a single segment can be implanted. Manual implantation is sometimes difficult; femtosecond laser is
therefore often used to create the intrastromal tunnels.

The effects of intrastromal ring segments is reverted after explantation, and the cornea returns
to the previous shape. The main drawbacks of intrastromal ring segments are poor predictability
and initial irregular astigmatism.

Anterior Lamellar Keratoplasty
KC is essentially a stromal disease; therefore, partial or total replacement of the anterior central
stroma (anterior lamellar keratoplasty—ALK) is theoretically its rational cure. Unfortunately, anterior
lamellar keratoplasty often yields suboptimal visual results, and is therefore limited to cases in
which contact lenses are not tolerated, spectacle-corrected visual acuity is not sufficient for the
patient’s activities, and the cornea is too thin or irregular for intrastromal rings (but several surgeons
do not even consider the option of rings). The main drawback of anterior lamellar keratoplasty is
astigmatism, which can be relevant and/or irregular. While mean astigmatism is 2.5 to 3 D in most
series,16 unexpected cases of frustrating high astigmatism may occur even after perfectly conducted
surgery. The other complications include stromal rejection and suture-related inflammations, which
can be however adequately tackled if early addressed, and intraoperative complications such as
perforation, which can lead to penetrating keratoplasty (PKP).
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Anterior lamellar keratoplasty is usually classified according to the depth of dissection. Some
surgical techniques such as the big-bubble may bare the Descemet’s membrane (total ALK or maximum
depth ALK); in other cases, only 20-50 microns of stromal bed are left (deep ALK);17 finally, in
automated ALK, a microkeratome removes a 250 micron thick free corneal cap, replaced by an
analogue but thicker donor flap (usually 350 micron thick). In all cases, the donor tissue is a central
corneal button deprived of the endothelium and the Descemet’s membrane, and of the same diameter
of the excised host button (or 0.25 mm larger). The choice of the technique is essentially surgeon
dependent; in general deeper dissections are technically more challenging but achieve best visual
results because of no interface opacity.18 Deep ALK is a good compromise between an acceptable
intraoperative safety and a good final vision.

The advantages of ALK (especially of total and deep ALK) over PKP are enormous. The healthy
perennial host endothelium is preserved; the endothelial rejection is impossible; surgery is not open
sky; astigmatism is normally lower; finally, donor tissue is more readily available, because ALK
does not need the endothelial standards required for PKP. Even the strongest advocates of PKP are
progressively accepting the fact that visual acuity after ALK is comparable with PKP.19

Penetrating Keratoplasty
Currently, the indications for PKP in KC are rather restricted. Obviously, a previously failed PKP is
the first indication. Unexpected perforation during ALK sometimes requires intraoperative conversion
to PKP. Finally, extremely thin corneas are at high chance of intraoperative perforation during ALK,
and therefore some surgeons directly perform PKP in such cases. We think that ALK should be
attempted even in thin and protruding corneas, because the success rate is more than 50% in these
cases; obviously, everything (adequate tissue included) should be ready for a PKP.

This said, we must remember that PKP has been the golden standard for advanced KC until
recent years, and its merits are not questionable. The absence of donor-host interface, the fast
learning curve, the manageability of rejection, its repeatability are well known.20  Our main concerns
with PKP are the duration of donor endothelium and open sky surgery, with the inherent risk of
increased vitreous pressure.

Conclusion
The term KC entails a wide spectrum of corneal deformations: the approach to visual rehabilitation
in KC is therefore based upon careful staging and realistic expectations. Contact lenses have a definite
role in improving the quality of life and postponing or avoiding surgery in many keratoconic eyes.
When corneal irregularity is limited, the spherical and astigmatic refractive error can be addressed
by phakic or pseudophakic IOL implantation. Intrastromal ring segments can regularize the corneal
shape in selected cases, and can be combined with IOL implantation. When corneal deformation is
relevant, ALK in its variants is the most rational intervention, with most cases however resulting in
a refractive error that will require spectacles, contact lenses or further surgical correction.
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Introduction
Intrastromal ring segments (ISRS) were originally developed to treat low levels of myopia in healthy
eyes. By adding material to the peripheral cornea, they alter the curvature of the anterior cornea
inducing a central flattening and thereby reducing myopia.

With increasing safety and accuracy of laser refractive surgery for vision correction, the use of
ISRS for this indication has reduced dramatically in the last 10 years.

However, a new role for these segments in the treatment of corneal ectatic disorders has now
been firmly established with numerous published articles to support their use.1-13

The purpose of this chapter is to provide an in-depth review of these ring segments for the
treatment of keratoconus.

Although there are several types of ISRS, IntacsTM (Addition Technology, Inc, Fremont, California,
USA) are the most commonly studied and used although implantation techniques and complications
are similar between different types.

The implanted ring segments are two, clear, arcs of variable thickness up to 450 microns made of
polymethylmethacrylate (PMMA), each with an arc length of 150 degrees. The outer diameter of
each segment is 8.1 mm and the inner diameter measures 6.8 mm (Figure 6-1).

The segments are implanted in the peripheral cornea at the 7 mm optical zone. The rationale for
treatment of conditions such as keratoconus is that they regularize the corneal surface essentially by
providing a scaffold for the cornea.

As the segments are inserted peripherally, they have the effect of flattening the central cornea
with the effect proportional to the thickness of the segments. As such, they reduce the amount of
astigmatism, regularize the anterior corneal surface and induce a hyperopic shift.

In many cases, they can delay or obviate the need for a corneal graft and can allow patients to
resume contact lens wear where they were intolerant before.

Indications
Indications for the use of ICRS include keratoconus,1-13 pellucid marginal degeneration14-16 and other
causes of corneal ectasia, e.g. refractive surgery induced.17-20

In keratoconus, ICRS are used in those patients intolerant to contact lenses, have a clear central
cornea and who have a minimal central corneal thickness of at least 400 microns.

There are several algorithms available to determine where the initial incision should be and what
thickness segment should be used. Ultimately, treatment is individualized to each patient based on
their refraction, keratometry readings and their corneal topography.

Manual Implantation Technique
Surgery is performed either under topical anesthesia or general anesthesia according to patient and
surgeon preference.

STEP-BY-STEP TECHNIQUE
1. The operative eye is prepped and draped in the usual fashion ensuring the lashes are well away

from the surgical field.
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2. The geometric center of the cornea is marked with a Sinskey hook or marker (Figure 6-2).
3. The ICRS marker which has previously been inked is then centered on the cornea with the

incision site (arrowed on the marker) placed at the steep axis (Figure 6-3).
This provides a visual guide for the incision as well as placement of the segments themselves

in the 7 mm optical zone (Figure 6-4).
4. A calibrated diamond knife set to 70% corneal depth is then used to make a 1.2 mm incision at

the marked entry site in the peripheral cornea (Figure 6-5).
5. A pocketing hook is then used to make a mini tunnel in either direction perpendicular to the

main incision. It is important to ensure that the hook is inserted to the full depth of the incision
(Figure 6-6).

6. A modified corneal dissector is then used to extend the tunnel further on each side in preparation
for manual dissection of the stromal channels (Figure 6-7).

FIGURE 6-1: : Intrastromal ring segments
(Courtesy of Addition Technology, Inc, Fremont, California, USA.)

FIGURE 6-2: Marking of corneal centre
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FIGURE 6-3: Placing of ICRS corneal marker

FIGURE 6-4: Resulting ink marking

FIGURE 6-5: Incision at the tunnel entry



45

Intrastromal Ring Segments: Manual Implantation

FIGURE 6-6: Mini tunnel by pocketing hook

FIGURE 6-7: Extension of tunnel by dissector

FIGURE 6-8: Suction ring is applied and lamellar dissection is started
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FIGURE 6-9: Further lamellar dissection

FIGURE 6-10: Completion of lamellar dissection

FIGURE 6-11: Insertion of ring segments
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FIGURE 6-12: Segments pushed with a Sinskey hook

FIGURES 6-2 TO 6-12: (Courtesy of Ali Mearza)

7. A suction ring is then placed on the eye to stabilize the globe. Low suction is applied and
centering is checked with the ICRS marker. If centering is incorrect, the vacuum is re-applied
until accurate centering is achieved.

8. If centering is correct, high vacuum is then engaged and the stromal dissectors are used both
clockwise and anticlockwise to create the stromal channels. The short lamellar dissector is used
to facilitate entry of the stromal dissector channels (Figures 6-8 to 6-10).

9. Once the channels are created, the segments are inserted clockwise and counter-clockwise after
application of antibiotic eyedrops (Figure 6-11).

10. The segments are pushed in beyond the initial incision with a Sinskey hook (Figure 6-12).
11. The initial incision is sutured with 10-0 nylon.

Postoperative Management Regime
Postoperatively, patients are prescribed an antibiotic and steroid combination drop typically four
times a day for 1 week, then twice a day for 1 week although protocols may vary between institutions.

Topical anesthetics and oral analgesics can be used in addition if there is pain in the immediate
postoperative period. Alternatively, a bandage contact lens can be applied for short-term relief
especially in the presence of an epithelial defect or significant pain.

Complications and Their Management
During surgery, reported complications include accidental perforation of the segments into the
anterior chamber or extrusion of the segments anteriorly through the epithelium.21

In the case of perforation into the anterior chamber, the procedure should be aborted.
Anterior extrusion through the epithelium is secondary to superficial dissection. One approach

to managing this is to repeat the initial incision and dissection ensuring the correct depth is obtained
and then re-inserting the segments.
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Other complications occurring at the time of surgery are relatively mild and resolve very quickly.
These include epithelial defects, conjunctival chemosis and hemorrhage.

Perforation either anteriorly or posteriorly as well as ring decentration can all be prevented by
meticulous surgical technique paying particular attention to centration and tunnel depth.

Wound complications include wound dehiscence with extrusion of the implants, epithelial ingrowth
and new vessel formation.

With wound dehiscence and extrusion, the implant can be repositioned and the wound re-sutured.
If there is new vessel formation, this is likely to progress and the implants should be removed.

Epithelial ingrowth is usually self limiting but if progressive, the implants may to be removed
and the ingrowing epithelium debrided.

Deposits around the segments themselves are common and typically develop within the first six
months of surgery. Their etiology is unclear but they typically have no effect on vision. If the deposits
are marked, then removal of the segments are indicated.22,23

Infectious keratitis has also been reported with ICRS implantation and should be managed in the
usual manner with a low threshold for segment removal. In some recalcitrant cases, penetrating
keratoplasty has been required as a measure to control the infection.24-28

Glare and haloes have been reported and are sometimes debilitating enough to require segment
removal. In one study1 the ICRS had to removed in 12% of eyes because of visual symptoms.

Overall, complications are rare and as long as they are recognized and managed appropriately,
there is minimal compromise to the patient’s vision.

Clinical Results
There is now a wealth of published material on ICRS use for keratoconus and other causes of corneal
ectasia.

Colin1 in his landmark European clinical evaluation paper prospectively studied 57 keratoconic
eyes who were contact lens intolerant and underwent ICRS implantation. At the 6 month time gate,
78% patients had an improvement in uncorrected visual acuity (UCVA) of 2 lines or more. Best
corrected vision acuity (BCVA) improved from 53% of patients pre-operatively seeing 20/40 or
better to 74% patients postoperatively. Keratometry readings were also reduced by a mean of 4.3
+/- 2.8 D. In 12% of eyes, the ICRS were removed because of visual complaints, typically glare and
haloes but there were no complications associated with their removal.

Colin and Malet2 recently published their 2 year prospective results in 100 keratoconic eyes. They
found that the UCVA and BCVA improved in 80.5% and 68.3% of eyes at the 2 year time gate as well
as a significant reduction in keratometry values. Overall, they concluded that significant and sustained
improvements in vision occurred in most cases.

Other authors have also found significant improvements in keratoconic patients.
Aliò et al3 looked at 3 year results in their small series of 13 eyes and found that mean BCVA

increased from 20/50 preoperatively to 20/30 postoperatively at the 3 year time gate. They also
noted decreased inferior-superior asymmetry by a mean of 2.81 Diopters which was sustained at
the 3 year time gate.

Aliò’s group4 also published an interesting paper on potential factors that influenced whether the
outcome was good or poor with ICRS implantation. They concluded that ICRS provided better
results in those eyes with relatively low mean K values (less than or equal to 53 D) compared to eyes
with advanced keratoconus with mean K’s greater than or equal to 55 D.
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The longest follow up data regarding the use of ICRS to date has been published by Kymionis
et al.5 They looked at 17 eyes with keratoconus in their 5 year retrospective study and found UCVA,
BCVA and refraction was improved in the majority of patients (59%) with no evidence of progressive
sight threatening complications.

Discussion
In patients with keratoconus, ICRS are a good stop gap prior to corneal grafting in contact lens
intolerant patients. They not only improve UCVA and BCVA but also restore contact lens tolerance
in the majority of patients.

Whereas in the past, the only option for contact lens intolerant patients with keratoconus was a
corneal transplant procedure, there are now several modalities of treatment that can be employed
prior to resorting to a corneal graft.

ICRS implantation is being made easier and more accurate with the use of the femtosecond laser
to create the channels and the results have been shown to be comparable with the manual
technique.17,29,30

In addition, ICRS can be combined with other modalities of treatment to further improve the visual
outcome. There have been several published reports of ICRS combined with phakic intraocular lenses
performed in a sequential manner to correct any residual refractive error with good results.31,32

The procedure has also been combined with the latest modality of treatment, collagen cross-
linking in order to prevent further progression of keratoconus but published results on this combined
approach are scarce at present.33

In the future, ICRS will be further refined to reliably predict the effect and outcome in keratoconic
and other ectatic conditions. Addition Technology have already produced a new type of ICRS called
Intacs SKTM. This implant has been specifically designed to be used in severe keratoconic cases
where the K’s are extremely high and standard implants would be deemed ineffective.

The implants are elliptical in cross section and are designed to be inserted in the 6 mm optical
zone, hence providing increased effect. Anecdotal evidence seems to show good results and further
data is awaited with interest.34

Conclusions
Intracorneal ring segments are an important part of the surgical repertoire now available to treat
keratoconus.

Patients no longer need to proceed automatically to a corneal graft procedure which involves a
prolonged route to visual rehabilitation.
Intracorneal ring segments provide a safe and effective alternative in selected patients and are likely
to become more efficacious in the future with continuing research and development.
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Introduction
Keratoconus is a disease of unknown etiology or pathogenesis which results in progressive bilateral
thinning and protrusion of the cornea. Various genetic factors have been implicated in its causation
resulting in increased protease activity and possibly aberrant interleukin-11 expression resulting in
both collagen loss or apoptosis of keratocytes.2

The initial mainstay of treatment consists of spectacles and then contact lens wear—progressing
from soft contact lenses to hard. Once a person has become contact lens intolerant until recently the
mainstay of treatment has been to carryout a penetrating keratoplasty (PKP). This is obviously an
invasive treatment with both significant risks but also one requiring intensive follow-up with attention
to suture removal, astigmatism management and anti-rejection treatment.

Where there is central opacification surgical intervention either in the form of PKP or lamellar
surgery is a pre-requisite to clear the visual axis and rehabilitate the eyes visual function. Where the
central cornea is transparent but the patient is intolerant of contact lens wear a variety of procedures
are now becoming available to modify the corneal shape or otherwise improve visual function without
the need for penetrating keratoplasty.

The ever expanding treatment options include:
1. IntacsTM (Addition Technology, Inc, Fremont, California, USA) corneal reshaping
2. IntacsTM plus cross-linking
3. Phototherapeutic keratectomy plus IntacsTM where there is central corneal scarring
4. Excimer laser plus corneal collagen cross-linking (with strict selection criteria)
5. Toric phakic intraocular lens (IOL)
6. IntacsTM plus toric phakic IOL
7. Cross-linking plus toric phakic IOL
8. Lamellar keratoplasty
9. Lamellar keratoplasty plus posterior cornea repositioning.

IntacsTM treatments were first instituted by Colin in 1997 on patients with keratoconus who had
a central clear cornea but were contact lens intolerant. The aim of this treatment is to modify the
shape of the cornea to improve vision rather than arresting the condition. These forms of treatment
may be of particular interest in those patients where more invasive forms of management are more
at risk such as in highly atopic individuals and in Down syndrome patients.

The treatment consists of inserting semicircular plastic rings within the peripheral corneal stroma
in order to shorten the arc length of the anterior cornea and therefore force the anterior cornea to
flatten. The usual treatment consists of either placing one or two IntacsTM within the cornea. Most
commonly two IntacsTM are used and the thicker segment is placed inferiorly to thicken the
degenerated area of cornea in an attempt to push the cone upwards. Increasingly often groups are
placing only one inferior segment. Colin reported in the literature the first year results of IntacsTM

treatment to manage keratoconus in 20003 where they described a flattening of overall cone reduction
in astigmatism. In addition most patients reported improved uncorrected and best corrected visual
acuity. Although Boxer Wachler has reported improvements in overall shape and visual acuity
in patients with central scarring treated with IntacsTM, most other studies have demonstrated
improved clinical responses in those with no central scarring and only moderate keratoconic shape
change.4-6 Insertion of IntacsTM can be carried out by mechanical dissection or by femtosecond laser
dissection.
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Preoperative Evaluation
It is important to carry out a full ophthalmologic examination with uncorrected visual acuity and
best corrected with both glasses and contact lenses. Slit-lamp examination indicating evidence and
position of corneal opacities, folds and cone position. Corneal topography will provide detailed
information on cone position and cone steepness. Corneal thickness can be determined with the
Pentacam or Orbscan topographer or via ultrasonic pachymetry. An evaluation of contact lens fitting
and tolerance is imperative.

Insertion of the IntacsTM by Femtosecond Laser Dissection
A femtosecond is equivalent to 10-15 of a second. The laser works in the infrared spectrum of
electromagnetic radiation at wavelength 1053 nm. Unlike the excimer laser which exerts its energy
on the surface of the cornea to ablate corneal tissue, the femtosecond is focussed at an exact predefined
depth within the corneal tissue. Each tissue pulse causes plasma photodisruption to the precise area
of corneal tissue upon which it is focussed. The tissue affected is vaporized and produces small
bubbles within the corneal stroma which expand and cause a 5-12 µm microsplit in the corneal tissue
at this point. Using thousands of these focussed spots it is possible to create three dimensional
shapes within the corneal stroma. The bubbles of gas are gradually removed from the tissue by the
endothelial cell pump.

The major advantages of the femtosecond laser are the ability to create the track from the inside
out thus reducing the postoperative chances of infection. In addition, it provides the ability to make
a consistent depth track at 70-80% of corneal thickness.

PRIOR TO INTRALASE DISSECTION OF INTACSTM TRACKS

1. Preoperative pachymetry, topography and refraction
2. Mark pupil center and center Intralase on that point
3. Decide on incision site (avoid superior as increased risk of neovascularization)
4. Choose thickness of Intacs™ based upon spherical equivalent
5. Often place two Intacs™ even if only one thought to be required—easy to remove one

postoperatively.

Intacs™ are made of polymethylmethacrylate and have a crescent-shaped arc length of 150 degrees
with an inner diameter of 6.8 mm and an outer diameter of 8.1 mm. The thickness ranges from 0.25
to 0.45 mm.

NOMOGRAMS

Various nomograms exist:6-8 These are related to both the diameter of the tract and size of the Intacs™.
Most groups vary between using an inner diameter of 6.6 mm minimum and a maximum outer
diameter of 8.2 mm. The tighter the diameter of the track, the greater the effect gained from the
procedure. Complications (peripheral haze, tract deposits and displacement of the Intacs™) however,
have been increasingly found with tighter tracts compared to those which are wider. Though intuitive
that adjustments should be made in the thickness of the tract to suit the thickness of the individual
Intacs™ used. Most studies use one standard size of tract irrespective of the size of Intacs™—this
may have an effect upon the efficacy of each treatment.
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CHOICE OF SIZES

Oval cones: asymmetric segments
Nipple cone: symmetric segments
Mild cone: single segment

Increasingly one large segment is often used, i.e. 0.45 mm inferiorly—this has the function to
thicken the thinned area of cornea and push the cone upwards. Various groups have published the
benefits in improving postoperative vision by removing the superior segment in those cases with
dual segment insertion. A recent report of two cases with IntacsTM placed in a vertical position
rather than a horizontal position to thicken the temporally thinned cornea and displaced cone assisted
in pushing the cone nasally. This also demonstrates the flexibility and ease of positioning of the
implants using the femtosecond laser.9

Surgical Outcomes
Colin reported the results from a 100 cases of consecutive eyes at two years. 80.5% and 68.3%
showed improvement in uncorrected and best corrected visual acuity respectively. Mean spherical
equivalent improved from -6.9+/- 3.9 to -3.8 +/-2.7 D at year two.10 A recent study of 118 eyes of 69
patients by Ertan demonstrated at one year 81% improvement in UCVA and 74% improvement in
BCVA with mean spherical equivalent improved from -7.6 D to -3.7 D.11 A head to head analysis of
results from the mechanical compared to the femtosecond insertion of Intacs™ demonstrated better
results using the femtosecond over the mechanical method, most of these benefits did not however
reach statistical significance.12

Complications
UNDERCORRECTION

Induced regular astigmatism in early period which usually regresses by 6 months.
Residual myopia requiring CL fitting or possibly amenable to phakic IOL.
Surface laser ablation with or without cross-linking is a possible adjunctive therapy to those not

tolerant of CL wear.

OVERCORRECTION

It is possible to induce astigmatism by a large superior segment causing over flattening to the superior
segment. The easiest way to address this is to remove the superior segment.

NEOVASCULARIZATION

Limbal neovascularization is common in cases of chronic contact lens wear, this is often more apparent
in the superior cornea (Figure 7-1). It is best to avoid this region for insertion of the Intacs™ to
avoid inducing inflammation in this point and possible subsequent neovascularization.

MIGRATION OF AN INTACS™ SEGMENT

Intacs™ can move particularly in the early period after insertion. It is important to ensure that the
segment is moved adequately from the insertion site to prevent pouting of the wound and possible
extrusion or induced inflammation.
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FIGURE 7-1: Neovascularization in an Intacs channel.

EXTRUSION

This can occur even many years after surgery, in a progressive condition such as keratoconus this is
a more likely event. Infection can also result in extrusion and removal of the Intacs™ is advocated in
most cases as part of the therapeutic intervention.13

OTHER COMPLICATIONS

A range of other less important complications can occur such as the development of deposits and
epithelial plugs within and haze around the tunnels—these complications were found to be more
common in where the channel was narrower with tighter fitting segments.6, 11, 14, 15

Predictability
The procedure is not as yet very predictable with similar treatments producing quite a varied
range of results between patients. This may be related to both variation in each individual
pathological eye and also implantation techniques and position. As the femtosecond laser tracks are
highly reproducible variation is probably more related to the differences between each pathological
eye.

Stability
Postoperatively there is often induced regular astigmatism caused by the implanted Intacs™
which gradually settles over the first 6 months. After 6 months, stability appears good however it is
as yet unknown how keratoconus progression is affected in the long-term (Figures 7-2A to C).
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FIGURE 7-2A: Preoperative.

FIGURE 7-2B: 2 weeks post-Intacs™.
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FIGURE 7-2C: 6 months post Intacs™.

FIGURES 7-2A TO C: The three sets of Orbscan measurements above demonstrate the improvement in corneal
topography possible through Intacs™ treatment. The initial change in corneal shape is most marked at two weeks, with
almost 9 diopters present of with the rule astigmatism. This astigmatism reduces and stabilises over a 6 month period
to 5 diopters of with-the-rule astigmatism.
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Introduction
Keratoconus is a non-inflammatory corneal disease that develops progressive thinning and anterior
bulging of the cornea. Corneal ectasia frequently induces varied degrees of myopia and/or
astigmatism.1 In early stages, spectacles and contact lenses are the treatment of choice.2-4 However,
a considerable amount of patients with progressive keratoconus have not only reduced visual acuity
with spectacles due to irregular astigmatism,5,6 but also reduced tolerance to contact lenses.7-10

Before the advent of modern refractive surgery techniques, penetrating keratoplasty (PKP) or
deep anterior lamellar keratoplasty (DALK) were the treatment of choice when a patient with
keratoconus became contact lens intolerant or had poor best-spectacle corrected visual acuity (BSCVA).
This is still true in advanced stages of the disease, where severe thinning and/or corneal scarring
occurs. Because refractive anisometropia and high postoperative astigmatism are common problems
after penetrating keratoplasty (PKP), visual rehabilitation and return to binocular function may be
slow.11-15 Moreover, complications related to corneal transplant surgery itself, such as endophthalmitis
or rejection episodes, should also be taken into account.16-21 Therefore, in early stages of keratoconus,
when the central cornea remains clear, other options should be considered to avoid or delay
keratoplasty.

With the exception of some anecdotal reports, corneal incisional (radial keratotomy, or arquate
keratotomy) and ablational refractive approaches such as PRK or LASIK are contraindicated in
keratoconus, as they increase the risk of progressive, irreversible corneal ectasia.22-25 Available
refractive procedures include intrastromal corneal ring segments, and toric phakic intraocular lenses
(TPIOLs). The main goal of these procedures is to provide enough BSCVA, and sometimes uncorrected
visual acuity (UCVA), to postpone the need for a corneal transplantation.

Intracorneal rings provide structural reinforcement of the cornea, and reshape and center cornea’s
optical zone, improving topographic abnormalities (irregular astigmatism), quality of vision, and
visual acuity (Figure 8.1).26-29 Intracorneal rings act as spacing elements that shorten the arc of length
of the anterior corneal surface and flatten the central cornea, which reduce myopic spherical
equivalent.30-32 However, they only correct a limited range of myopia, and high refractive errors
may remain. Residual refractive errors may be corrected with spectacles or soft contact lenses.33

TPIOLs have also been implanted after ICRS.34-36

PIOLs have been used to correct moderate and high myopia, hyperopia and /or astigmatism.
There are also a few reports on their use in patients with keratoconus.37-39 The implantation of PIOLs
has been reported to be a stable, predictable and safe refractive procedure.40-50 This chapter deals
with the use of TPIOLs for the correction of spherical errors (usually myopia) and astigmatism in
patients with keratoconus.

Indications
Recommended inclusion and exclusion criteria are summarized in Table 8-1. Being sure that
keratoconus is stable is not an easy issue. Keratoconus is a progressive disease that starts around
puberty, generally progresses slowly during early years, and usually stabilizes in the third and
fourth decade of life.1 However, it may move at any moment throughout life.51 It has been generally
accepted that a patient older than 25 years old who shows stability on keratometry and refraction
for more than six months can be considered for PIOL implantation.39 Moreover, if refraction changes
in the future, PIOL might be exchanged for another one.
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FIGURES 8-1A TO D: Patient seeking for refractive surgery that is diagnosed of keratoconus suspect. Preoperative
BSCVA was 20/25 with -3.50 D. Ablational procedures are contraindicated and we decide to implant intrastromal
corneal ring segments (ICRS) (Intacs, Contact Addition Technology, CA). (A) Preoperative Orbscan topography showing
an increased posterior surface elevation, and a thin cornea. (B) Postoperative Orbscan topography showing the effect
of flattening of the anterior surface of the cornea, thus decreasing the refractive power of the cornea. (C) Clinical
photograph of the ICRS. UCVA was 20/25 and BSCVA was 20/27 with 85° -0.75 -0.25. (D) Anterior segment OCT
image of the ICRS between the stromal collagen fibers of the cornea. Intacs should be implanted at 70% of the mid-
periphery depth of the cornea.

TABLE 8-1: Generally recommended inclusion and exclusion criteria for implantation of phakic intraocular lenses
Inclusion criteria

• Age > 21 years
• BSCVA > 20/6039 or 20/80
• Stability of refraction at least 1 year
• Unsatisfactory vision with/intolerance of contact

lenses or spectacles
• Clear cornea
• Irido-corneal angle ≥ 30°
• cECC > 2300 cells/mm2:

(> 2500 cells/mm2 if >21 years old,
> 2000 if >40 years old)

• No anomaly of the iris or pupil function
• Scotopic pupil size < 5-6 mm
• Toric PIOL if astigmatism > 2 D

Exclusion criteria
• Background of active disease in the anterior segment
• Recurrent or chronic uveitis
• Any form of clinically significant cataract
• Previous corneal or intraocular surgery (to be

evaluated)
• IOP > 21 mmHg or glaucoma
• Preexisting macular degeneration or macular

pathology
• Abnormal retinal condition
• Systemic diseases (e.g., autoimmune disorder,

connective tissue disease, atopia, diabetes mellitus)
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Some authors have proposed UV-A irradiation-induced corneal collagen cross-linking (CCL) as a
first step to stop the progression of keratoconus.52-56 Also, although the role of ICRS in stopping the
progression of keratoconus is still controversial, some authors have implanted first the rings and
then the TPIOL with a similar goal.

High astigmatism is frequently found in patients with keratoconus. Generally, if astigmatism is
> 2 D a toric PIOL is recommended. Currently, there are two toric PIOLs available in the market: the
anterior chamber iris-claw Artisan® (Ophtec B.V., Groningen, The Netherlands) – Verisyse® (AMO,
Santa Ana, CA) toric PIOL (Figure 8-2A), and the posterior chamber toric Implantable Contact Lens
(ICL, STAAR Surgical AG, Monrovia, CA). The toric Artiflex (Ophtec, Groningen, The Netherlands)
has undergone phase III clinical trials and will be available for use in the next few months. Iris-claw
PIOLs’ fixation system allows for unique rotational stability, and are our lenses of choice for the
correction of astigmatism. Moreover, the “one-size-fits-all” overall diameter of 8.5 mm prevents
complications due to sizing errors that may occur with angle-supported or sulcus-supported PIOLs.
Table 8-2 summarizes available powers of TPIOLs.

FIGURES 8-2A TO C: (A) Toric phakic Artisan/Verisyse phakic IOL implanted at 140°. (B) Slightly insufficient vaulting
(< 250 µm) probably due to a too short ICL. (C) Excessive vaulting (> 750 µm) due to a too long ICL. However, both
lenses are in the “safe” range of 90 µm to 1000 µm.

TABLE 8-2: Available powers of toric phakic intraocular lenses FDA approved and/or with CE mark

Trademark FDA/CE Material Power (D) OD (mm) TD (mm)

Verisyse/ +/+ PMMA Sphere +12 to -23.5, 5 8.5
Artisan Cyl +1 to +7

Veriflex/ -/+ PMMA haptics  Myopia – 2 to – 14.5 6 8.5
Artiflex Polysiloxane optic Cyl up to 5 D

ICL +/+ Collamer Myopia – 3 to – 23.0, 4.65 to 5.5 11.5 to 13.0
Cyl +1 to +6

OD = optic diameter; TD = total diameter; AC = anterior chamber; PC = posterior chamber; ICL = Implantable Collamer
Lens; D = Diopters; Cyl = cylinder
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LENS POWER CALCULATION AND CHOOSING THE DIAMETER OF THE LENS

TPIOL power calculations may be difficult in those cases that, due to the high refractive error and
corneal irregularities, show low repeatability between preoperative keratometric and objective
refraction measurements.39,57 Moreover, if any refractive error remains after PIOL implantation, no
further enhancement by excimer laser is possible. Thus, keratoconic patients need to be informed
that, in case residual ametropia exists after PIOL surgery, spectacles might be needed postoperatively
to perform some activities such as night driving.
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For iris-claw PIOLs’ power calculation, the Van der Heijde formula58,59 is used, and includes
patient’s refraction, keratometry and adjusted ultrasound anterior chamber depth (ACD). Based on
this formula, the manufacturers provide nomograms or software to calculate the PIOL required
power. The iris-claw PIOL has an overall diameter of 8.5 mm.

For the calculation of the ICL power, the majority of users employ the formula proposed by
Feingold and Olsen,60,61 which uses patient’s refraction from the 12 mm spectacle plane or the vertex
refraction, keratometry, and adjusted ultrasound central ACD. Based on this formula, the
manufacturers provide nomograms or softwares to calculate the PIOL required power at the ciliary
sulcus plane.

The ICL’s overall diameter depends on the ciliary sulcus diameter and the ACD, and should
provide perfect stability with no excess of compression forces to the sulcus, and allow for a correct
‘vaulting’ (Figures 8-2B and C). The ‘vault’ is the distance between the posterior surface of the ICL
and the anterior surface of the cristaline lens, and should be > 100 µm and < 900 µm. An excessive
vaulting (> 1000 µm) due to a too long ICL may cause angle-closure, pupil block glaucoma, or
pigment dispersion glaucoma. On the other hand, insufficient vaulting (< 90-100 µm) due to a too
short ICL increases the risk of cataractogenesis due to the contact between the posterior surface of
the ICL and the anterior surface of the crystalline lens.62-68 Before the development of ultrasound
biomicroscopy (UBM) no system was available to determine the internal diameter of the ciliary
sulcus. This evaluation was approximate and based on a white-to-white (WTW) measurement. ICL’s
diameter is oversized 0.5 mm from the WTW measurement in myopic eyes, and same-length in
hyperopic eyes. However, recent studies demonstrate that there is no anatomical correspondence
between external measurements and internal dimensions.69-72 Therefore, WTW distance alone may
not predict either angle or sulcus size, causing some of the problems observed with anterior chamber
angle-supported or posterior chamber PIOLs.

Step-by-Step Surgical Technique
PMMA IRIS-CLAW TPIOLS

For the Artisan®-Verisyse® PIOL implantation procedure retrobulbar or peribulbar anesthesia is
generally recommended, even though some surgeons prefer topical or general anesthesia. Toric
Artisan®-Verisyse® implantation requires careful preoperative marcation of the axis of implantation.
Marcation of the axis should be performed preoperatively at the slit lamp, with an ophthalmometer,
or in the Argon laser, to avoid implantation errors due to cyclotorsion and/or position changes
induced by the retro or peribulbar anesthesia injection. There are two models of Toric Artisan®-
Verisyse®: one with the torus at 0°, and the other with the torus at 90°, so the implantation is always
performed close to the horizontal or vertical axis, depending on surgeon’s preference.

According to our recommended technique, a two-plane, 5.2 mm posterior corneal incision is
centered 90° apart the axis of enclavation. Alternatively, a scleral incision may be used. Wound
construction is important to minimize induced astigmatism or wound leaks. Two paracenteses are
constructed directed vertically towards the area of enclavation. The pupil should be constricted so
as to protect the crystalline lens from the contact with the PIOL or surgical instruments during the
surgery. This can be achieved either instilling 1% pilocarpine preoperatively or injecting acetilcholine
(Myochol, Ciba Vision) in the anterior chamber at the beginning of the procedure.

The center of the pupil should be marked so as to enable proper centration of the optic of the
PIOL over the pupil. Pupil’s marcation should be done before instilling 1% pilocarpine or injecting
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acetilcholine in the anterior chamber, as pupil’s decentration after pharmacologically induced myosis
is not uncommon. After the anterior chamber is filled with a cohesive viscoelastic material, the lens
is introduced and rotated 90 degrees up to the axis of enclavation. The TPIOL is fixed with an
enclavation needle that pushes the iris into both claws. The needle is introduced through one of the
paracentesis and holds the fold of iris while the lens is slightly depressed with the implantation
forceps so that the claws will automatically grasp the iris. Then, hands are switched and the same
maneuver is performed through the other paracentesis. Both the fixation of the iris claws and the
proper centration and orientation of the PIOL over the pupil should be checked before the next step,
which is one of the main advantages of this PIOL style. It is not unusual to have a mild ovalization
of the pupil because of the effect of the miotic. If the lens is not well centered or oriented, the lens
enclavation can be released by pushing in the central portion of the claw with the enclavation needle,
reversing the previous steps.

A peripheral iridectomy should always be performed to prevent pupillary block. Alternatively,
Nd:YAG laser can be used preoperatively to create two small iridotomies 90° apart. The wound is
then sutured with five interrupted 10-0 nylon stitches. The proper tension of the sutures may be
checked with our standard qualitative Maloney keratoscope, or a quantitative projection keratometer
installed at the operating microscope (Figure 8-3). Beginning at week 4, and over a period of
3 months, sutures are selectively removed, depending on the patient’s refractive and topographic
astigmatism.

FIGURES 8-3A TO H: Toric Verisyse phakic IOL implantation (A) Preoperative marcation of the axis of implantation. (B)
Surgical caliper measuring 5.2 mm incision. (C) Two vertical paracentesis directed towards the site of enclavation are
performed. (D) A two-plane, 5.2 mm posterior corneal incision is centered 90° apart the axis of implantation. (E) Pupil
constriction is achieved by injecting acetylcholine (Myochol, Ciba Vision) in the anterior chamber. The anterior chamber
is filled with a cohesive viscoelastic material, the lens is introduced by means of a special forceps and rotated 90
degrees into a horizontal position. (F) Enclavation process. The enclavation needle is introduced through one of the
paracentesis and holds the fold of iris and the claws automatically grasp the iris. (G) A peripheral iridectomy using
scissors is performed to prevent pupil block. (H) The wound is then sutured with five interrupted 10-0 nylon stitches.

FOLDABLE IRIS-CLAW TPIOLS

Artiflex® TPIOL implantation may be performed under retrobulbar or topical anesthesia. As in all
TPIOLs, Toric Artiflex® implantation requires careful preoperative marcation of the axis of
implantation. A 3.1 mm incision is required, which corresponds to the width of the PMMA haptics
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(3.0 mm). The incision is placed 90° apart the site of enclavation, and two vertical paracenteses are
directed towards the area of enclavation. The Artiflex® lens is inserted using a specially designed
spatula, and the process of enclavation is the same as for the PMMA lens. The only difference is that
the lens is grasped with the implantation forceps by the base of the haptic instead of by the edge of
the optic. Iridectomy should also be performed. The incision is usually water-tight, but we prefer to
suture it with a 10/0 Nylon suture (Figure 8-4).

IMPLANTABLE COLLAMER LENS

The correct loading of the ICL in the cartridge and the injector is essential for a correct and easy
implantation. Using a modified McPherson forceps, or Aus der Ar coaxial forceps, with long, blunt,
curved tips, the lens is carefully grasped and checked under the operating microscope. The ICL has
two tiny holes on the footplates (distal-right and proximal-left) that allow correct anterior-posterior
orientation of the lens. The cartridge is filled with viscoelastic material. The lens is loaded with the
dome up, taking special care in correctly position the haptics so as not to rupture them during the
injection. A piece of soft material, the Staar Foam-tip, is positioned to protect the ICL from contact
with the plunger of the shooter. Additionally, some surgeons recommend inserting the tip of a wet
surgical microsponge between the foam-tip and the ICL to further protect the optic and the haptics.

As with the other TPIOLs, Toric ICL implantation requires careful preoperative marcation of the
axis of implantation (Figure 8-5). Broad pharmacological mydriasis is essential for implantation. For
Toric ICL’s, a temporal sub-3.00 mm incision is preferred. One side-port incision of about 1 mm and
separated 90° from the main incision is created. Some surgeons prefer two paracentesis to enable
easier implantation of the haptics in the sulcus. The anterior chamber is filled with a cohesive, low-
viscosity viscoelastic to protect the endothelium and the crystalline lens from surgical trauma, and
to create enough space in the anterior chamber for surgical manipulation. The cartridge is inserted
bevel-down, and the lens is then carefully injected. It is essential to control the unfolding of the lens,
so as to twist the bevel right or left to assure the correct orientation of the lens. Finally, the haptics
are gently pushed under the iris with a blunt spatula. When the correct centration of the ICL and the
position of the haptics in the ciliary sulcus is checked, acetylcholine is injected in the anterior chamber

FIGURES 8-4A AND B: Enclavation process of the Artiflex/Veriflex phakic IOL. (A) The enclavation
needle is introduced through one of the paracentesis and holds the fold of iris while the lens is
grasped with the implantation forceps by the base of the haptic. (B) Hands are switched and the
same maneuver is repeated to enclavate the other claw. The white line shows the axis of enclavation.
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FIGURES 8-5A TO D: (A) The Toric ICL has two orientation marks that have to fit with the selected
axis of implantation. (B) Clinical photograph of the toric ICL phakic IOL implanted at 15°. (C) Clinical
photograph of the toric ICL phakic IOL. Notice the two superior Nd:YAG laser iridotomies 90° apart,
to prevent pupillary block. (D) In this case, a superior iridectomy was surgically performed.

to constrict the pupil. Complete extraction of the viscoelastic, as in any intraocular surgery, is
mandatory to avoid postoperative ocular hypertension (Figure 8-6). A peripheral iridectomy should
be performed to prevent pupil block, either with scissors or with a vitrector.73 Alternatively, two
Nd:YAG laser iridotomies are performed in the peripheral iris one week preoperatively (single
burst, 3-10 mJ). These generally measure 250 to 500 μm and are located superiorly, 90° apart, thus
being covered by the upper eyelid (Figure 8-5). Finally, the incision is hydrated. Zaldivar, et al
described the use of an argon-green laser prior to applying the Nd:YAG spots, in order to decrease
iris bleeding and pigment deposition on the phakic IOL (50- μm spot size, 650 to 1000 mW power,
0.2-0.5 second duration).74

Results
Five-year follow-up data of implantation of Verysise™ TPIOLs in 30 eyes of 17 patients with moderate
to high astigmatism who presented corneal topography (Orbscan topographer, Bausch and Lomb.
Rochester, NY, USA) compatible with keratoconus or forme fruste keratoconus are reported herein.
All patients were fully informed about the details and possible risks of the specific procedure,
alternative refractive options and their respective benefits and risks. Written informed consent was
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FIGURE 8-6: Implantation of the ICL. (A-D) Loading of the ICL in the cartridge. (A) Using a modified McPherson forceps,
the lens is checked under the operating microscope. The two tiny holes on the footplates must be oriented distal-right
and proximal-left. (B and C) The lens is loaded with the dome up. (D) A piece of soft material, the Staar Foam-tip, is
positioned to protect the ICL from contact with the plunger of the shooter. (E) Broad pharmacological mydriasis is
essential for implantation. The anterior chamber is filled with a cohesive viscoelastic, and the cartridge is inserted
bevel-down. (F) The lens is carefully injected. (G and H) The haptics are gently pushed under the iris with a blunt
spatula.

obtained from all patients before surgery in accordance with the tenets of the Declaration of Helsinki.
All eyes were operated by the same surgeon (JLG). No intraoperative complications were
encountered. Table 8-3 shows baseline characteristics of this group of 30 keratoconic eyes.

REFRACTIVE OUTCOME

Mean (± standard deviation) spherical equivalent (SE) and cylinder before TPIOL surgery were
-7.29 ± 7.82 D and -3.36 ± 1.02 D, respectively. After 5 years, they were -0.11 ± 0.22 D and -0.38 ± 0.42
D, respectively (Figure 8-7). Table 8-3 summarizes refractive data at baseline and at 5 years after
surgery. Mean ± SD (p value resulting from Wilcoxon signed rank tests) are reported. Although
keratoconus may be a progressive corneal ectasia and, as a result, refraction may change over time,
SE and cylinder remained stable over the 5 years of follow-up in our group of keratoconic eyes
(Wilcoxon signed rank tests; p>0.05). All the eyes were within 1 D of intended spherical equivalent,
and 27 eyes (90%) were within 0.5 D of intended spherical equivalent.

FIGURE 8-7: Stability of spherical equivalent and cylinder after
TPIOL implantation throughout the 5-year follow-up period.
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TABLE 8-3: Baseline characteristics and 5 years fter implantation of
the toric Artisan-Verisyse PIOL.

Preop 5 years postop

Mean ± SD SE (D) -7.29 ± 7.82 -0.11 ± 0.22
(range) (+9.5 to -22) (+0.2 to -0.5)

Mean ± SD cylinder (D) -3.36 ± 1.02 -0.38 ± 0.42
(range) (-1.25 to -6.0) (0 to -1)

Mean UCVA < 20/400 20/27
(range) (20/60 to 20/20)

Mean BSCVA 20/30 20/25
(range) (20/100 to 20/22) (20/60 to 20/20)

Mean ± SD cECC 2822 ± 393.33 2320 ± 299.34
(range) (cells/mm2) (2071 to 3576) (1962 to 2705)

SD = standard deviation; SE = Spherical equivalent; D = diopters; BSCVA=
best spectacle-corrected visual acuity; cECC = central endotelial cell count.

FIGURE 8-8: Number of eyes that gained or lost lines of
best-spectacle corrected visual acuity.

VISUAL ACUITY, EFFICACY INDEX AND SAFETY INDEX

Table 8-3 summarizes mean UCVA and BSCVA at baseline and at 5 years after surgery. None of the
eyes lost any line of BSCVA, and 26/30 (86.67%) gained at least one line of BSCVA (Figure 8-8).
Efficacy index (ratio between the mean postoperative UCVA and the mean preoperative BSCVA)
was 1.17 and safety index (ratio between the mean postoperative BSCVA and the mean preoperative
BSCVA) was 1.08.

ENDOTHELIAL CELL COUNTS

Endothelial cell count decreased from 2822 ± 393.33 cells/mm² to 2320 ± 299.34 cell/mm², which
means a decrease of 8 ± 17% (Figure 8-9). This decrease was statistically significant at each milestone
of the follow up when compared to baseline (Wilcoxon signed rank tests; p<0.05), but showed no
statistically significance when compared to the previous time point (Wilcoxon signed rank tests;
p>0.05). Table 8-4 shows preoperative cECC and at each interval of follow-up.

Discussion and Conclusions
This series of eyes shows that implantation of toric Artisan-Verisyse toric PIOLs is an effective and
safe procedure for the correction of astigmatism in patients with keratoconic corneas. Although
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TABLE 8-4: Preoperative and postoperative central endothelial
cell count (cECC)

Central endotelial cell count (cells/mm2)
Mean ± Standard deviation

Preoperatively 2822 ± 393

1 year 2521 ± 390

2 years 2518 ± 337

3 years 2483 ± 573

4 years 2478 ± 354

5 years 2320 ± 299

FIGURE 8-9: Endothelial cell count showed 8% decrease at
5 years.

keratoconus may be a progressive corneal ectasia and, as a result, refraction may change over time,
SE and cylinder remained stable over the 5 years of follow-up in our group of keratoconic eyes. This
may be explained by the fact that we usually perform this surgery in mild to moderate forms of KC,
and once we have confirmed that the refraction is stable.

Most of our patients were seeking for refractive surgery, and the corneal abnormality was
diagnosed when performing the Orbscan topography, which is part of the standard preoperative
work-up. The rest were patients previously diagnosed of KC who were not satisfied with the visual
acuity and optical quality achieved with spectacles and/or rigid gas-permeable contact lenses (RGPCL).
It is well known that BSCVA with spectacles is often unsatisfactory in patients with KC, specially
when anisometropia and high astigmatism is present.6,75,76 RGPCL may provide better BSCVA even
if significant irregular astigmatism is present.77-79 However, 27% of chronic CL users become intolerant.
When BSCVA is not adequate, or patients do not want to wear RGPCL, surgical intervention may be
required to achieve optimal visual rehabilitation.7-10 In our series, both UCVA and BSCVA improved
after surgery.

The fact that the decrease in corneal endothelial cell count was only statistically significant
when compared to baseline suggests that the endothelial cell loss observed is mostly related to the
surgical procedure and not to the presence of the TPIOL in the anterior chamber. Nevertheless,
longer follow-up is needed to clarify this later statement. Additionally, patients with keratoconus
need to be advised against rubbing their eyes, as it is one of the factors for endothelial cell loss after
anterior chamber phakic IOL implantation,40 and it has also been related with progression of
keratoconus.80-82

In conclusion, implantation of toric PIOLs is a safe procedure that provides excellent visual
outcomes in patients with keratoconus, and enables the delay of keratoplasty.



70

Keratoconus Surgery and Cross-linking

References
1. Rabinowitz YS. Keratoconus. Surv Ophthalmol 1998;42:297-319.
2. Riddle HK, Parker DA, Price FW. Management of postkeratoplasty astigmatism. Curr Opin Ophthalmol 1998;9:15-

28.
3. Chastang PJ, Borderie VM, Carvajal-Gonzalez S, et al. Prediction of spectacle-corrected visual acuity using

videokeratography. J Refract Surg 1999;15:572-9.
4. Speaker MG, Cohen EJ, Edelhauser HF, et al. Effect of gas-permeable contact lenses on the endothelium of corneal

transplants. Arch Ophthalmol 1991;109:1703-6.
5. Busin M, Arffa RC, Zambiachi L, et al. Effect of hinged lamellar keratotomy on postkeratoplasty eyes. Ophthalmology

2001;108:1845-51; discussion 1851-2.
6. Vajpayee RB, Sharma N, Sinha R, et al. Laser in-situ keratomileusis after penetrating keratoplasty. Surv Ophthalmol

2003;48:503-14.
7. Lim N, Vogt U. Characteristics and functional outcomes of 130 patients with keratoconus attending specialist

contact lens clinic. Eye 2002;16:54-9.
8. Geerards AJ, Vreugdebhil W, Khazen A. Incidence of rigid gas-permeable contact lens wear after keratoplasty for

keratoconus. Eye Contact Lens 2006;32:207-10.
9. Espana EM, Tseng SC. Analysis of contact lens intolerance by exploring neuroanatomic integration of ocular

surface defense. Cont Lens Anterior Eye 2003;26:131-7.
10. Glasson MJ, Stapleton F, Keay L, et al. Invest Ophthalmol Vis Sci 2003;44:5116-24.
11. Thompson RW Jr, Price MO, Bowers PJ, Price FW. Long-term graft survival after penetrating keratoplasty.

Ophthalmology 2003;110:1396-1402.
12. Lim L, Pesudovs K, Coster DJ. Penetrating keratoplasty for keratoconus: visual outcome and success. Ophthalmology

2000;107:1125-31.
13. Brooks SF, Johnson D, Fischer N. Anisometropia and binocularity. Ophthalmology 1996;103(7):1139-43.
14. Perlman EM. An analysis and interpretation of refractive errors after penetrating keratoplasty. Ophthalmology

1981;88:39-45.
15. Perl T, Charlton KH, Binder PS. Disparate diameter grafting. Astigmatism, intraocular pressure, and visual acuity.

Ophthalmology 1981;88:774-81.
16. Kruse FE, Cursiefen C. Surgery of the cornea: corneal, limbal stem cell and amniotic membrane transplantation.

Dev Ophthalmol 2008;41:159-70.
17. Frost NA, Wu J, Lai TF, Coster DJ. A review of randomized controlled trials of penetrating keratoplasty techniques.

Ophthalmology 2006;113(6):942-9.
18. Chang DH, Hardten DR. Refractive surgery after corneal transplantation. Curr Opin Ophthalmol 2005;16(4):251-

5.
19. Taban M, Behrens A, Newcomb RL, et al. Incidence of acute endophthalmitis following penetrating keratoplasty:

a systematic review. Arch Ophthalmol 2005;123(5):605-9.
20. Patel HY, Omonde S, Brookes NH, et al. The indications and outcome of paediatric corneal transplantation in New

Zealand: 1991-2003. Br J Ophthalmol 2005;89(4):404-8.
21. Panda A, Vanathi M, Kumar A, et al. Corneal graft rejection. Surv Ophthalmol 2007;52(4):375-96.
22. Randleman JB, Woodward M, Lynn MJ, Stulting RD. Risk assessment for ectasia after corneal refractive surgery.

Ophthalmology 2008;115:37-50.
23. Randleman JB, Russell B, Ward MA, et al. Risk factors and prognosis for corneal ectasia after LASIK. Ophthalmology

2003;110:267-75.
24. Randleman JB, Trattler WB, Stulting RD. Validation of the Ectasia Risk Score System for preoperative laser in situ

keratomileusis screening. Am J Ophthalmol 2008;145:813-8.
25. Binder PS. Analysis of ectasia after laser in situ keratomileusis : risk factors. J Cataract Refract Surg 2007;33:1530-8.
26. Colin J. European clinical evaluation: use of Intacs for the treatment of keratoconus. J Cataract Refract Surg

2006;32:747-55.
27. Colin J, Cochener B, Savary G, Malet F. Correcting keratoconus with intracorneal rings. J Cataract Refract Surg

2000;26:1117-22.
28. Colin J, Cochener B, Savary G, et al. INTACS inserts for treating keratoconus; one-year results. Ophthalmology

2001;108:1409-14.
29. Siganos D, Ferrara P, Chatzinikolas K, et al. Ferrara intrastromal corneal rings for the correction of keratoconus.

J Cataract Refract Surg 2002;28:1947-51.
30. Holmes-Higgin DK, Burris TE. Corneal surface topography and associated visual performance with Intacs for

myopia: phase III clinical trials results. The Intacs Study Group. Ophthalmology 2000;107:2061-71.



71

Toric Phakic Intraocular Lenses for the Correction of Refractive Errors in Keratoconus

31. Schanzlin DJ, Asbell PA, Burris TE, Durrie DS. The intrastromal corneal ring segments; phase II results for the
correction of myopia. Ophthalmology 1997;104:1067-78.

32. Pokroy R, Levinger S. Intacs adjustment surgery for keratoconus. J Cataract Refract Surg 2006;32:986-92.
33. Ucakhan OO, Kanpolat A, Ozdemir O. Contact lens fitting for keratoconus after Intacs placement. Eye contact lens

2006;32:75-7.
34. Kamburoglu G, Etan A, Bahadir M. Implantation of Artisan toric phakic intraocular lens following Intacs in a

patient with keratoconus. J Cataract Refract Surg 2007;33:528-30.
35. Colin J, Velou S. Implantation of Intacs and a refractive intraocular lens to correct keratoconus. J Cataract Refract

Surg 2003;29:832-4.
36. Coskunseven E, Onder M, Kymionis GD, et al. Combined Intacs and posterior chamber toric implantable collamer

lens implantation for keratoconic patients with extreme myopia. Am J Ophthalmol 2007;144:387-9.
37. Moshirfar M, Gregoire FJ, Mirzaian G, et al. Use of Verisyse iris-supported phakic intraocular lens for myopia in

keratoconic patients. J Cataract Refract Surg 2006;32:1227-32.
38. Leccisotti A, Fields SV. Angle-supported phakic intraocular lenses in eyes with keratoconus and myopia. J Cataract

Refract Surg 2003;29:1530-6.
39. Budo C, Bartels MC, van Rij G. Implantation of Artisan toric phakic intraocular lenses for the correction of

astigmatism and spherical errors in patients with keratoconus. J Refract Surg 2005;21:218-22.
40. Güell JL, Morral M, Gris O, et al. Five-year follow-up of 399 phakic Artisan®-Verisyse® implantation for myopia,

hyperopia and/or astigmatism. Ophthalmology 2008;115(6):1002-12.
41. Budo C, Hessloehl JC, Izak M, et al. Multicenter study of the Artisan phakic intraocular lens. J Cataract Refract Surg

2000;26(8):1163-71.
42. Stulting RD, John ME, Maloney RK. US Verisyse Study Group. Three-Year results of Artisan/Verisyse phakic

intraocular lens implantation results of the United States Food and Drug Administration Clinical Trial.
Ophthalmology 2008;115(3):464-72.

43. Pop M, Payette Y. Initial results of endothelial cell counts after Artisan lens for phakic eyes: an evaluation of the
United States Food and Drug Administration Ophtec Study. Ophthalmology 2004;111(2):309-17.

44. Maloney RK, Nguyen LH, John ME. Artisan phakic intraocular lens for myopia: short-term results of a prospective,
multicenter study. Ophthalmology 2002;109(9):1631-41.

45. Gimbel HV, Ziemba SL. Management of myopic astigmatism with phakic intraocular lens implantation. J Cataract
Refract Surg 2002;28:883-6.

46. Uusitalo RJ, Aine E, Sen NH, et al. Implantable contact lens for high myopia. J Cataract Refract Surg 2002;28:29-36.
47. Pesando PM, Ghiringhello MP, Di Meglio G, Fanton G. Posterior chamber phakic intraocular lens (ICL) for hyperopia:

ten-year follow-up. J Cataract Refract Surg. 2007;33(9):1579-84.
48. Sanders DR, Doney K, Poco M. United States Food and Drug Administration clinical trial of the Implantable

Collamer Lens (ICL) for moderate to high myopia: three-year follow-up. Ophthalmology 2004;111:1683-92.
49. Zaldivar R, Davidorf JM, Oscherow S. Posterior chamber phakic intraocular lens for myopia of -8 to -19 diopters.

J Refract Surg 1998;14:294-305.
50. Davidorf JM, Zaldivar R, Oscherow S. Posterior chamber phakic intraocular lens for hyperopia of +4 to +11

diopters. J Refract Surg 1998;14:306-11.
51. Tuft SJ, Moodaley LC, Gregory WM, et al. Prognostic factors for the progression of keratoconus. Ophthalmology

1994;101:439-47.
52. Wollensak G. Crosslinking treatment of progressive keratoconus: new hope. Curr Opin Ophthalmol 2006;17:356-

60.
53. Wollensak G, Spoerl E, Seiler T. Riboflavin/ultraviolet-a-induced collagen crosslinking for the treatment of

keratoconus. Am J Ophthalmol 2003;135:620-7.
54. Caporossi A, Baiocchi S, Mazzotta C, et al. Parasurgical therapy for keratoconus by riboflavin-ultraviolet type A

rays induced cross-linking of corneal collagen: preliminary refractive results in an Italian study. J Cataract Refract
Surg 2006;32:837-45.

55. Tan DT, Por YM. Current treatment options for corneal ectasia. Curr Opin Ophthalmol 2007;18:284-9.
56. Kanellopoulos AJ, Binder PS. Collagen cross-linking (CCL) with sequential topography-guided PRK: a temporizing

alternative for keratoconus to penetrating keratoplasty. Cornea 2007;26:891-5.
57. Davis LJ, Schechtman KB, Begley CG, et al. Repeatability of refraction and corrected visual acuity in keratoconus.

The CLEK Study Group. Collaborative Longitudinal Evaluation of Keratoconus. Optom Vis Sci 1998;75:887-96.
58. Van der Heijde GL. Some optical aspects of implantation of an intraocular lens in a myopia eye. Eur J Implant

Refract Surg 1989;1:245-8.
59. Fechner PU, Van der Heijde GL, Worst JGF. The correction of myopia by lens implantation into phakic eyes. Am

J Ophthalmol 1989;107:659-63.



72

Keratoconus Surgery and Cross-linking

60. Olsen T, Corydon L, Gimbel H. Intraocular lens power calculation with an improved anterior chamber depth
prediction algorithm. J Cataract Refract Surg 1995;21:313-9.

61. Olsen T, Thim K, Corydon L. Accuracy of the newer generation intraocular lens power calculation formulas in long
and short eyes. J Cataract Refract Surg 1995;17:187-93.

62. Lovisolo CF, Reinstein DZ. Phakic intraocular lenses. Surv Ophthalmol 2005;50(6):549-87.
63. Zaldivar R, Ricur G, Oscherow S. The phakic intraocular lens implant: in-depth focus on posterior chamber phakic

IOLs. Curr Opin Ophthalmol 2000;11:22-34.
64. Smallman DS, Probst L, Rafuse PE. Pupil block glaucoma secondary to posterior chamber phakic intraocular lens

implantation for high myopia. J Cataract Refract Surg 2004;30:905-7.
65. Sanders DR, Vukich JA. Incidence of lens opacities and clinically significant cataracts with the implantable contact

lens: Comparison of two lens designs. J Refract Surg 2002;18:673-82.
66. Gonvers M, Bornet C, Othenin-Girard P. Implantable contact lens for moderate to high myopia: relationship of

vaulting to cataract formation. J Cataract Refract Surg 2003;29:918-24.
67. Kohnen T, Kasper T, Buhren J, Fechner PU. Ten-year follow-up of a ciliary sulcus-fixated silicone phakic posterior

chamber intraocular lens. J Cataract Refract Surg 2004;30: 2431-4.
68. Sanders DR, Vukich JA, Doney K, Gaston M. US Food and Drug Administration clinical trial of the Implantable

Contact Lens for moderate to high myopia. Ophthalmology 2003;110:255-66.
69. Apple DJ, Werner L. Complications of cataract and refractive surgery: a clinicopathological documentation. Trans

Am Ophthalmol Soc 2001;99:95-107; discussion 107-9.
70. Werner L, Apple DJ, Pandey SK, et al. Phakic posterior chamber intraocular lenses. Int Ophthalmol Clin 2001;41(3):

153-74.
71. Werner L, Izak AM, Pandey SK, Apple DJ, Trivedi RH, Schmidbauer JM. Correlation between different

measurements within the eye relative to phakic intraocular lens implantation. J Cataract Refract Surg 2004;30:
1982-8.

72. Pop M, Payette Y, Mansour M. Predicting sulcus size using ocular measurements. J Cataract Refrat Surg 2001;27:
1033-8.

73. Davidorf JM, Zaldivar R, Oscherow S. Posterior chamber phakic intraocular lens for hyperopia of +4 to +11
diopters. J Refract Surg 1998;14:306-11.

74. Zaldivar R, Davidorf JM, Oscherow S. The intraocular contact lens. In: Buratto L, Brint SF (Eds). LASIK. Principles
and Techniques. Thorofare, NJ: Slack 1997;401-13.

75. Pesudovs K, Garamendi E, Elliott DB. A quality of life comparison of people wearing spectacles or contact lenses or
having undergone refractive surgery. J Refract Surg 2006;22(1):19-27.

76. Wietharn BE, Driebe WT Jr. Fitting contact lenses for visual rehabilitation after penetrating keratoplasty. Eye
Contact Lens 2004;30(1):31-3.

77. Riddle HK, Parker DA, Price FW. Management of postkeratoplasty astigmatism. Curr Opin Ophthalmol 1998;9:15-
28.

78. Chastang PJ, Borderie VM, Carvajal-Gonzalez S, et al. Prediction of spectacle-corrected visual acuity using
videokeratography. J Refract Surg 1999;15:572-9.

79. Speaker MG, Cohen EJ, Edelhauser HF, et al. Effect of gas-permeable contact lenses on the endothelium of corneal
transplants. Arch Ophthalmol 1991;109:1703-6.

80. McMonnies CW. Abnormal rubbing and keratectasia. Eye Contact Lens 2007;33(6 Pt 1):265-71.
81. McMonnies CW. The biomechanics of keratoconus and rigid contact lenses. Eye Contact Lens 2005;31(2):80-92.
82. Krachmer JH, Feder RS, Belin MW. Keratoconus and related noninflammatory corneal thinning disorders. Surv

Ophthalmol 1984;28(4):293-322.





74

Keratoconus Surgery and Cross-linking

Introduction
Keratoconus, which is marked by the presence of ectasia and thinning of the cornea, induces myopia
and astigmatism. Treatments are available to correct these aberrations, including contact lenses and
spectacles in the early stages of the disease and penetrating keratoplasty (PK) or lamellar keratoplasty
(LK) once the disease progresses to contact lens intolerance. However, the visual outcome after PK
is often limited by high residual astigmatism, sometimes reaching 4.00 to 5.00 D.1-6 Additionally,
keratoplasty requires a long visual recovery time and frequent postoperative follow-up. Other
refractive methods of treatment include arcuate keratotomy, PRK, and LASIK.7

Many surgeons are also exploring the option of using phakic intraocular lenses (IOLs) as an
alternative treatment for keratoconus. These IOLs better treat the keratoplasty-associated astigmatism
left behind with more conservative treatment approaches. Moreover, this IOL modality preserves
accommodation compared to a refractive lens exchange. Recently, I started to implant the Verisyse
toric phakic IOL (Advanced Medical Optics, Santa Ana, CA, USA; also known as Artisan by Ophtec
BV, Groningen, the Netherlands) to correct corneal astigmatism in phakic eyes. This modality of
treatment tends to delay—or possibly even avoid—the need for PK in patients with clear corneas
who are contact lens intolerant. Although contact lenses may be effective in as many as 80% of
patients,8 patients who previously underwent keratoplasty often have topographical abnormalities,
blepharitis, dry eye, and poor manual dexterity. In this population, other solutions are necessary to
treat keratoconus.

The Verisyse toric phakic IOL, with an overall diameter of 8.5 mm and an optical zone diameter
of 5 mm, is an iris-fixated anterior chamber lens with ultraviolet filtration. There are two models
available—in the first, the axis runs through the claws at 0° and in the other, the axis is perpendicular
to the claws at 90°. This provides surgeons with the option to implant the IOL through a superior
incision, allowing optimal implantation in the correct axis. Additionally, its cylindrical power goes
up to 7.00 D, and the spherical power ranges from -3.00 to -23.50 D for myopia and 1.00 to 12.00 D
for hyperopia.1

Case Report
In 1997, a 27-year-old female underwent PK for the treatment of a decompensated keratoconus. Her
BCVA was 20/32, and a high corneal astigmatism (7.60 D) related to the keratoplasty was
unsuccessfully treated with contact lenses or spectacles. We proceeded with implantation of the
Verisyse toric IOL with a power of -3 - 7 × 0° (individually manufactured). The lens was implanted
into the anterior chamber using a sclerocorneal tunnel incision. We noted postoperatively that the
Verisyse was well centered and stable. At 3 months, her UCVA was 20/25; at 6 months, her UCVA
was 20/20, and the IOL remained well centered. This is a typical example of my results with phakic
IOLs, and the literature has also shown that the Verisyse toric phakic IOL provides a stable and
predictable refractive outcome, correcting high ametropia and astigmatism within one single surgical
session.1,8,9

Budo, et al implanted the iris-fixated toric phakic IOL in six eyes (three patients) with keratoconus,
a clear central cornea, and contact lens intolerance.9 Investigators noted that the reduction in spherical
equivalent refraction was significant, with four of the six eyes within ±1.00 D of emmetropia
postoperatively. Additionally, the majority of eyes experienced an improvement in visual acuity
compared with preoperative levels. Tahzib, et al 8 studied toric phakic IOL implantation in 36 eyes
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(35 patients) with contact lens intolerance. In their study, despite two patients with irreversible
graft rejections and one with gradual endothelial decompensation, the vast majority of patients
experienced a reduction of refractive astigmatism (88.8% ± 29.5%) and ametropia (77.8% ± 19.3%).
On a scale of zero to 10, patient satisfaction increased from 3.6 preoperatively to 8.0 postoperatively.

Although we do not expect patients’ refraction to remain stable after phakic IOL implantation,
the need for PK is delayed. Additionally, the use of a phakic IOL, including a toric model, does not
hinder the results of the eventual need for PK or LK for those patients with keratoconus and contact
lens intolerance.10-12

Limitations
The use of a toric phakic IOL for the treatment of keratoconus does have its limitations. For instance,
if a patient has high myopia, use of a toric phakic IOL may induce halos and glare when the patient
is confronted with dim-light conditions.1 Additionally, Budo, et al9 concluded that although the
predictability for spherical errors is high, the predictability for astigmatic errors is only moderate.
Endothelial cell count is also a concern when implanting a toric phakic IOL. We choose not to implant
this lens in patients whose endothelial cell count is below 2000 mm2.

Another drawback to use the toric phakic IOL is incision size. The IOL only fits through an
incision of at least 5.5 mm, which may induce astigmatism. My colleagues and I were able to show
that the surgically induced astigmatism after toric phakic IOL implantation in nondiseased eyes was
0.53 D.9

I would suggest only using this method of treatment in an eye with stable keratometry and
subjective refraction. If the patient does not meet these requirements, such as patients with recently
diagnosed keratoconus or those with progressive keratoconus, consider other options for the
treatment of keratoconus, including LASIK,13 intracorneal rings and segments,14 epikeratoplasty,15

and lamellar keratoplasty.16 Be aware, however, that keratoconus is a contraindication of LASIK
and, therefore, its use for this purpose is limited. Furthermore, although intracorneal rings or segments
reduce astigmatism, the marked reduction is not as great as what toric phakic IOLs offer.1

Conclusion
In some cases, patients may benefit from the use of spectacles or contact lenses to correct astigmatism;
however, when patients become contact lens intolerant, I frequently use the iris-fixated toric phakic
IOL (Verisyse) as an alternative treatment. In my experience, this IOL reduces the patient’s refractive
error and astigmatism to a more manageable level and provides patients with a speedy visual
rehabilitation.

In conclusion, I believe that toric phakic Verisyse implantation is the natural first step to the
treatment of keratoconus and should be done before performing PK, especially in patients with
associated myopia. The risk of endothelial cell loss should not be taken lightly, however, and long-
term follow-up is necessary for patients.
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Introduction
Refractive lens exchange (RLE) entails phacoemulsification of a clear crystalline lens and implantation
in the capsular bag of a pseudophakic intraocular lens (IOL), with the purpose of correcting a refractive
error.1 This technique is currently used when less invasive techniques (i.e. corneal refractive procedures)
are contraindicated because of a high refractive error or to because of a thin or pathologic cornea.
The myopia associated with keratoconus (KC) is therefore an indication to RLE, especially in the
presbyopic age, because RLE causes loss of accommodation.2, 3 Apart from age, the indications are
the same as those for phakic IOLs in KC. Another indication is a high spherical error after penetrating
keratoplasty (PKP) or anterior lamellar keratoplasty (ALK).

The advantages of RLE over phakic IOLs are several:
1. The IOL is implanted in its physiologic place, has no contact with uveal and corneal structures,

does not cause pigment dispersion, inflammation, pupil deformation;
2. The technology is readily available to any cataract surgeon;
3. There is no need for frequent endothelial follow-up as with phakic IOLs;
4. Surgery is definitive and not temporary as with phakic IOLs, which will ultimately need removal

because of age and cataract.

The disadvantages include:
1. Loss of accommodation, which cannot be compensated by a multifocal IOL, which is strongly

contraindicated in KC because of an unbearable summation of aberration;
2. A possible increase of vitreoretinal complications, despite recent optimistic long-term reports.4

We must remember, however, that retinal detachment rate is not very different after phakic IOL
implantation;5

3. With phakic IOLs the IOL power is determined by refraction, whereas with RLE it is determined
by axial length transformed in diopters (D);

4. Posterior capsule opacification is unavoidable in a number of patients, requiring Nd:YAG laser
capsulotomy.

Indications
RLE in myopia and KC is only indicated when corneal astigmatism is not excessively irregular (stages
I – II). Ideally, the patient should have a best-spectacle corrected visual acuity (BSCVA) better than
0.5, which will be obviously improved by the magnifying effect of the elimination of myopia. High
astigmatism (which is never regular in KC) is not a contraindication, but we must remember that biometry
in KC is less than accurate and laser enhancement is not possible: therefore, even if we implant a toric
pseudophakic IOL, we must be prepared to refractive surprises that may impair its final refractive effect.

In normal myopia, RLE is preferred over phakic IOL over the age of 40, but in KC some
considerations are necessary. Toric phakic IOLs, especially if iris-fixated, are rotationally stable and
predictable, whereas RLE in KC has a less precise outcome, and in-the-bag toric IOLs are less stable.
Therefore, phakic IOLs tend to have a better refractive outcome but have a slightly worse safety
profile, especially as for the anterior chamber. We prefer RLE in eyes in which phakic IOLs are
contraindicated for anatomical reasons, eyes showing early lens changes, eyes with refractive
astigmatism <3 D. Refractive and KC stability are required, but are normally present in patients in
the presbyopic age.
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RLE after PKP and ALK has less limitations. A higher degree of astigmatism is not an absolute
contraindication, because laser enhancement or even incisional surgery (astigmatic keratotomy) is
possible after both PKP and ALK. A toric IOL can be used in these cases as well, but most cases of
post-keratoplasty astigmatisms have an irregular component: therefore, biometry and calculation of
the toric component are surely less accurate than in regular corneas.

Preoperative Work-up
Corneal topography is of paramount importance, because it help assessing KC stability and grade.
In addition, an endothelial cell count by means of specular microscopy is mandatory, as KC patients
may have contact-lens induced polymegatism, and post-keratoplasty eyes (even after ALK) may
have a low cell count, discouraging any surgery in the anterior chamber (AC). An altered endothelial
status requires some additional intraoperative attentions, such as protection with an adhesive
ophthalmic viscosurgical device (OVD), but an endothelial cell count with less than 1300-1400 cell/
mm² (especially after PKP in a young patient) is an absolute contraindication to RLE.

IOL power calculation can be carried out by ultrasound biometry, by partial coherence
interferometry (IOL Master, Zeiss Humphrey, USA), or by intraoperative autorefraction. In the 2
first options, the value of keratometry is a vexed question, and it has been proposed to use sim-K
from videokeratography6 or pre-pupillary curvature.

Intraoperative autorefraction is indicated in high myopia, where it yields the best results.7 It is
performed just after the cortical cleaning of the capsular bag, with the anterior chamber reformed
with balanced salt solution (BSS) (Figure 10-1). The value of aphakic spherical equivalent (x) is
directly transformed into the IOL power for emmetropia (y) by the parabolic relation

y = 0.07 x² + 1.27 x + 1.22

as simplified by Table 10-1.7

FIGURE 10-1: Intraoperative autorefraction.
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TABLE 10-1: Spherical equivalent (SE) at intraoperative
aphakic autorefraction (in dioptres) and suggested
intraocular lens (IOL) power to be implanted in the capsular
bag of myopic eyes. The IOL A-constant is 118.2

Autorefraction IOL for emmetropia

–4 –2.5
–3 –1.5
–2 –1
–1 0
0 +1.5

+1 +2.5
+2 +4.5
+3 +5.5
+4 +7
+5 +8.5
+6 +12
+7 +14
+8 +16
+9 +18

+10 +20

Intraoperative autorefraction does not require K readings, but is not very accurate in irregular
corneas and is only recommended in myopia greater than -10 D. In all cases, however, standard
biometry should be performed, in the case intraoperative autorefraction should result impossible
because of vitreous pressure, eyelid squeezing, etc.

A personalized informed consent is crucial. Dissatisfaction usually arises from the comparison
with previous vision with rigid gas-permeable (RGP) contact lenses. Patients should understand
that residual irregular astigmatism can be partially corrected by spectacles, but some activities may
require RGP contact lenses again. The purpose of RLE in KC is ultimately to reduce dependence
from contact lenses and from thick spectacles; in some cases, a useful unaided vision is obtained.
Normally, an idea of the final result can be anticipated to the patient (and to the surgeon) by placing
in a trial frame only spherical lenses, until the best spectacle-corrected visual acuity (BSCVA) is
obtained.

Surgical Technique
Refractive lens exchange is performed by standard phacoemulsification with few modifications, due
to the soft nucleus. Topical anesthesia is in our opinion warranted in calm patients who, during
preoperative examinations, allow eye contact and manipulation without squeezing their eyelids;
peribulbar anesthesia is advised in all other cases. Intravenous sedation is sometimes administered
in anxious patients.

The prevention of endophthalmitis, very rare in young and healthy patients with short surgery,
is based upon complete eyelid and cilia isolation by the plastic drape, by 5% povidone-iodine instilled
in the conjunctival sac 5 minutes before incision, and by avoiding a clear cornea incision; a limbal
incision has the only drawback of some bleeding. The effect of incision location is minimal in modern
phacoemulsification. Theoretically, it should be placed on the steepest meridian derived from subjective
refraction, which in keratoconic eyes does not always correspond to the steepest meridian on
topography. This makes the final effect on refraction quite unpredictable (Figure 10-2).
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FIGURE 10-2: Partial cone flattening after a 5.5 mm limbal
incision on the steepest meridian for phakic IOL implantation.

A sclero-corneal tunnel is made, anterior chamber filled with a cohesive OVD (sodium hyaluronate
[Provisc®]), continuous curvilinear capsulorrhexis performed by forceps, and, after hydrodissection,
the lens nucleus is emulsified with high vacuum and the cortex aspirated. The temptation of using
hydrodissection to push the soft nucleus in the anterior chamber should be resisted, because this
maneuver leads to phacoemulsification in the AC, too near the endothelium, and because (especially
with a small capsulorrhexis) it can cause sudden rupture of the posterior capsule, with dropping of
the nucleus in the vitreous.

When the IOL power is to be decided by intraoperative autorefraction, the AC is reformed with
BSS and autorefraction performed by a hand-held instrument (Nikon Retinomax 2®, Tokio, Japan),
with the patient on the operating bed and the eyelid speculum on. OVD is then introduced in the AC
and the desired IOL is inserted by an injector.

The most common complications of RLE in KC are undercorrection and overcorrection. These occur-
rences should be addressed soon, because laser fine-tuning is not recommended in keratoconic eyes,
and IOL exchange is best performed when the capsular bag is not fibrotic yet. A few months after surgery,
IOL exchange can become dangerous in terms of capsular damage and vitreous loss, and a piggyback
implantation of a second IOL in the ciliary sulcus is the safest option. The calculation of the IOL to be
implanted can be simplified by the following rule (valid both for IOL exchange and for piggyback):8

if a positive error is found, increase IOL power of +1.5 D for every D; if a negative error is found,
decrease IOL power of the same amount (1D for each D).

A sulcus piggyback must have an overall diameter = or > 13 mm for good centration. Piggybacking
with both IOLs in the capsular bag must be avoided, as it may induce interlenticular opacification.
Before IOL exchange, the endothelial status should be checked, and in case of damage from previous
RLE, piggyback should be preferred to IOL exchange.

Results
In a published series of ours, RLE with implantation of a non-toric IOL was performed in 34 eyes of
20 keratoconic patients.3 Mean age was 56.7 years ±10.4 (standard deviation), range 45 to 76 years.
Twenty eyes had keratoconus stage I, and 14 eyes stage II.
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FIGURE 10-3: Scattergram of attempted vs. achieved
correction (spherical equivalent) 12 months after
myopic refractive lens exchange in 34 keratoconic eyes.

Surgery was uneventful in all cases. Preoperative mean spherical equivalent (SE) was –11.0 D
(±4.65 [standard deviation], range -5.75 to –22), at 12 months –1.31 D (±1.08, range –0.25 to –4.5); the
difference is statistically significant (95% CI for the mean of the differences of paired data –8.26 to
–11.18 D) (Figure 10-3).

Preoperative mean defocus equivalent was 12.0 D (±4.64, range 6.50 to 23), at 12 months 1.94 D
(±1.57, range 0.25 to 5.5); the difference is statistically significant (95% CI for the mean of the
differences of paired data 8.63 to 11.46 D). Twenty-two/34 eyes (65%) were within ±2 D of defocus
equivalent; 16/34 (47%) were within ±1 D; 3/34 eyes (9%) were within ±0.5 D.

Preoperative mean refractive cylinder was 1.86 D (±1.39, range 0.5 to 5), at 12 months 1.22 D
(±1.37, range 0 to 4); the difference significant with 95%CI for the mean of the differences of paired
data (0.4 to 0.9 D). Mean surgically induced astigmatism, calculated by vector analysis, was 0.54 D
(±0.43, range 0 to 1.80 D).

Preoperative mean BSCVA was 0.55 (±0.20, range 0.2 to 0.9), at 12 months 0.76 (±0.23, range 0.4
to 1.0); the difference is statistically significant (95%CI for the mean of the differences of paired data
0.19 to 0.25) (Figure 10-4). Mean uncorrected visual acuity (UCVA) at 12 months was 0.48 (±0.25,
range 0.1 to 0.9) (Figure 10-5). Safety index was 1.38; efficacy index was 0.87.

Stability was evaluated by paired comparison of mean defocus equivalent at 3 months (1.78 D)
and at 12 months after surgery (1.95 D). The variation is not statistically significant (95% CI for the
difference between means for paired data: –0.51 to 0.20 D).

Posterior capsule opacification occurred in 6 eyes (17.6%) of 4 patients; Nd:YAG laser was
performed in all cases with full functional recovery.

Dysphotic phenomena were reported by 3/20 patients (15%), consisting especially of light
reflections caused by lateral lights; however patients favorably compared dysphotopsia with halos
generated by rigid gas-permeable contact lenses.

Conclusion
RLE in KC and after keratoplasty is indicated for presbyopic patients with higher spherical errors;
the astigmatism can be addresses either by a toric IOL or, in KC, by intracorneal rings (in this case,
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FIGURE 10-4: Changes in best-spectacle corrected
visual acuity (BSCVA) 12 months after myopic refractive
lens exchange in 34 keratoconic eyes.

FIGURE 10-5: Efficacy of myopic refractive lens
exchange in 34 keratoconic eyes, 12 months after
surgery. Red columns: pre-operative best spectacle-
corrected visual acuity (BSCVA). Blue columns: post-
operative uncorrected visual acuity (UCVA).

ring implantation should precede CLE for a better IOL calculation). Toric IOLs in keratoconus have,
as main disadvantage, the difficulty in determining axis and power of preoperative astigmatism. On
the contrary, RLE after keratoplasty can be enhanced by excimer laser (LASIK or PRK with mitomycin-
C).

When RLE is considered, keratoconus stability is important to maintain long-term refractive
results (as progression would lead to increased corneal myopia), and to reduce the risk of a future
keratoplasty (causing a hyperopic shift by means of a flatter cornea). In both cases, further adjustment
can be achieved by the implantation in the ciliary sulcus of a second (piggyback) IOL. Prolonged
contact lens use can reduce corneal endothelial cell density,9 therefore patient selection must be
accurate, as intraoperative or postoperative IOL exchange may further affect the endothelium.
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Introduction
The advent of automated lamellar therapeutic keratoplasty (ALTK) using an automated microkeratome
and artificial anterior chamber to obtain lamellar cuts of repeatable quality and thickness has changed
lamellar corneal transplantation completely. In addition, the recent introduction of femtosecond
lasers for the creation of lamellar cuts has offered further opportunities.Lamellar surgery has been
practiced in various forms for many years, however ALTK has reduced the dependence on individual
surgeon expertise and has made lamellar keratoplasty more available.

The benefits of lamellar corneal surgery are well recognized and include reduced rejection rates,
increased speed of rehabilitation, reduced suture related problems, reduced postoperative
astigmatism and higher wound tensile strength.

ALTK is relatively simple, reversible, extraocular surgery and has reduced risks of immunologic
reaction. The visual results of lamellar surgery in the form of epikeratophakia have been reported to
be nearly equal or often superior to those of penetrating keratoplasty (PKP).1,2 However, there are a
sparsity of reports on ALTK.

Most techniques involving lamellar surgery for keratoconus involve using manual dissection.
They include Anwar’s big bubble technique,3-6 viscoelastic separation of lamellae7 and Melles’
technique.8 However, all of these techniques have the drawback of an irregular interface (except
with good baring of Descemet in the big bubble technique) and the risk of perforation. An irregular
interface can result in visual compromise. All of these procedures are dependant on the skill of the
surgeon. Even in the hands of experienced surgeons, these procedures can be complicated by micro
or macro perforation in a relatively high number of cases (up to 1 in 3) – which can make conversion
to a PKP necessary.

ALTK triumphs over all these methods in this respect. It is useful for superficial scars,
epithelial and stromal dystrophies. However, it suffers from the need for relatively expensive
instrumentation. However, this instrumentation is becoming cheaper and more available because of
its use for posterior automated lamellar transplantation (Descemet stripping automated endothelial
keratoplasty).

ALTK can be used to produce a lenticule similar to that from epikeratophakia but has many
of the same problems as epikeratophakia such as interface haze, melting and suture related
problems, etc.

In ALTK for keratoconus, the interface remains clear if there was no scarring preoperatively,
although, it is difficult to produce adequate flattening of the ectasia without suturing tightly. Whilst
this can give good results, there is also a fairly high incidence of peripheral corneal melting related
to the tight sutures. The addition of tissue to the ectatic cornea hence has the ability to thicken the
cornea, add some rigidity and flatten the cornea.

Massimo Busin has used this technique for keratoconus and modified it further to obtain desirable
visual outcome in advanced keratoconus.10 According to him, microkeratome-assisted lamellar
keratoplasty for keratoconus has the advantage of being a standardized, technically easy procedure,
which yields smooth dissected surfaces compatible with 20/20 vision. He has modified the original
technique of just adding tissue by perforating the residual base after the microkeratome cut in a
circular fashion but just leaving 3 bridging points to hold the tissue in place. This technique has the
advantage of allowing increased flattening of the ectatic area. He has reported ALTK in patients
with keratoconus with an average keratometry reading of up to 57 D.
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Instrumentation and Procedure
A number of ALTK systems are available and include Gebauer (Neuhausen, Germany http://
www.gebauer-sl.com/dsaek_alk.htm) and Moria (Antony, France http://www.moria-surgical.com/).
This is used to cut both donor and recipient lamellae of the desired thickness and diameter.

The systems consists of a motor unit, an artificial anterior chamber, microkeratome with variable
plate sizes from 120 microns to 450 microns, suction rings, and applanation lenses (Figure 11-1).

The desired attributes of any microkeratome system include consistency of flap thickness and
minimal rate of flap complications, including epithelial defects, buttonholes, free caps and flap
irregularities as well as fixed depth plate adaptability to deep set and small eyes.

FIGURE 11-1: ALTK assembly.

Preparation of the Recipient Bed
Accurate ultrasonic pachymetry or anterior segment imaging of the recipient’s cornea at different
points, particularly at the apex of the cone is ideal. A typical microkeratome cut is approximately
250 micron thick and 9 mm in diameter so as to encompass whole of the cone. It has to be remembered
that a nominal 250 micron head will not even cut 250 microns on average. The actual average will be
different from 250 microns even in normal corneas with a standard deviation of about 30 microns.
There is little information about what these nominal heads actually cut in ectatic corneas. It is important
be aware of this difference in between the nominal depth plate and the actual cut achieved especially
in abnormal corneas and hence there is a period of trial with any new system.

It may not always be possible to perform a lamellar cut of the whole of the ectatic area but the
significance of this is unknown. In PKP, it is however well recognized that there is an incidence of
ectasia outside the graft host interface causing problems. The irregular rim left behind at the periphery
in case of such cones, may occasionally give rise to an irregular profile of the cornea after surgery.

Consideration should be given to under sizing donor grafts by 0.25 to 0.50 mm. It is easy to
punch the correct graft size just as one would do in a full thickness cornea. The graft should be
thicker than the recipient cut. The recipient cut will vary in thickness depending on the thickness of
the recipient cornea - thinner corneas will need thinner cuts.

It is important to ensure that the electrical connections, plugs and the voltage are checked
beforehand and are ready for use. The motor and the suction foot pedals should be securely connected
to the main control unit. To test the motor the foot pedal is depressed and the voltage checked on
the display for both forward and backward directions.
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FIGURE 11-2: Suction ring.

FIGURE 11-3: Microkeratome.

Generally, the recipient button is cut first (Figures 11-2 to 11-4) so as to safeguard the donor
button for a full thickness graft if there is failure to obtain the desired flap. The suction ring is
selected depending on the radius of curvature of the patient’s cornea (depending on the system
used). A reference chart enables us to select the ring diameter and/or characteristics. The suction
ring is tightly connected to the handle, which in turn is connected to the vacuum machine. Once the
suction is activated, the value of the vacuum may be displayed, on the machine or alternatively
audible signals indicating good vacuum may be made. Prior to use, the vacuum is checked by occluding
the orifices on the suction ring or by kinking the vacuum tubing.

The microkeratome unit has a unique sound or pitch that may be altered if the microkeratome is
not working properly. Listening to this sound in the forward and the backward directions can help
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detect problems if any. The microkeratome blade should be checked under the microscope for any
irregularities. The gap between the depth blade and the plate is also checked under the microscope
as is the smoothness of the track of the microkeratome.

The microkeratome is inserted into the suction ring and the foot pedal is depressed in forward
and reverse directions to ensure smooth movement of the microkeratome on the suction ring. Once
it is made sure that the system is ready for use patient is prepared for surgery.

Topical anesthetic drops, such as proxymetacaine are instilled in the patient’s eye (this has the
benefit of having some lubricating properties). Anesthesia in the form of topical, peribulbar or
subtenon anesthesia or general anesthetic is given. If local anesthetic is used, then extreme care
should be made to avoid chemosis as this will prevent adequate suction being achieved (or pseudo
suction where the suction ring orifices are blocked but the eye is not held). The eyelashes and
fornices are cleaned thoroughly. The eye is draped taking care of the lashes and meiobomian glands.
The drape must not be in a position to block suction or the movement of the keratome. A locking
eyelid speculum is placed on the eye to obtain adequate exposure.

Once everything is clear from the operating field, the suction ring is applied to the eye. Making
sure that the fornices are clear, the vacuum is activated. The eyelid speculum is slightly depressed.
The patient is warned of the slight feeling of pressure and discomfort. If the position is adequate the
suction pressure is activated and the patient is warned that the vision may go dark. Four helpful
signs assure surgeon that adequate suction has been obtained.11 These are:
1. The suction ring can be lifted towards the ceiling slightly and the eye should come up with it.
2. The pupil will dilate slightly.
3. The patient will confirm that everything has gone dark.
4. The eye will feel firm to palpation or to the Barraquer tonometer (If the surgeon visualizes a fluid

meniscus smaller than the ring of the tonometer this confirms an intraocular pressure of over
65 mmHg).
If adequate suction is not obtained the vacuum pressure should be released and the suction ring

reapplied. This pseudosuction is caused by conjunctiva being pulled into the ring orifices preventing
suction on the globe.

FIGURE 11-4: Obtaining recipient corneal button.
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With an adequate suction and good position, the microkeratome pass is initiated. Different systems
have manual (e.g. Moria LSK1 and C-B varieties) or automated passes of the microkeratome head
(e.g. Gebauer). A free cap is achieved and the cut free cap is saved until the end of the procedure. A
stop ring is not used as we want free flap.

Preparation of the Donor Button
A corneal button with a good scleral rim is necessary for ALTK (Figure 11-5), so that it can be
secured on the artificial anterior chamber. The artificial anterior chamber is connected to the
hydrostatic system, maintaining required pressure during lenticule removal. The corneal button is
placed on the top of the artificial anterior chamber. The cornea is sealed and made leak proof using
the locking screw. The applanation lens may help select the diameter of the cornea using the adjustable
screw prior to making dissection. The applanation lens has pre-calibrated circular marks to enable
the diameter of donor cornea to be calibrated in order to match the corneal button taken from
recipient irrespective of its original radius of curvature. The microkeratome guide rests on the top
of the artificial anterior chamber maintainer. Once the whole system is assembled and ready, the
microkeratome is moved through the guide creating a free flap (Figures 11-6 to 11-9).

The donor graft is usually planned at least 100 μm thicker than the recipient lamellar cut. The
ideal difference in thickness is not known.

Suturing of the Graft
The donor button thus obtained, is then sutured onto the recipient bed under tension (Figure
11-10). The cone is flattened and a normal corneal shape is restored. Generally 10-0 ethilon interrupted
sutures are employed although mixed continuous and interrupted sutures can be used. Interrupted
sutures are preferred as the main aim being to achieve a flattening of the cone.

FIGURE 11-5: Measuring exact dimensions.
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FIGURE 11-6: Corneo-scleral rim mounted on
artificial anterior chamber.

FIGURE 11-7: Watertight artificial anterior chamber.

In cases of advanced keratoconus, folds in the recipient bed may result from excessive flattening
of the ectatic recipient bed. These folds usually disappear after surgery.

Once sutures are removed, a considerable amount of tension in the corneal structure is released
thereby reducing the flattening effect with suture removal. This may even lead to myopic shift.
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FIGURE 11-8: Applanation tonometry.

FIGURE 11-9: Obtaining donor corneal button.

FIGURE 11-10: Apposing corneal graft.



93

Automated Lamellar Therapeutic Keratoplasty in Keratoconus

Busin’s Technique of Cone Collapse for Moderate to
Advanced Keratoconus
Busin has modified the ALTK technique further for the management of more advanced
keratoconus.12,13 The theory is that the residual ectatic lamella of the recipient bed, which resists the
flattening action of the donor button is attributable to the recipient bed’s “keratoconus memory”. If
sutures are applied under tension, folds can be produced in the recipient’s cornea and can be
responsible for an irregular corneal surface postoperatively. To overcome this problem, the technique
of cone collapse has proved to very useful.

Once the anterior lamella from the host cornea has been removed, a partial trephination of the
recipient bed with typically a 6.5 mm trephine is performed. The trephination is made full thickness
in a trefoil pattern, leaving 3 thin tissue bridges at the 4, 8 and 12 o’clock position. As a result, the
recipient endothelium attached to a lamella of deep stroma floats freely other than the tissue bridges.
The cone in the recipient bed collapses fully and with ease without pushing against the overlying
lamellar graft. It simply attaches to it, and no significant tension is required while suturing because
no mechanical flattening against a “resistant” ectatic recipient bed is necessary. Under sizing of the
donor button is therefore not necessary and usually a 9 mm button in a 9 mm recipient bed is used.

The difference in tissue thickness is maintained, the donor graft being cut at least 100 μm thicker
than the excised corneal lamella.

The creation of a 6.5 mm circular vertical incision in the recipient bed, inevitably leaves a scar,
which binds together the donor graft and host cornea at the site of trephination. This scar further
stabilizes the structure of the cornea.

In a series of patients operated by Busin, 10 out of 11 patients gained visual acuity more than
20/40, with a refractive astigmatism within 4 D. The mean keratometry readings decreased from
61.12 D preoperatively to 42.76 D, one month after surgery.

Advantages of ALTK
The visual recovery time is very rapid (may be days in case of overlay sutures used for opacities)
and as the cut made by microkeratome is regular and homogenous, there is less postoperative
irregular astigmatism.9 The interface between the donor graft and recipient bed is completely clear
and barely visible even at high magnification of the slit-lamp.

The optical quality of vision is probably better than standard penetrating keratoplasty as there is
little irregular astigmatism. The best-spectacle corrected visual acuity (BSCVA) is 20/40 or better in
nearly all patients and refractive astigmatism is within 4 D in most cases. It is important to note that
the majority of these patients have good BSCVA rather than the need for contact lenses. Given that
a number of these patients are intolerant of contact lenses, this is an important benefit.

On the other hand, the equipment is expensive and there is a steep learning curve. There is also
a lack of predictability in matching the thickness of recipient and donor corneal buttons.14 However,
the relevance for this when treating keratoconus is unknown because a significant flattening of the
cone is achieved.

From the surgeon’s perspective, it is an easy procedure to learn especially if they are experienced
LASIK surgeon. Reduced interface haze and crisp vision, quick recovery and fast rehabilitation are
definite motivating factors for corneal surgeons to adapt to these procedures.15,16 It is standardized,
easy, time-sparing and most importantly eliminates the risk of endothelial rejection.
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Epikeratophakia
Epikeratophakia for keratoconus was first introduced in 1982 by Werblin and Kaufman.17 This was
followed by a number of studies including a nationwide study by MacDonald, et al.18,19 It is a simple,
reversible, extraocular surgery and has a reduced risk of immunologic reactions. Epikeratophakia
has a wide range of possible refractive correction (up to about 30D of hyperopia or myopia). The
visual results for epikeratophakia have been reported to be nearly equal or often superior to those
of PKP.20 It has some similarity to ALTK.

TECHNIQUE

The procedure uses a donor human corneal lenticule lathed to the shape of lens using a cryolathe.
The lenticules were made in different diameters and power models for aphakia, myopia and
keratoconus.11 The tissue lenses are made in 4 steps consisting of pressing, freezing, lathing and
lyophilizing donor corneal tissue followed by storage in a vacuum sealed container. A typical
epikeratophakia lens has a central optical zone and a thin peripheral wing which is sutured to hold
the lens in place. Most of the lenses were made with a specially developed cryolathe which has a
facility for automatically making a smooth transition between the radius of cut used for the optical
zone and the radius used for the wing. Alternatively, lenses are made with a single radius of cut, so
that the optical zone in these extended to the edge of the lens.

A vacuum sealed vial containing the lyophilized tissue lens is opened and the tissue lens is
rehydrated for 20 minutes in BSS with 100 micrograms of gentamicin per millilitre. During
rehydration, the green dye that provided visibility during lathing diffuses away and the tissue lens
becomes softer and more translucent.

PREPARATION OF THE PATIENT

The visual axis is marked on the cornea. 2% pilocarpine drops are instilled to ensure that the visual
axis mark lies over the pupil. The basic technique of epikeratophakia consists of initially removing
corneal epithelium, then dissecting a peripheral pocket for the wing of the lens, which is then sutured
in place. Thorough removal of corneal epithelium is necessary so that there is no subsequent cellular
proliferation at the interface between the epikeratophakia lens and host cornea. Epithelium peripheral
to the lens should be left intact, as it is from this peripheral cornea that epithelial regeneration
covers the epikeratophakia lens.

Failure of prompt re-epithelialization may be associated with melting of the lens and infective
keratitis.

Following de-epithelialization, the next step in the operation is to create a pocket for the insertion
of the wing of the lens. A 7 or 7.5 mm diameter Hessburg-Baron suction trephine or manual if
preferred is used to make a partial thickness trephination to a depth of about 180 microns. A 21
gauge needle, bent to 90 degrees 2 mm from the end, is used to dissect a pocket, parallel to the
corneal surface. Ideally, a 0.5 mm wide and 0.3 mm deep annular keratectomy is performed.
Alternatively, pocketing knives are available.

The tissue lens soaked, rehydrated is placed on a Teflon cutting block and punched at 8.5 mm.
Since the diameter of the tissue lens is 8.5 mm and diameter of the trephine is 7 mm the tissue lens
appears oversized. The excess tissue is required so that the wing of the tissue lens can be placed
beneath the corneal surface. For keratoconus tight sutures are tied while an assistant pressed firmly
to reduce the ectatic cornea. It is important to take deep tissue bites 0.7 to 1 mm long to hold sutures
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tight. The wing of the tissue lens is pushed below the recipient lip so that it lies in the peripheral
lamellar keratectomy created by the lamellar dissector. The sutures are left in place unless they
became loose or are inducing astigmatism in case of keratoconus.

COMPLICATIONS

The major complications of epikeratophakia are related to delay in epithelialization. With a
compromised epithelium and nonviable donor cap, patients are at risk of developing infections, and
poor epithelialization can lead to melting of the tissue. Persistent refractive errors and infiltrates at
the recipient-lenticule interface are other important issues. A rare complication is dehiscence of the
graft. Persistent haze is another postoperative issue.

In a series of patients at Moorfields Eye Hospital,21 patients who were intolerant to contact lenses
underwent epikeratophakia, six out of seven patients (86%) with more than two months’ follow-up
achieved a good result with BSCVA of 6/9 or better. The remaining patient achieved 6/12 but with
a very high cylinder and required penetrating keratoplasty. Results of 1-year follow-up findings on
42 of the first epikeratophakia procedures performed for keratoconus at the Helsinki University
Central Hospital showed encouraging results.22 The mean flattening by keratometry readings was
9.8 diopters (D) and the mean decrease in myopia in terms of spherical equivalent was 5.3 D. The
degree of irregular astigmatism was measured in five cases showed that the mean preoperative
irregular astigmatism of 3.9 D was reduced to 1.3 D in the long-term analysis.

The noninvasive nature of epikeratophakia makes it a safe and desirable option for the treatment
of keratoconus.23 In properly selected patients, epikeratophakia can effectively be used to treat
keratoconus and thus avoid potential intraocular surgical complications and immunogenic phenomena.
However, ALTK has overshadowed this technique because the availability of the lamellar graft is
much simpler.

Femtosecond Laser
The femtosecond laser is possibly the single biggest innovation in corneal surgery in the past thirty
years.24-28 The main principle of femtosecond is the use of ultrashort infrared laser pulses causing
intrastromal microdissection without ablation. Femtosecond employs a solid state laser with a
1053 nm wavelength and uses brief pulses to cause disruption in the lamellar plane. Examples of
femtosecond include

Intralase (AMO Santa Ana, USA http://www.amo-inc.com/products/refractive/ilasik/intralase-
fs-laser),

Femtec (20/10 Perfect Vision, Heidelberg, Germany http://www.2010pv.com/2010-pv/products/
femtec-femtosecond-laser-workstation_100003_0.html),

Visumax (Carl Zeiss Meidtec http://www.meditec.zeiss.com/visumax) and
FemtoLDV (Zeimer, Port, Switzerland http://www.ziemergroup.ch/?id=33).
As the lamellar cut is controlled by software, a variety of shape and configuration of incisions

may be easily programmed and can enable us improve indications in corneal surgery. The advantages
of femtosecond laser corneal dissection include:
1. Precise cuts
2. Improved mechanical stability
3. Better wound healing
4. Early suture removal
5. Reduced astigmatism due to better apposition.
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Different geometric patterns have been used by different surgeons across the world to obtain
perfect apposition of the graft in PKP and in lamellar corneal surgery. Angled incision edge facilitates
stromal excision with scissors. Interlocking wound configuration facilitates matching anterior donor
and recipient surfaces.

Anterior Lamellar Keratoplasty has been performed by Sheraz Daya in an initial series of fourteen
patients using zigzag incisions within seventy microns of Descemet’s membrane.

Whilst the technology is available to perform lamellar transplants for keratoconus, this is not in
routine use as yet.
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Why Near-Descemetic?
Deep Anterior Lamellar Keratoplasty (DALK) has only recently become the standard of care for
advanced keratoconus (KC). This is surprising, because we already had the technology for modern
DALK at least 20 years ago, and because the many advantages of DALK over penetrating keratoplasty
(PKP) in keratoconus are obvious: preserved endothelium, rejection virtually absent, no opening of
the anterior chamber (AC), better control of astigmatism. What has really changed is the surgeon’s
mindset, together with the observation that the ‘Holy Grail’ of Descemet’s membrane baring is not
necessary to achieve a good visual result.

Two myths have indeed delayed (and still hamper) the diffusion of DALK as the rational substitute
of PKP in KC: the first is that PKP yields better visual results, the second is that DALK is a difficult
procedure, reserved to few excellent surgeons, because, without the exposure of Descemet’s
membrane, the interface recipient stroma/donor stroma would become hazy and cause visual
aberrations. Fortunately, both prejudices have been demolished by studies demonstrating that DALK
can achieve the same visual results as PKP1 and that avoidance of Descemet’s membrane baring does
not affect final visual acuity.1-3

Several techniques have been proposed for DALK, using air, viscoelastic, hydration to help
dissection.4-7 One of the most interesting and popular method is the Big-Bubble technique,8, 9 in
which, after partial trephination, air is forcefully injected into the stroma by a needle, to create a big
air bubble separating the posterior stroma from the Descemet’s membrane. After the excision of
most of the stromal tissue, the bubble is anteriorly perforated, and the residual stroma is removed.
The Big-Bubble technique has some drawbacks:
1. The big bubble does not occur in 20-50% of cases, depending on surgeons experience, depth of

trephination, etc.
2. The last phase of Descemet’s membrane exposure carries a high risk of perforation.

The same authors have described an alternative technique (“near-Descemetic” DALK) to use
when a big bubble did not form or in the presence of a damaged Descemet’s membrane:10 with this
method, after partial trephination and intrastromal air injection, stromal emphysema is used to help
manual deep dissection only to a pre-Descemetic stromal plane. This variant is safer and technically
easier than Big-Bubble, and has become my preferred technique for DALK in KC.

Indications
DALK is indicated in all cases of KC in which best-corrected visual acuity by spectacles or contact
lenses is not satisfactory, and cannot be improved by less invasive surgical techniques. When the
cornea is not particularly deformed, myopia associated with KC can be corrected by phakic intraocular
lenses (IOLs) in younger patients,11 and by refractive lens exchange in the presbyopic age;12 the
advent of toric IOLs has improved the visual prognosis of these techniques. Corneal collagen cross-
linking by ultraviolet and riboflavin has recently emerged as a para-surgical technique that can
improve earlier stages of KC.13 Intrastromal ring segments do not involve tissue transplantation, can
be implanted with femtosecond laser, are reversible and have few complications.14

I generally consider DALK when contact lens cannot be worn or yield a corrected visual acuity
<0.5, and best-spectacle corrected visual acuity is <0.5. Endothelial cell count is not relevant, as long
as the stroma is transparent. The status of Descemet’s membrane is equally not significant if we
adopt a near-Descemetic approach. Corneal thickness is important but does not preclude DALK,
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because when facing a thin cornea, we should prepare (surgeon, instruments and tissue) for PKP,
but we should first attempt DALK.

Stromal scars, especially at the cone apex, do not represent an absolute contraindication to DALK,
especially if superficial (contact lens induced).

Preoperative Work-up
If a correct preoperative assessment is the key for all surgery, this is even more true for DALK in
KC. Poor results and dissatisfaction often stem from poor preoperative evaluation, poor planning,
poor communication with the patient.

History is mandatory. Amblyopia is not rare in keratoconic eyes, which sometimes start as
astigmatic eyes. Best corrected visual acuity with contact lenses, spectacles, and pin-hole (which will
often indicate the achievable postoperative visual acuity) are obviously needed before any decision.
Undilated and dilated anterior segment slit-lamp examination, intraocular pressure (IOP) measurement
and dilated funduscopy should be performed in all cases.

The evaluation of keratoconus is best carried out by corneal topography (videokeratography).
Orbscan and Pentacam can be helpful to assess the posterior surface and to obtain a pachymetry map
in suspect KC, but in advanced KC these techniques are highly unreliable. Therefore, Placido-based
topography remains the golden standard to assess the corneal deformation, the KC stage, and the
variations over time. Usually, axial topography gives an overall impression of the KC, tangential
topography should be used in contact lens warpage and post-surgical ectasia, and the altitudinal
map help localizing the cone apex. When the cornea is so altered that no color coded image is
possible, an image of Placido rings should be enclosed in the patient chart.

Corneal thickness is of paramount importance, and should be measured by ultrasounds. Ultrasound
pachymetry is fast, inexpensive and highly reliable in all kind of corneas (scarred, edematous, thin);
the best pachymetry map is obtained checking at the slit-lamp the position of the probe tip. The important
points to measure are the corneal geometrical center, the presumed apex, and the 4 cardinal points
at 4 mm from the center, where the trephination will take place. In lid squeezers or in poorly collabo-
rating patients, pachymetry should be repeated in the operating theatre after the induction of anesthesia.

The evaluation of corneal endothelium by specular microscopy should be done, but in my
experience is of a limited value, apart from the rare association keratoconus/endothelial dystrophy,15

in which the endothelial cell density can be so poor that a PKP is directly planned. In such cases, the
endothelium has the classical beaten silver appearance at slit-lamp, and specular microscopy will
confirm the finding by showing dark rounded areas (corresponding to guttae) circumscribed by a
thin brighter net (Figure 12-1). In plain KC, dark or defocused images can result from severely
deformed corneas (Figure 12-2), but, as long as the stroma is transparent, a near-Descemetic DALK
can be performed, even in the presence of Descemet’s ruptures, despite a sub-normal endothelial
cell density. A DALK with a postoperative cell density of 1200 cell/mm2 is always better than any
PKP, and, should such a cornea decompensate, a PKP can be performed later with the same success
rate and at an elder age.

Ultrasound biometry can be used to predict, with a large approximation, the postoperative spherical
equivalent (SE). Eyes with a normal axial length normally end between -1 and -3 diopters (D) SE. In
eyes with long axial length a myopic outcome should be anticipated to the patient, thus helping him/
her to understand the need for postoperative spectacles and contact lenses.
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FIGURE 12-1: Endothelial specular microscopy in
endothelial dystrophy associated with keratoconus.
Darker areas correspond to guttae.

FIGURE 12-2: Endothelial specular microscopy in
advanced keratoconus. Inferiorly, the darker, defocused
area corresponds to the protrusion.

Informed Consent
KC, and even only the diagnosis itself of KC, has a very negative impact on the quality of life. The
young age, the progression of disease, possible heredity, the lack of a cure, the belief that a
transplantation will be ultimately needed, the fear of blindness, of surgery, of pain, of rejection: in
this scenario, informed consent cannot be a bunch of papers to sign. A long explanation of the
disease and of all the possibilities of treatment in the specific case must be presented. All irrational
fears must be washed away, one by one. Optimism is the final message, because we are offering the
patients a real solution of their visual impairment, but we should not induce exaggerated expectations.

A balanced preoperative discussion will mention the following points:
a. DALK can intraoperatively become a PKP. This is rather likely in thin corneas (<300 micron) and

at the beginning of the surgeon’s learning curve, but is rare in thicker corneas. I generally tell
patients that the chance of conversion to PKP is 1/20, but that PKP, despite being more invasive,
will solve their problem as well.

b. After DALK, glasses, contact lenses or refractive surgery are needed. Emmetropia is indeed
exceedingly rare, and a variable amount of astigmatism should be expected. Provisional glasses
and contact lenses can be prescribed after 2-3 months, when some tightest sutures can be safely
removed. Refractive surgery (by excimer laser, phakic IOLs or refractive lens exchange) will only
be possible 2 months after removal of all sutures (i.e. approximately 14 months after surgery).

c. Major complications, such as infections, rejection, graft opacity are very rare and are generally
well managed by topical treatment or repeat DALK.
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Instrumentation
Near-Descemetic DALK requires a simple set of instruments, by which the eventuality of PKP can be
addressed as well (Figure 12-3):
• disposable Hessburg-Barron trephine (Altomed, Tyne & Wear, England), 8 mm diameter
• disposable Barron punch (Altomed, Tyne & Wear, England), 8.25 mm diameter
• a Barraquer solid blade eyelid speculum (Sir, Italy, E-10011)
• a bevel-up crescent knife (Alcon)
• a 15° blade for possible paracentesis
• a needle-holder with curved head for 10-0 sutures
• 2 tying forceps (1 straight, 1 curved) of excellent quality
• a smaller and a larger straight forceps
• an 8 mm round corneal marker with central cross
• a violet gentian felt tip pen
• a straight Vannas scissor with blunt tip (of excellent quality, to be checked at microscope)
• 2 curved scissors for corneal transplantation (1 right, 1 left), with lower blade internal and upper

blade external (in case of PKP, the lower blade will only damage the endothelium that is removed)
(e.g. Sir, Italy, C928)

• a 5 cc syringe with luer-lock connection, and a 30-gauge needle
• an air filter
• ophthalmic cohesive viscoelastic (such as Pro-Visc, Alcon), only needed for PKP
• a guarded diamond blade, only needed in case of shallow trephination
• 10-0 nylon suture with curved needle
• a 0.5 mm gauge (PMS, Germany, E15-225)
• Maloney surgical keratometer
• Merocell sponges
• balanced salt solution (BSS) for irrigation and anterior chamber reformation in case of perforation
• an AC cannula.

FIGURE 12-3: Main instrumentation for DALK. 1)
Hessburg-Barron trephine, 2) Barron Punch, 3) straight
tying forceps, 4) curved tying forceps, 5) 0.5 mm gauge,
6) 8 mm marker, 7) curved corneal scissors, 8) blunt
Vannas scissors, 9) solid blade speculum, 10) needle
holder, 11) small forceps, 12) bigger forceps, 13) air
filter, 14) crescent bevel up blade, 15) 15° blade, 16)
violet gentian felt tip pen, 17) luer-lock syringe with bent
25-gauge needle.
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Donor Tissue
One of the main advantages of DALK is tissue availability. Donor tissue with endothelium that is
unusable for PKP can be safely destined to DALK. The problem at the beginning of the surgeon’s
learning curve is the possibility of conversion to PKP. The suggestion of planning in the same session
a DALK and a PKP is highly unpractical, especially because PKPs will hopefully decline in the future.
It is therefore necessary, at least for the first cases, to use a donor tissue with an endothelial status
also appropriate for PKP.

The donor age is, in any case, not relevant.

Anesthesia
Excluding as absolutely inappropriate topical anesthesia, the choice is between general and infiltrative
anesthesia. The surgical procedure is particularly long in the first cases (my first DALK lasted 3
hours), becoming only a little faster with experience (never less than 1 hour). In addition, eye and
head movements should be avoided by all means in many delicate phases. The preference goes
therefore to general anesthesia, which reduces patient’s and surgeon anxiety. A peribulbar block
can still be employed in selected cases: expert surgeon and very calm patient, or contraindications to
general anesthesia.

Surgical Technique
1. The periocular skin is cleaned with 10% povidone iodine, and 2 drops of 5% povidone iodine

are instilled in the conjunctival sac and over the cornea. The eyelids and cilia are isolated by the
surgical adhesive drape and by adjunctive adhesive strips. The cornea should be well exposed
and in a vertical gaze position.

2. An 8 mm circular marker tinted with gentian violet is centered on the geometrical center of the
cornea and applied to the epithelium (Figure 12-4).

3. The Hessburg-Barron trephine is inspected under the microscope, and its blade (inner metal
circle) is aligned with the suction ring (intermediate metal circle) (Figure 12-5), and then turned
back (anti-clockwise) of a full turn, to avoid immediate contact of the blade with the cornea.

4. The syringe connected to the trephine is held by the assistant, air is expelled and the plunger is
kept pushed. The cornea must be not too wet, nor too dry.

5. The surgeon puts the trephine on the cornea, holding it vertical with the thumb and the forefinger
of the non-dominant hand, checking its centration with the ink marks under the microscope
(Figure 12-6).

6. The assistant releases the plunger and suction is checked by slow movements of the trephine. If
centration is incorrect or suction is not valid, steps 4 and 5 must be repeated.

7. With the forefinger of the dominant hand, the trephine is slowly turned clockwise. The first full
turn will bring the blade in contact with the cornea, then each subsequent full turn will produce
a circular cut of the depth of 250 micron. With a peripheral thickness of 500 micron, a full turn
and a half (approximately 400 micron) are advised. The center of the cornea is constantly checked,
and if a drop of fluid (aqueous) is unexpectedly seen, the suction is immediately released.

8. After completing the partial trephination, suction is released, and the depth of trephination is
checked by a blunt instrument, such as a large cyclodialysis spatula or a 0.5 mm gauge. If the cut
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FIGURE 12-4: Marking of corneal geometrical center
and of 8 mm.

FIGURE 12-5: Alignment of the trephine blade (yellow)
with the internal edge of suction (pink).

FIGURE 12-6: Host trephination to 400 microns.
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is unduly shallow (because of bad suction or wrong calculation of trephination), it should be
deepened by a guarded diamond blade, set at 400 micron (or less, in case of thinner cornea). It
is important that, at least superiorly, the cut is deep enough for needle insertion and for the first
dissection (Figure 12-7).

9. A 5 cc syringe is filled with sterile air and is locked to a 30 gauge needle, which is bent under the
microscope by a needle-holder at approximately 8 mm from the tip, forming a 100°-110° angle,
with the bevel down. I prefer a large diameter such as 30 gauge to achieve easier penetration
along the corneal planes, and to have a more efficient air penetration in the stroma.

10. The needle is inserted at 2/3 of stromal thickness in the stroma, usually at 10 or 11 o’clock for
right handed surgeons, holding the central corneal button with a forceps. The needle is advanced
slowly but firmly, following a corneal plane, reaching the corneal geometrical center, but avoiding
the cone if possible (Figure 12-8).

11. The syringe plunger is pushed with a constant pressure to inject intrastromal air. The stroma
will whiten only after 2-3 cc of air have been injected. Usually, the center will whiten first, then
air will find its way to the rest of the cornea in a very irregular and variable pattern, often

FIGURE 12-7: Completed partial trephination.

FIGURE 12-8: Insertion of the bent 25-gauge needle
at approximately 2/3 of stromal thickness.
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FIGURE 12-9: Intrastromal air injection.

FIGURE 12-10: Stromal emphysema.

escaping through the trephination, and when the cut is shallow, reaching the limbus (Figures
12-9 and 12-10). It is best to stop air injection if the limbus starts to whiten, otherwise air will
reach the anterior chamber through the trabecular meshwork in the form of small bubbles.
These bubbles are not dangerous, but may impair the vision of the last corneal layers in the
ultimate phases of stromal dissection. If the cornea has only partially whitened, the needle can
be retracted and air injected in the remaining part, but this maneuver is not needed if the
central cornea is emphysematous. It is important not to insist with air injection when the central
cornea has whitened, to avoid the creation of a big collection of air beneath the stroma (the Big
Bubble).

12. The needle is retracted, and the excision of the anterior stroma is performed with a bevel up
crescent blade. In this phase a rather thick portion of stroma should be removed, to speed the
procedure. The blade is inserted superiorly at approximately ¾ of the stromal depth and maintained
at the same level all over (Figures 12-11 and 12-12), sliding safely within a same stromal plane.
When reaching the trephination, the blade should undermine for 1-2 mm its external edge, to
allow good external apposition of the sutured margins despite their different thickness (Figure
12-13). The button is peripherally excised by corneal round scissors (Figure 12-14).
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FIGURE 12-11: Beginning of anterior stromal
dissection by a crescent blade.

FIGURE 12-12: Anterior stromal dissection by a
crescent blade.

FIGURE 12-13: Undermining the anterior dissection
allows good alignment of the external surfaces.
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13. After the thicker stromal button is excised (Figure 12-15), a more delicate excision of one or two
additional thin stromal layers is performed. It is easier to start this dissection superiorly, where
the first dissection was begun: there, the stromal bed is normally thick enough to grasp it with
delicate forceps and partially penetrate it with the bevel up blade (Figures 12-16 to 12-18), this
time only dissecting the central 6-7 mm (Figure 12-19). A more peripheral dissection is only
needed if we realize that the first dissection was too shallow by indirect clues, e.g. the stromal
bed is still white from emphysema or is still thick at the edge of trephination. With experience,
it is possible to have an idea of the depth of excision, but it is not particularly important (and is
much less safe) to reach the Descemet’s membrane.

14. The donor button is laid upon the cutting block of the Barron punch with the endothelium up,
and is centered under the microscope. The punch is then gently applied, and the position of the
donor cornea checked again. The punch is finally pressed uniformly with both thumbs and
forefingers (Figure 12-20), until a characteristic crunching noise is heard. The punch is pressed
again in each of its quarters, and is finally removed, leaving the cut donor button on the cutting
block. If the corneal rim is still attached in some part to the central button, the cut should be
completed by corneal scissors.

FIGURE 12-14: Anterior stromal dissection: excision
by scissors.

FIGURE 12-15: Anterior stromal dissection in the
center.
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FIGURE 12-16: Beginning of deeper stromal
dissection by a crescent blade.

FIGURE 12-17: Deeper stromal dissection in the
center.

FIGURE 12-18: Deeper stromal dissection: excision
by scissors.
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15. The endothelial side of the donor button, still on the cutting block, is gently dried with a
Merocell sponge and the endothelium marked with small dots of the felt tip pen, to help its full
removal (Figure 12-21). The cutting block is held firmly on a steady surface by the assistant,
and, under the microscope, the surgeon holds the edge of the stroma with larger forceps, and
pinches the central Descemet’s membrane with delicate forceps. It is much easier to start this
maneuver from the center, as only the Descemet’s membrane will be caught by the forceps
(Figure 12-22). On the contrary, when peeling is started from the button’s edge, it is not
uncommon to pinch stromal tissue as well. The Descemet’s membrane is peeled away, usually in
a piecemeal fashion, more rarely as a whole, because its fragility and its stromal attachments are
rather variable (Figure 12-23).

16. The prepared donor button retains its convexity and it is therefore easily laid upon the stromal
bed. Suturing is best done by sixteen 10-0 nylon interrupted sutures. The needle is first passed
in the donor, not at full thickness, and then in the recipient, as deep as possible to avoid a
protruding edge (Figure 12-24 to 12-26). Usually, the knot is 3:1:1. There is no need for excessively
tight sutures; the suture must approximate well margins and not be loose by all means, but

FIGURE 12-19: Completion of deeper stromal
dissection in the central 5-6 mm.

FIGURE 12-20: Punching of donor cornea.
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FIGURE 12-21: Painting of donor endothelium.

FIGURE 12-22: Beginning from the center of the
peeling of donor endothelium and Descemet’s
membrane.

FIGURE 12-23: Completion of the peeling of donor
endothelium and Descemet’s membrane.



113

Near-Descemetic Deep Anterior Lamellar Keratoplasty (DALK)

FIGURE 12-24: Host-donor suturing. FIGURE 12-25: Prominent edge of donor button, due
to poor alignment of margins.

FIGURE 12-26: Axial topography revealing irregular astigmatism (case of Figure 12-25).

should not create excess tension. The 2 first sutures are of paramount importance, as they
should perfectly align the button. At the end of suturing, a Maloney keratometer can reveal
excessively tight sutures by indentation of circles towards the corneal center (Figure 12-27).
However, it is generally unnecessary to repeat sutures; tight sutures can be more precisely
addressed in the postoperative period. Suture ends are buried in the recipient side of the cornea,
to help later safe removal at slit-lamp (Figure 12-28).
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FIGURE 12-27: Intraoperative check of astigmatism by
Maloney keratometer.

FIGURE 12-28: Five days after DALK. The suture knots
are buried in the host cornea.

Postoperative Care
The first postoperative week is characterized by re-epithelialization of the donor button. The donor
epithelium is often gradually replaced by the overriding recipient epithelium, but sometimes, when
the donor epithelium has a weak adhesion, large epithelial defects are slowly covered by the advancing
recipient epithelium. This process is normally easy and uneventful, but it must be frequently checked
and facilitated by frequent (every 2 hours when awake) lubrication with a preservative-free gel and
topical preservative-free antibiotics and steroids. Our preference goes to unpreserved netilmicin
and dexamethasone, 5 times daily until full reformation of a transparent epithelial layer. Should
epithelialization be delayed, a softer unpreserved steroid such as fluorometholone can be temporarily
used. A bandage contact lens is usually unnecessary and carries an increased risk of infections.

After full epithelialization, topical dexamethasone or betamethasone should be used 4 times
daily for 2 to 3 months, then treatment can be switched to loteprednol, 4 times daily for 3 to 4
months. I usually continue with fluorometholone, 3 times daily, until the 9-10th month.

The follow-up of uncomplicated DALK, apart from suture management, is usually simple and
with no surprises. The advised schedule is day 1, day 5, month 1, 2 , 4, 6, 8, 10, 12 (suture removal),
14, and then twice a year. The patient must be instructed to call at once in case of redness, pain,
blurred vision: these are 99% of times symptoms of a loose suture, which must be removed at once.
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When a significant refractive error exists, temporary spectacles can be prescribed as soon as the
tightest sutures are removed, i.e. 1-2 months. Rigid gas permeable and even soft contact lenses can
be prescribed at 3-4 months, with the usual attention to avoid suture exposure.

Management and Complications of Sutures
The rules with DALK sutures are few but mandatory.
a. Remove at once all loose sutures, at any moment. Loose suture do not serve their purpose, collect

mucus, may cause inflammation, rejection, neovascularization, and ultimately corneal melting
(Figures 12-29 to 12-31). Be prepared to do this in the office, by always keeping a sterile good
tying forceps (the suture can be cut by the tip of a sterile needle, any size).

b. After 1-2 months, excessively tight sutures can be gradually removed, to improve astigmatism. It is
uncertain whether timely addressing tight sutures will change the final astigmatism, but it surely
has an immediate visual and psychological benefit for the patient. Tight sutures are recognized at
topography by a red area overlying the suture itself (Figures 12-32 and 12.33). It is not wise to
remove 2 adjacent sutures before the 3rd month, to avoid the risk of wound dehiscence.

FIGURE 12-29: Loose and exposed sutures at 3 and
9 o’clock. At 9 o’clock, moderate peripheral melting is
seen.

FIGURE 12-30: Donor button abscess and
corresponding peripheral neovascularization caused
by a loose suture at 4 o’clock.
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FIGURE 12-31: Effect of a localized donor melting on an axial map,
resembling to recurrent keratoconus.

FIGURE 12-32: Tight interrupted sutures at 3 and 4 o’clock cause 8.4 D astigmatism on
axial topography, showing high curvature over the corresponding sutures.
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c. All sutures must go out at 12 months. To remove all sutures earlier than 12 months can misalign the
wound margins, and to wait after 12 months will only make the nylon fragile and difficult to
remove. We should not hope that nylon will stay there forever with no complications; it will
often break up and the ends will emerge from epithelium.
I currently never use continuous sutures. Continuous sutures are impressive on photographs and

are easy to put and to remove, but they have 2 important drawbacks. First, if they loosen early, they
have to be fully removed and made again. Second, they cannot be gradually removed at the slit-
lamp to improve astigmatism, and a very tight suture has to stay there for months (Figures 12-34
and 12-35).

Perforation
The most feared intraoperative complication is perforation of the Descemet’s membrane. This event
is not disastrous, but completion of DALK can become difficult or impossible, and a cascade of
further complications may arise. Some surgeons readily abandon DALK when facing a perforation,
while others struggle to avoid conversion to PKP. The latter attitude is highly justified by the good
overall prognosis of perforation, although endothelial damage may result from surgical maneuvers
used to maintain the AC formed.16

Perforation during Trephination

Perforation can occur at different surgical stages. Perforation during trephination is particularly
annoying, but can still be managed. It is revealed by aqueous regression during trephination, which
should immediately be stopped and suction released. The first step is to suture the part of trephination

FIGURE 12-33: After removal of the sutures at 3 and 4 o’clock, astigmatism has
rotated and reduced to 3.2 D (case of Figure 12-32).
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FIGURE 12-34: Tight continuous suture, causing very high astigmatism on axial topography.

FIGURE 12-35: After removal of the suture, the cornea has returned to an
acceptable astigmatism (case of Figure 12-34).
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leaking aqueous with several 10-0 interrupted nylon sutures, not excessively tight (Figure 12-36). A
paracentesis is made with a 15° blade and AC is reformed by air. The intrastromal injection of air is
still possible, but it should be carried out from the site opposite to that of perforation, very delicately,
stopping as soon as air directs toward the perforated area. The others steps are normally performed,
but from time to time reformation of the AC may be needed. The anterior dissection and the deep
dissection are stopped at 3 mm from the perforation, to leave the suture undisturbed in a small
stromal ellipse. The corneal button excision is completed by corneal scissors.

The donor button is prepared as usual, laid on the recipient bed with an edge overlying the
ellipse, and fixated with 10-0 nylon sutures in the other quadrants. Finally, the sutures in the remaining
ellipse are removed, and the donor button is sutured in the perforated area with deep bites on both
margins. Additional sutures may be required to keep the AC formed; in the meanwhile some suture
may become loose and must be redone. At the end, the AC is reformed with BSS and a couple of
minutes is waited to check whether anterior chamber is maintained. If in doubt, the AC is reformed
by air, but the bubble should not completely fill it, and all measures should be taken to prevent an
air-induced intraocular pressure (IOP) rise (see below).

Perforation during Air Injection

This complication is exceedingly rare, and is due to excessive or abrupt pressure on the syringe
plunger in the attempt to create a big bubble, or to a very deep insertion of the needle. It is never
seen with standard near-Descemetic DALK.

Perforation during Stromal Dissection

This complication usually occurs after the removal of the anterior stroma and during deep dissection
maneuvers. It is a common occurrence during the learning curve, but it becomes rarer and rarer
when the surgeon learns to avoid excessively deep dissections. Continuation of DALK essentially
depends on the extent of perforation and on the amount of dissection already performed. If dissection
is deemed sufficient and the perforation is small, the AC is reformed by air and the donor button is

FIGURE 12-36: In case of perforation during trephination,
the perforated area should be closed by interrupted
sutures, and dissection carried out, leaving a small
ellipse of the host button until the last phases.
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sutured. If the dissection is not advanced but the perforation is small, repeat air injection are needed
to keep the AC formed while completing dissection, if the subsequent maneuvers do not enlarge the
rent. On no account leave the AC completely filled with air, to prevent an air-induced IOP rise (see
below).

When perforation is too large to keep the AC formed by any means, DALK should be abandoned
and a PKP performed. Hopefully, you have an appropriate donor cornea (corneas exclusively for
DALK generally have an endothelial cell density of 2000 – 2400 cell/mm2). The first thing to do is to
punch the donor button (obviously leaving the endothelium in place!). Then the remaining recipient
stromal bed is excised, penetrating it with the 15° blade in the trephination groove, filling the AC
with viscoelastic, and then completing the circular cut with scissors. Attention should be paid not to
leave a transparent Descemet’s membrane in place, although this occurrence is more commonly seen
with the big bubble technique. The donor button is laid upon the iris, over a layer of viscoelastic,
and is sutured by the preferred technique. Also in PKP interrupted sutures retain their advantage,
although knot burying is slightly harder, and suture tension less uniform.

DOUBLE ANTERIOR CHAMBER

This term refers to the presence of an aqueous layer between the recipient Descemet’s membrane
and the donor stroma, resulting from an intraoperative perforation in the former. The complication
is generally observed the day after surgery, and its evolution can vary from spontaneous absorption17

to a permanent condition, causing diffuse stromal edema (Figure 12-37). It is reasonable to wait for
a few days in the hope of spontaneous improvement, but usually intervention is needed, in the form
of the injection in AC of air or a mixture of air and gas (with 10% of C3F8, or 18% of SF6) to tampon
the Descemet’s tear, and in a supine position, until the aqueous is absorbed. Atropine should be
used to avoid pupillary block. The gas should stay in the AC for at least 8 days, and should not fill
more than 75% of AC volume.18 This procedure may suffice or need repetition; in some cases, the
double AC is never absorbed (especially with inferior breaks) and PKP is ultimately needed (Figure
12-38).

FIGURE 12-37: Donor button edema caused by a double
anterior chamber, 2 weeks after DALK. The discolored
iris at 9 and 10 o’clock has been provoked by cannulas
inserted in the attempt to reform the anterior chamber.
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AIR-INDUCED ACUTE INTRAOCULAR PRESSURE RISE

Intraoperative Descemet’s membrane perforation forces the surgeon to leave an air bubble in the
AC. If large, this bubble may induce an acute IOP rise, similar to that described in the Urrets-Zavalia
syndrome after PKP.16, 19 The mechanism, though sometimes referred as pupillary block, is partly
due to peripheral adhesion of iris to the AC angle, caused by the bubble surface tension. The symptoms
are those of acute angle closure, with eye and forehead pain, and nausea. The eye is red, and the iris
is centrally deformed by the posterior surface of the bubble, and is peripherally attached to the
cornea.

The treatment is immediate evacuation at the slit-lamp of the air bubble by an insulin syringe
without plunger, after topical anesthesia. This maneuver can be difficult because of the patient’s
general conditions and because of the iris peripheral position. Care should be taken to retract the
needle as soon as a small amount of air is evacuated. Nd:YAG laser iridotomy is less risky but often
impossible because of the iris adhesion to the peripheral cornea. If untreated or treated late, high
IOP usually resolves in 12-24 hours, when the air bubble is partially absorbed. Long-term sequelae
are the classical anterior subcapsular opacities and atrophic, permanently dilated pupil (Figures 12-
39 and 12-40). Cataract surgery and iris reconstruction by 2 or more 10-0 prolene sutures can however
restore good visual function (Figure 12-41).

From the points above, it is clear that air-induced acute IOP rise must be avoided by all means.
This complication is successfully prevented, in case of perforation, by: a) moderate use of air in CA
(avoid if AC can be maintained with BSS); b) atropine; c) hourly check of pupil dilation.

UNNOTICED BIG BUBBLE

This rare complication occurs when a big air bubble, inadvertently created between stroma and
Descemet’s membrane during stromal air injection, is not recognized at surgery. Deep dissection is
then carried out, without reaching the air bubble depth. One of the clues is an increased tension on
the recipient stromal bed, which can make final suturing difficult, as sutures must be excessively
tightened to hold the donor button in place. In addition, a big air bubble is often surrounded by a
whiter round edge. If in doubt, create a paracentesis and inject in the AC a few small air bubbles,
which will stay in the center if no big bubble exists (and the posterior corneal profile is concave), or
in the peripheral AC if a big bubble exists (and the posterior corneal profile is convex).20

FIGURE 12-38: Penetrating keratoplasty to solve
double anterior chamber was performed 1 month after
DALK (case of Figure 12-37).
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FIGURE 12-39: Twelve hours after an air-induced IOP
spike, ciliary hyperemia and fixed dilated pupil.

FIGURE 12-40: Two weeks later, iris dilation and
atrophy is evident, as well as anterior ‘spilled milk’
subcapsular opacities (case of Figure 12-39).

FIGURE 12-41: One year later, after phacoemulsi-
fication and iridoplasty by three 10-0 prolene sutures,
best-corrected visual acuity is 0.9, with no glare (case
of Figure 12-39).
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If a big bubble exists, careful and slow excision must follow, until air exits. Both the air bubble
and the AC have a high pressure, so the danger is that, when the bubble is pierced, the Descemet’s
membrane is suddenly pushed towards the blade and punctured. When the bubble is not excised,
acute IOP rise can follow, just as when excess air is left in the AC. At the slit-lamp, the presence of a
big intrastromal air bubble is unmistakable; the peripheral iris is adherent to the cornea. Eye and
forehead pain and nausea are present. After topical anesthesia, evacuation at the slit-lamp of the air
bubble by an insulin syringe without plunger should be immediately done, by passing the needle
between 2 sutures and under the donor button, perforating the recipient stromal layer over the
bubble. The risk is sudden decompression and perforation of Descemet’s membrane, with subsequent
double anterior chamber, therefore the needle should be inserted quite peripherally and quickly
retracted.

REJECTION

Rarely, stromal rejection can occur after DALK.21 These rejections are usually benign, and respond
well to topical steroids if promptly treated. Cases of stromal opacification or melting are however
reported.22 In such cases, the donor button is excised and replaced with a new button, and
immunosuppression by topical steroids and oral cyclosporine is recommended for 6 to 12 months.

The prevention of rejection is based upon follow-up, removal of loose sutures, avoidance of
pregnancy and vaccines in the first year, patient education to report immediately by phone redness,
discomfort, decreased vision.

FOREIGN BODIES

The enclosure of gauze filaments and other foreign bodies in the interface should be prevented by
avoiding cleaning instruments by gauze and by only using Merocel sponges for cleaning the operative
field. Despite all attentions, the presence of postoperative interface foreign bodies is rather common,
but should not raise any concern, because they are usually well tolerated and do not induce
inflammatory reactions (Figure 12-42).

FIGURE 12-42: Well tolerated small gauze thread in
the interface, 16 months after DALK.
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Refractive Surgery after DALK
When all sutures are removed, our commitment with DALK is not finished yet. A significant refractive
error is often present, and spectacles or contact lenses are not always tolerated because of high
astigmatism or anisometropia or contact lens intolerance. The post-DALK cornea is usually thick
and healthy enough to allow secondary refractive procedures.

High mixed astigmatism can be addressed by astigmatic keratotomy (AK). This technique is
simple and relatively safe, but not very predictable in DALK, and sometimes result in a slightly
irregular pattern (Figures 12-43 and 12-44). I had some cases of unexpected overcorrection despite
a prudent attitude. Therefore, a gradual approach is advised, aiming to reduce the astigmatism by
half and leaving space for enhancements by the same technique. Obviously, these limitations must
be fully explained to the patient. Astigmatic keratotomy is performed by a guarded diamond blade
within the donor button, at an optical zone of 6 mm. The blade is set approximately at full thickness
minus 30 micron. Several passes are done to cut the tissue ‘bridges’ that remain after a single pass.
The procedure is done on a dry cornea to immediately recognize any aqueous leakage. The tendency
to overcorrection in DALK can be explained by the weaker donor-host adhesion, compared with
PKP, in which undercorrection after AK is common and due to the fibrous ring.

Myopic astigmatism and myopia can be treated by LASIK or surface ablation, with the same
correction limitations that these techniques have in normal cornea. Astigmatism after DALK is not
always regular, and corneal biomechanics differ from that of a normal cornea; therefore, predictability
of both spherical and astigmatic components is acceptable but lower than in normal corneas. In
addition, surface ablation after DALK stimulates haze formation, and should be only performed
with the intraoperative application of mitomycin-C at the concentration of 0.2 mg/ml (0.02%) for 60
seconds. With photorefractive keratectomy (PRK) and mitomycin-C I had satisfactory results, with

FIGURE 12-43: High regular astigmatism 2 years after DALK.
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FIGURE 12-44: After astigmatic keratotomy at a 6 mm optical zone, astigmatism has
decreased to 0.9 diopters but has a slightly irregular pattern (case of Figure 12-43).

no loss of best corrected visual acuity, trace haze in only 1/5 of eyes, and a final mean defocus
equivalent of 1.08 D.23 Epithelialization is only slightly slower than in normal PRK, and endothelium
is not affected. Subtle haze can present at the margins of ablation, or can show paracentrally when
post-PRK steroids are withdrawn (Figure 12-45); this is why topical fluorometholone or loteprednol
should be continued for at least 5 months and then tapered.

FIGURE 12-45: Moderate semi-peripheral haze after a
-7 D PRK with mitomycin-C on DALK.
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Larger spherical errors require intraocular techniques, which will be explained in detail in other
chapters of this book. Refractive lens exchange is advised in presbyopic age or when a lens opacity
is present or developing. Phakic IOL implantation is instead the preferred technique in younger
eyes, provided that a good endothelial cell density is present.

Personal Series
I have moved to near-Descemetic in May 2006, after noticing the difficulty of a consistent big bubble
formation. Since then, I applied the near-Descemetic technique (as described above) to all cases of KC
undergoing DALK. The following series is a consecutive, single-surgeon retrospective analysis of all
cases with a minimum follow-up of 1 year, and all refractive data were collected without sutures.

DALK was completed in 37 eyes of 37 patients with KC (mean age 32.6 years, SD 8.4, range 17 to
49). Males were 18. In 1 case a microperforation occurred, but PKP was not needed. In 3 early cases,
a big bubble formed, but dissection was only continued to evacuate air, but no attempt was done to
bare Descemet’s membrane.

In 1 case, a peripheral abscess in the donor button developed in correspondence of a loose suture,
6 months postoperatively, when the patient was abroad and could access to medical assistance only
after a week of pain and redness. Topical treatment with gatifloxacin was carried out, but the suture
was not removed. The patient returned to our institute, the suture removed, and the abscess healed
with no visual consequences.

Inferior unexplained melting of the donor button was noticed in another case, 2 weeks
postoperatively. Sutures in the damaged area were instantly removed, and visual acuity remained
acceptable (0.7 unaided), but topography showed an inferior steepening. Central pachymetry was
610 micron. At surgery, the donor cornea had appeared less rigid than usual donor corneas, but
otherwise normal and transparent.

No cases of rejection occurred.
Despite the near-Descemetic dissection, visual acuity was comparable to my previous cases of

DALK by the Big Bubble technique with Descemet’s membrane baring. Mean best-spectacle corrected
visual acuity (BSCVA) was 0.77 (SD 0.13; range 0.5 to 1). Mean refractive astigmatism was 3.88 D (SD
2.06; range 2 to 8). Mean spherical equivalent was -3.27 D (SD 2.28; range 0 to -9).

Mean BSCVA in the 25-eye Big Bubble series was 0.78 (SD 0.15) (not statistically significant
difference with t-test):

Conclusion
The development of DALK and its diffusion have enormously improved the perspectives of patients
with advanced KC. Nowadays there is only justification for PKP in KC in very thin or scarred
corneas. Surgical difficulty of most proposed DALK technique is essentially derived from the attempt
to bare Descemet’s membrane at all costs, which is a risky and unnecessary goal. Near-Descemetic
DALK yields comparable visual results and is accessible to all corneal surgeons, with a short learning
curve and minimal equipment. Since most postoperative complications arise from sutures (and visual
acuity can be improved by early removal of tight sutures), follow-up is based upon their timely
management, minimal but prolonged topical therapy, patient information, and, eventually, possible
management of the final refractive error.
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Introduction
Keratoconus is one of the main indications of penetrating keratoplasty (PK). Rabinowitz1 reports
that around 10 to 20% of patients with keratoconus will require a corneal graft in their lifetime.
Keratoconus represents 11 to 31% of operating indications of PK in large series of at least 2000
procedures.2-6

Indications
Keratoconus is a surgical indication of PK both optical for restoring visual acuity, but also tectonic
for restoring the corneal integrity in terms of thickness and shape (Figures 13-1A and B).

FIGURES 13-1A AND B: Penetrating keratoplasty in
keratoconus has the aim of restoring the shape
and thickness of the cornea to improve optical quality.
(A) Image of a central preoperative cone. (B) The same
patient after penetrating keratoplasty.

The factors associated with an increased risk of PK in patients with keratoconus include poor
visual acuity,7-12 contact lens intolerance,10, 12-14 the presence of corneal opacities,7, 9, 12 raised keratometry
values,7-12, 15 and young age.11, 12 The graft is usually carried out in young adults, but it is not unusual
to operate on patients aged 50 or over whose keratoconus has been stable for a long time.

In practice, there are two different scenarios depending on whether the patient has central corneal
opacities (not including the classical Fleischer’s ring and Vogt’s striae).
1. In the absence of central corneal opacities, when there is progression of the keratoconus, the

indication for PK is to provide optical correction that may not be obtainable with glasses or
contact lenses. If lenses no longer provide adequate visual acuity or adapting to them or wearing
them becomes impossible, then surgical treatment is required. The implantation of intracorneal
rings is a surgical option. They must not be offered too late as a minimum thickness at the site of
implantation of 450 mm is necessary, and a central keratometry higher than 55 diopters renders
the results more uncertain.16 If there is a contraindication to the implantation of the intracorneal
rings or if there are no satisfactory results after implantation of the rings, then keratoplasty is
indicated. As a rule, these patients have stage 4 of the Krumeich classification (Table 13-1).17

2. Central corneal opacity involving the visual axis is an indication for PK. It is necessary to distinguish
between deep scars and the superficial scar that involve the anterior stroma of the apex of the
cone. Superficial scars often have a reticular appearance and represent ruptures of the Bowman’s
membrane filled with scar tissue (Figure 13-2). Deep scars may be seen at the apex of the cone
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TABLE 13-I: Keratoconus classification based on Krumeich and co-
authors.17 For each stage, it is sufficient to have just one of the listed
criteria be met

Stage Characteristics
1 Eccentric corneal steepening

Induced myopia and/or astigmatism < 5 D
Corneal radii ≤48 D
Vogt’s striae, no scars
Corneal thickness ≥500 μm

2 Induced myopia and/or astigmatism >5 D <8 D
Corneal radii ≤53 D
No central scars
Corneal thickness ≥400 μm

3 Induced myopia and/or astigmatism >8 D <10 D
Corneal radii >53 D
No central scars
Corneal thickness 200 to 400 μm

4 Refraction not measurable
Corneal radii >55 D
Central scars, perforation
Corneal thickness <200 μm

FIGURE 13-2: Reticular, subepithelial, and anterior
stromal scars develop within the cone, and they result
from breaks in the Bowman’s layer.

and result from the rupture of the Descemet’s membrane (Figure 13-3). An acute keratoconus or
a corneal hydrops is the expression of an acute rupture of Descemet’s membrane. The irruption
of aqueous humor inside the cornea causes sudden epithelial and stromal edema and the appearance
of a deep diffuse opacity (Figure 13-4). After a few weeks, the endothelial cells near the rupture
of Descemet’s membrane enlarge and reconstitute a new membrane, and the edema is reduced.
If the residual scar affects the central visual axis, then the visual acuity is reduced. If it is not axial,
the stromal scar may cause a flattening of the cornea such that visual acuity may be increased and
using contact lenses becomes possible.
In these two typical scenarios, PK is the last resort when the other means of correction have been

exhausted.
Besides the “morphological profile” of keratoconus, the “functional profile” of the patient must

also be taken into account. Based on functional profiles, young patients are more often in need of
care than older ones. The requirements and professional perspectives for treatment vary greatly
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FIGURE 13-3: Deep opacities resulting from ruptures
in Descemet’s membrane can be seen at the apex of
the cone.

FIGURES 13-4A AND B: Ruptures in Descemet’s
membrane permit the stromal imbibation of the
aqueous humor, and this results in the marked corneal
edema seen in photograph (A). Intrastromal fluid-filled
clefts can sometimes occur, as seen in slit view (B).
Penetrating keratoplasty is usually necessary if edema
persists for over 3 months or if scarring is extensive or
in the central cornea.

depending on the patient. Unilateral or highly asymmetrical conditions are sometime well tolerated,
and the surgical approach of the involved eye is not systematic if the patient does not demand such
an approach. Finally, the level of visual acuity does not always correlate with the handicap experienced
by the patient. The quality of vision in patients with keratoconus is sometimes difficult to assess
(e.g., night driving, distorted vision, restricted sporting activities might factor in their assessment
of quality of vision), but it must always be taken into account in considering the indication for the
operation.

The development of the new techniques of deep anterior lamellar keratoplasty (DALK) leads us
to reconsider the choice of grafting techniques in keratoconus. Although PK has long been considered
as the standard treatment for keratoconus, the use of PK for this indication has become less frequent
in some surgical teams that prefer DALK. PK is nevertheless a well-codified operation, and it is safe
and fully reproducible in keratoconus. It remains, for many surgeons, the “gold standard” for this
indication. For surgeons who have begun using DALK, PK is still indicated in keratoconus as a first
line of treatment in cases with deep scars involving Descemet’s membrane, when the corneal thinness
makes lamellar dissection difficult, or as a second line treatment after a DALK procedure when
there is intraoperative perforation of Descemet’s membrane.

Some particular cases should be mentioned. In patients with a high risk of ocular trauma (e.g.
mentally handicapped patients who risk self-inflicted trauma) as well as in patients in whom
postoperative follow-up is complicated by difficulties in access to treatment or lack of follow-up,
corneal grafts are contraindicated. In an emergency, such as in cases of perforation or cases at high
risk of perforation, a graft could be indicated, preferably a lamellar graft.
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FIGURES 13-5A AND B: (A) Pellucid marginal
degeneration. (B) The slit-lamp photograph demons-
trates a band of thinning that is 1 to 2 mm in width in the
inferior cornea. The size and location of the trephination
site are selected to avoid cutting through areas of corneal
thinning, if possible.

Finally, in addition to keratoconus, pellucid marginal degeneration (Figure 13-5) may benefit
from large off-centered diameter PK. Keratoglobus (Figure 13-6) may also benefit from large diameter
PK. In this case, PK should be used as a last resort, due to the major risk of immunologic rejection of
the graft.

Technique (Step-by-Step)
PREPARATION
Preoperative Miosis

Preoperative application of topical myotics such as pilocarpine is important. Miosis forms a protective
shield for the crystalline lens.

Anesthesia

The operation can be carried out under local or general anesthesia. If a peribulbar block is used, it is
essential to obtain extraocular muscle akinesia to eliminate intraoperative pressure elevations
associated with muscle contraction. Lowering of intraocular pressure, using ocular compression
with a Honan balloon or a similar device, prior to surgery may help decrease the posterior pressure
during the open-sky phase of the surgery and the risk of vitreous loss and choroidal hemorrhage. In
these patients, it is important not to have any open positive vitreous pressure. The best possible
control of blood pressure, tachycardia, and anxiety should be achieved. General anesthesia may be
especially useful in young and emotional patients.

FIGURE 13-6: Intraoperative view of a keratoglobus.
Ectasia involves the entire cornea.
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SURGICAL STEPS
Trephination of Donor Cornea

Trephination of the graft can be done via the endothelial or epithelial side. Trephination of the
recipient cornea by the epithelial side creates an anterior opening larger than the trephination of the
graft via the endothelial side. To obtain a graft of the same diameter as that of the trephination of
the recipient cornea, it is necessary to oversize the graft by 0.25 mm in a trephination via the endothelial
side. In contrast, trephination by the epithelial side will on the other hand be carried out with the
same diameter. To avoid postoperative myopia with incapacitating anisometropia, the technique of
using a graft with a diameter that is smaller than the diameter of the host trephination has been
recommended. However, it is not often used in practice due to surgical difficulties and possible
wound healing complications from the limiting ring.18, 19 A graft that is smaller than the recipient
cornea can also result in a flat cornea, and such a flat cornea may not be amenable to contact lens
fitting.

Various trephines have been developed for cutting the donor cornea. In case of trephination by
the posterior side, the graft is centered on a cutting block. It is maintained during trephination by a
suction system. Trephination is carried out with the help of a guillotine system. Corneal distortion is
reduced by a suction chamber device (Figures 13-7 and 13-8). Immobilizing the donor cornea allows
the surgeon to cut a perfectly round button from the center of the cornea every time. The suction
holds the cornea in place as it is cut and ensures that the corneal button remains in the well and not
in the blade after the cut has been made. In case of trephination by the anterior side, the graft is

FIGURES 13-7A TO D: Trephination of the graft by the endothelial side using the
Hanna trephine with a single use blade. The graft is centered on the cutting block.
It is kept immobile during trephination by a system of suction (A). The well is
connected via holes by a silicone tube to a 5 ml air syringe. The guillotine system
of the Hanna trephine enables a circumferential cut of the graft by punching (B,
C). At the end of trephination, the corneoscleral ring is carefully removed from the
punched cut corneal button (D).
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FIGURES 13-8A TO C: Trephination of the graft via the
endothelial side using the single-use Heesburg-Barron
trephine (A). A suction system keeps the graft immobile
on the trephine cutting block (A, B). The well has a
central positioning hole, as well as four additional holes,
and a circular groove connected to a 5 ml syringe with
a spring loaded plunger. Trephination is done with the
help of a guided guillotine system (C). The cutting block
has 4 holes into which the steel guidepost of the blade
fit to ensure that the blade is perpendicular without any
slipping.

FIGURES 13-9A AND B: Trephination of the graft via the epithelial side using the
Hanna trephine. The graft is mounted on the artificial anterior chamber maintainer
(A) then cut with the Hanna trephine (B).

centered on the artificial anterior chamber maintainer (epithelial side up) (Figure 13-9) and cut with
the same device as that used for trephination of the recipient cornea.

Donor tissue should be kept submerged in the storage medium while the surgeon is preparing
the host corneal bed.

Trephination of Host Cornea

Trephination of the host cornea starts with location of the center of the trephination which represents
a compromise between the anatomical center of the cornea and the center of the pupil (Figure 13-
10A). In a cornea with peripheral thinning, a large, slightly decentered graft which encompasses the
area of thinning and clears the pupil may be preferred. The meridians may be marked with gentian
violet to ensure the best placement of sutures (Figure 13-10B). The corneal cut must be wide enough
to remove all of the keratoconic tissue to avoid the persistence of a severe postoperative astigmatism
or a recurrence of the keratoconus. A lower peripheral cone is the most common form of keratoconus.
A slightly decentered graft is well tolerated, although major decentration may be complicated by a
giant postoperative astigmatism as well as by potential graft rejection. In case of marked protrusion
of the cone, trephination is facilitated after flattening the apex with cauterization.

Trephination is done under the operative microscope using a hand-held disposable trephine held
perpendicular to the cornea or with a suction device that enables the trephine to be kept stabilized.
The hand-held trephine is progressively rotated, allowing the sharp edge to penetrate the cornea
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FIGURES 13-10A AND B: (A) Location of the center of the trephination, using the
center of the pupil, where possible, or a compromise position between the pupillary
axis and the center of the cornea. (B) 16 arms radial keratotomy markers may be
used to assist in donor-host suture symmetry and alignment.

FIGURES 13-11A AND B: (A) Trephination of the recipient cornea with the Hanna
trephine. The trephine features a 360° limbal suction ring connected by a silicone
tube to a 10 ml air syringe that secures the trephine to the eye. (B) Trephination is
examined under the operating microscope as the blade is lowered. A manually
operated gear mechanism provides smooth uniform cutting. When aqueous humor
appears in the barrel, the plunger of the syringe is pushed in all the way to release
the suction, and the trephine is removed from the eye. The trephine produces a
symmetric and nearly vertical incision.

until the anterior chamber is entered. With suction trephines, a precisely calibrated rotating mechanism
allows the surgeon to advance the blade with each rotation. The two main suction devices are the
Hanna trephine (Figure 13-11) and the Heesburg-Barron trephine. After a viscoelastic substance is
placed in the anterior chamber to protect the intraocular contents, trephination is completed using a
blade or beveled corneal scissors (Figure 13-12). To minimize astigmatism, it is of utmost importance
that the cut is made perpendicular to the corneal plane.

Femtosecond Laser Trephination

A femtosecond laser can be used for cutting corneal grafts and recipient corneas. Its use in this
domain is recent and undergoing evaluation. The femtosecond laser enables non-vertical cuts to be
carried out in various ways. This enables grafts to be cut in a hat shape, in a mushroom shape, or
with Z borders, and it allows for cuts in the recipient cornea of exactly the same shapes (Figure 13-
13). These new shapes would improve the healing surface and increase the congruence between the
graft and the recipient cornea. The consequences, in terms of early ablation of the sutures, reduction
of postoperative astigmatism, faster visual recovery and endothelial innocuousness around the cut,
are under evaluation.
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FIGURES 13-12A TO D: After filling the anterior chamber with a ophthalmic
viscoelastic device (A), trephination is completed with Katzin scissors (B, C).
Upward force is applied to the scissors to avoid damaging the iris or inducing a
cataract. The cutting edge must be fully perpendicular to the corneal surface (D).

FIGURE 13-13: Examples of corneal cuts with a femtosecond
laser. A mushroom cut shape enables endothelial saving,
which may be preferred in the case of keratoconus.

Placement of Four Interrupted Radial 10-0 Nylon Cardinal Sutures

The graft, whose endothelium is protected by a viscoelastic material, is delicately placed in the host
corneal bed with the help of a graft holder (Figure 13-14A). The first step of the suture consists of
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FIGURES 13-14A AND B: (A) Placement of the graft in the host corneal bed with
the help of a graft holder ensures that the endothelium is preserved. (B) The
4 separate cardinal sutures delimit 4 quadrants of identical size.

FIGURE 13-15: The interrupted sutures must be deep (80-
90%). If they are too superficial, the edges of the incision will
not be brought into apposition with a posterior wound gape.
Deep suture bites allow for appropriate wound apposition.

placing 4 cardinal sutures with a 10-0 nylon suture on a spatulated side-cutting needle (Figure 13-14B).
The location of the cardinal sutures is essential for the prevention of postoperative astigmatism. They
must be deep (80-90%) and fully perpendicular to the incision (Figure 13-15). They must delimit four
quadrants of identical size (Figure 13-14B). The tension lines between the anterior insertions of the
4 cardinal sutures form a diamond pattern. Any aberrant cardinal sutures should be replaced.

Complete Suturing

Additional sutures are placed to ensure adequate tissue apposition. A variety of suturing techniques
exist: single interrupted sutures (Figure 13-16), single running suture (Figures 13-17A and 13-18),
combination of interrupted and running sutures, and double running sutures (Figures 13-17B and
13-18). Different suture methods are used depending on the surgeon’s preference. None of these
methods have proved superior in astigmatism.20, 21 The interrupted sutures and running sutures
must bring into apposition the Bowman’s layers of the graft and of the host cornea (Figures 13-15
and 13-19). The edema of the graft, which will reduce progressively after the operation, results in a
major difference of the thickness between the graft and the host cornea. This makes apposition of
Descemet’s membranes impossible in the intraoperative stage. The knots are buried in the stroma of
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FIGURES 13-16A AND B: (A) At the end of the operation, the viscoelastic material
is exchanged for a balanced salt solution before tying the last suture. (B) Shown
is a set of 16-interrupted sutures after the suture knots are buried.

FIGURES 13-17A AND B: Shown is a single continuous running suture (A) and
a double continuous running suture (B).

FIGURE 13-18: Schematic suture technique for a single continuous running
suture. Some surgeons believe that an anti-torque running suture is helpful
in reducing astigmatism, whereas others have not observed any significant
effects with such a suture.

Antitorque pattern of single running suture. On the left, the overlying
radial sutures (full line) would result in a minimal suture torque and a reduced
risk of induced astigmatism. Intrastromal suture bites (dotted line) are
antitorque.

Torque pattern of single running suture. On the right, the intrastromal
suture is radial (dotted line), and the overlying torquing suture bites (full
line) could rotate the graft in the arrow direction and induce astigmatism.

the graft rather than in the recipient side to minimize vascularization. The total number of interrupted
sutures and passages of the running suture is usually between 16 and 24.

Readjustment of Sutures to Minimize Astigmatism

When a running suture is carried out, it is necessary to harmoniously distribute its tension before
burying the knot. The tension of the sutures may be checked at the end of the operation after
replacing the viscoelastic material in the anterior chamber with balanced salt solution (Figure 13-16).
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A disposable keratoscope may be used to this effect (Figure 13-20A). A suture adjustment may be
done until regular circular mires are obtained. Interrupted sutures that are too tight along the
shorter diameter of the oval may be replaced by sutures that have optimal tension to help achieve a
circular shape of the mires. The tension of the running suture can be modified by rotation.

Administering Medications

At the end of the operation, the wound is tested to ensure it is watertight (Figure 13-20B), and
topical antibiotic and corticosteroids eyedrops are applied.

FIGURE 13-19: Alignment of the graft and host epithelial
surfaces during suturing is critical. Differences between suture
depths in the graft versus the host may cause sectorial
overrides of the graft over the host, resulting in a giant
postoperative astigmatism.

FIGURES 13-20A AND B: (A) At the end of the operation, the reflex of the circular rings of the keratoscope enables the
observation of the suture tensions. The reflex must find circular mires that show homogenous tensions of the sutures.
(B) The wound is tested for water tightness. This is done after drying the surface with a cellulose sponge pressing at the
limbus and by observing the wound for leakage of aqueous humor.
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POSTOPERATIVE MANAGEMENT
Postoperative treatment usually consists of corticosteroids eyedrops associated with antibiotic
eyedrops. The corticosteroids used are Dexamethasone, Fluorometholone, Rimexolone and
Hydrocortisone. The treatment can be commenced with 3 to 4 daily instillations and finished with
an instillation every two days, and the corticosteroids eyedrops are usually stopped after a period
of 12 to 24 months. Topical corticosteroids can be stopped when all of the sutures are removed or
even earlier if they aren’t going to be removed.

Postoperative management of the sutures enables guided healing and reduces post-graft
astigmatism. The choice of sutures to be removed or the areas of a running suture to be loosened can
be guided by a corneal topography. Selective ablation of interrupted sutures and adjustment of the
tension of a running suture (Figure 13-21) give similar results in terms of reduction of postoperative
astigmatism.20, 21 Because of the risk of sutures breaking during the adjustment procedure, suture
adjustment should not be attempted unless facilities are available to make the repair. The choice to
leave in place the sutures long term or to remove all of the sutures is sometimes difficult. Usually, it
is desirable to leave most of the sutures in place for at least 12 to 18 months. An earlier ablation of all
of the sutures may lead to a gap in the wound and even to a wound dehiscence. Suture removal,
even years out from a PK, should not be viewed as risk free. Prior to and following suture removal
or manipulation, all patients should be given corticosteroids prophylaxis to avoid possible corneal
allograft rejection.

Successful follow-up of grafted patients is a major factor in the prognosis of the graft. Postoperative
complications are often reversible and correctible as long as they are diagnosed and treated early.

FIGURE 13-21: Rotation of a continuous running suture to correct
against the rule astigmatism of 5 diopters. Rotation of the sutures is
done from the flat (2) to the steep meridian (1) simultaneously
flattening the steep meridian and steepening the flat meridian.

Results
The survival rate of the graft in the medium term follow-up (2 to 5 years) is around 95% in
keratoconus.22-28 Sharif and Casey,23 using data from a case series of 100 eyes with an average follow-
up of 6.1 years, reported a 93% survival rate. Lim, et al26 using data from 93 eyes followed for an
average 46.5 months, reported a failure rate of only 1.02%. With a longer follow-up of 13.8 years
(range from 0.5 to 30.4 years) of 112 eyes, Pramanik, et al28 reported a 93.7% survival rate. The two
essential causes of graft failure after PK for keratoconus are allogenic graft rejection and non-immune
secondary endothelial decompensation of the graft. The survival rate of a PK after keratoconus is
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one of the highest. Thompson, et al27 reported on a series of 3992 PK with an average follow-up of 43
± 34 months. The survival rate of the grafts after keratoconus (n=449 eyes) was 98%. By comparison,
the survival rate of the grafts after pseudophakic bullous keratopathy (n=315) was 88%, 81% after
aphakic bullous keratopathy (n=105), 96% after Fuchs dystrophy (n=908), 88% for herpetic keratitis
(n=77), and 68% after a second graft (n=352).

The visual results are good in the majority of cases, with best corrected visual acuity (BCVA)
greater than or equal to 0.5 (20/40) in 70 to 91% of patients.26, 29-35 Olson et al29 reported that 87% of
eyes had a BCVA of 0.8 (20/25). Visual rehabilitation is often slow. The majority of patients require
optical correction after PK. In the study by Olson, et al the three main causes of postoperative
corrected visual acuity limited to less than 0.8 were cataract, graft rejection and superficial punctate
keratitis (found in 20% of cases at 6 months). Lim, et al26 reported that visual acuity greater than 0.5
(20/40) was observed 87% of cases at the end of the follow-up (0.63 on average). After PK, 67% of
eyes were corrected by glasses, 28% by contact lenses and 7% did not wear any corrective devices.

Patients are often shortsighted following PK for keratoconus. Brierly, et al30 reported a corrected
visual acuity greater than 0.5 in 84% of cases at 18 months (0.76 on average). The uncorrected visual
acuity was 0.28 at 18 months. The average spherical equivalent at one year was -4.13 ± 4.41 diopters
(D) with an average cylinder of 2.52 ± 2.45 D.

PK improves contrast sensitivity and the stereoscopic visual acuity of keratoconus.36, 37

Complications and Their Management
INTRAOPERATIVE COMPLICATIONS
The major intraoperative complication of PK is expulsive choroidal hemorrhage during the open-sky
phase of keratoplasty. Its incidence varies from 0.47% to 3.3%.38, 39 Sometimes it presents as a
postoperative choroidal detachment or choroidal hemorrhage. With open-sky expulsive hemorrhages,
an immediate posterior sclerotomy via a stab incision through the conjunctiva and sclera must be
performed. Because number 9-0 or 10-0 nylon may not be sufficient to secure the wound, number 8-
0 nylon or even 6-0 or 7-0 silk sutures should be used.

Other, less severe, traumatic complications may appear, such as injury to the lens and iris
particularly during trephination in thinned corneas. Iris-lens damage should be repaired. Iris damage
or iridodialysis are repaired with a 10-0 polypropylene suture. If the anterior lens capsule has been
opened, an extracapsular cataract extraction should be performed with placement of a posterior
chamber intraocular lens.

POSTOPERATIVE COMPLICATIONS
Corneal Allograft Rejection

Corneal allograft rejection is the main cause of graft failure after PKs for keratoconus. A higher risk
of rejection is associated with a young recipient age, corneal neovascularization of the recipient
(Figure 13-22), a large-diameter corneal graft, and prior graft failure, particularly due to rejection.
The rejection rate of corneal grafts varies from 20 to 35% in the literature.29, 35, 40,41 Olson, et al29

reported a corneal allograft rejection in 31% of cases, and in 36 of such cases, 7 had recurrences of
rejection. The majority of graft rejections were observed between 1 and 2 years after surgery. The
types of rejections were as follows: 12 out of 36 were epithelial rejections, 15 out of 36 were endothelial
rejections (Figure 13-23) and 9 out of 36 were mixed rejections. In contrast, the graft failure rate
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FIGURE 13-22: Corneal vascularization may be
favored by an interrupted or continuous suture.
Vascularized suture increases the risk of graft rejection.

FIGURE 13-23: Allogenic endothelial corneal graft
rejection with a Khodadoust rejection line and diffuse
keratic precipitates.

after PK is not as important because of the early diagnosis and “aggressive” management of the
corneal allograft rejection episodes. Paglen, et al35 reported a survival rate of the graft in keratoconus
at 11 years of 90%.

Curative treatment of the rejection must be started as early as possible to minimize endothelial
cell loss induced by the rejection reaction and to consequently increase the chances of recovering the
transparency of the graft after treatment. This implies that the patient needs to be fully informed of
the functional signs and of the need to seek medical advice immediately. The treatment of choice is
corticosteroids by topical, periocular, or systemic administrations. In case of acute corneal allograft
rejection reactions, frequent topical applications of corticosteroids with good intraocular penetration
may be completed with subconjunctival injections. The addition of systemic corticosteroids
(intravenous methylprednisolone pulse therapy, 3 to 5 mg/kg IV push per day for 3 days) is indicated
in serious cases, such as early rejection, severe inflammation, endothelial involvement, lack of response
to topical corticosteroids, and the recipient having a high risk of rejection.

Topically administered 2% Cyclosporin can be used in recipients with a high risk of rejection.
Cyclosporin must be used in the early stages of the immune cell response to be effective, and this
makes cyclosporin a prophylactic and a non-curative treatment of the rejection.
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Corneal Graft Astigmatism

Astigmatism is the main source of limitation in visual acuity after PK in patients with a clear graft.
Several factors contribute to astigmatism after PK: trephination of the graft and of the recipient
cornea, astigmatism of the recipient cornea and of the graft, a gap between the recipient cornea and
the graft (Figure 13-19), tension of the sutures, the quality of the wound healing and the experience
of the surgeon. Olson et al29 reported an improved astigmatism with postoperative follow-up: 6.14 ±
4.12 D before surgery, 4.04 ± 2.45 D at 1 month, 2.86 ± 2.14 D at 1 year and 2.76 ± 1.99 D at 2 years
(after surgical management of the astigmatism in some cases). If the suture-related astigmatism can
be partially corrected by postoperative management of the sutures (Figure 13-21), the other causes
of astigmatism can only be corrected surgically. In practice, the most difficult problem is that of
giant astigmatism (> 5 D) in a patient who has had all of the sutures removed. When this type of
astigmatism limits the corrected visual acuity and correction with glasses or contact lenses cannot be
tolerated, surgery for the astigmatism must be considered. This must only be done after some time
(after around 6 months minimum) from the ablation of the last suture and in a patient whose
astigmatism is stable on at least two examinations with an interval of several months.

The techniques most used are relaxing incisions including arcuate, transverse, and trapezoidal
keratotomies made with a diamond knife (Figure 13-24). The complications of astigmatic keratotomies
are perforation, infection and rejection. Prophylactic anti-rejection therapy, using topical

FIGURES 13-24A TO F: Astigmatic
keratotomy. A) The reflex of the
keratoscope mires shows an
inverse astigmatism. The steepest
meridian is on the horizontal axis
(along the shorter diameter of the
oval). (B) Location of the 180°
meridian on which the incisions are
to be made. (C) Micrometer diamond
blade is set according to the
preoperative pachymetry 1 mm or so
inside the periphery of the graft.
(D) The incisions must be deep (80
to 90% of the corneal thickness),
perpendicular to the graft surface,
and located either inside the graft-
host junction or in the wound itself.
(E) The incisions are washed with
BSS. (F) Intraoperative astigmatism
reassessment enables a flattening
of the horizontal meridian to be
observed. The reflex mires of the
keratoscope are more circular. The
persistence of an inverse astig-
matism can require other incisions
concentric to the first one during the
same session or remotely after
having assessed the full effect of the
initial incisions.
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FIGURES 13-25A TO C: Wedge excision. (A) Corneal graft astigmatism is very asymmetrical in this case. An arcuate
wedge of graft tissue is excised from the donor margin in the flat axis (B) causing steepening of the flat axis. (C) The
wound is resutured. Excision of a 1 mm wedge of tissue can correct 8 dioptres of astigmatism.

corticosteroids, is mandatory for at least a month following relaxing incisions. Other techniques
(such as compression sutures alone or in association with relaxing incisions and wedge resection)
are less frequently used. Wedge resections (Figure 13-25) are aimed at major astigmatisms, often
asymmetrical, with often unpredictable results.

The success of LASIK in reducing postkeratoplasty astigmatism has dramatically altered the
postoperative management of keratoplasty patients. Topography-guided laser in situ keratomileusis
(Topolink) (Figure 13-26) gives encouraging results in post-graft irregular astigmatisms.

Finally, the use of phakic toric intraocular lenses may be a helpful alternative in treating
postkeratoplasty astigmatism and ametropia.

FIGURE 13-26: Topography-guided laser in situ keratomileusis (Topolink) for the correction of a corneal graft irregular
astigmatism. The preoperative topographic map (B) shows marked asymmetry of the astigmatism. The topolink computer
calculates a customized ablation profile (C). The postoperative map (A) shows significantly improved astigmatism
symmetry within the 3 mm central zone. The differential map (A-B) shows the asymmetric ablation pattern, customized
to this individual eye. Visual acuity improved from 0.3 with –9 –5x25 to 0.6 with –7 –2x30.
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Side Effects of Topical Corticosteroids

Glaucoma and cataract may occur.
Intraocular pressure elevation is the second leading cause of graft failure after PK. In patients

with keratoconus, it is then often secondary to corticosteroids. Sustained elevation of intraocular
pressure not only damages the optic nerve head, but it also has a deleterious effect on the corneal
endothelium. Correction of elevated intraocular pressure refers to a reduction in corticosteroids
eyedrops (e.g. replacement of Dexamethasone with Fluorometholone), the use of topical or systemic
antiglaucoma medications, and even traditional filtering surgery on rare occasions (when either the
optic nerve or the graft is threatened by persistent elevation of intraocular pressure).

Cataract can be extracted through a separate incision after the wound is totally healed. The
endothelium must be protected by a good viscoelastic because of the risk of endothelial
decompensation. Cataract extraction in a young subject results in a constant loss of accommodation.

Other Complications

Shallow anterior chamber and wound leak: Lack of water tightness of the wound in the early postoperative
period can be due to a full thickness suture or an insufficient number of sutures. Additional sutures
may be applied in the operating room under topical anesthesia.

Epithelial defects: Epithelial defects are the source of visual loss, infection, rejection, stromal melting,
perforations, and even graft failure. Survival of a corneal graft is critically dependent on an intact
epithelial barrier. The quality of the postoperative epithelial wound healing necessitates frequent
use of lubricants, preferably preservative-free, to promote epithelial growth, as well as the use of a
bandage soft contact lens with high oxygen permeability in certain occasions.

Urrets-Zavalia syndrome: The first description of Urrets-Zavalia syndrome or fixed dilated pupil was
made by Urrets-Zavalia after a corneal graft for keratoconus.42 However, this syndrome is not
specific to PK in keratoconus, and it was reported following lamellar grafts and in other indications.
The mechanism is poorly understood, but it may involve iris ischemia. The role of mydriatics has
been brought up as well as that of early and transitory acute postoperative raised intraocular pressure.
Although rare, this complication prompts the use of mydriatics to be limited unless it is absolutely
necessary. A careful ablation of viscoelastic at the end of the operation seems just as suitable, in our
clinical experience.

Infections after PK: Postoperative endophthalmitis is a rare but sight-threatening complication of PK.
Its incidence is around 0.5%.43 Often, the infectious agents come from the conjunctival and palpebral
flora of the patient. The clinical signs, diagnosis and treatment of postoperative endophthalmitis
after PK are the same as those for endophthalmitis after cataract surgery.

Bacterial and fungal keratitis are complications that usually involve the graft or the wound. The
incidence of microbial keratitis ranges from 1 to 12% in patients operated for PK. Microbial keratitis
may be more frequent with topical steroids, persistent epithelial defect and suture related problems.
It presents in the form of a stromal abscess with a high risk of graft melting. A particular form is an
infectious crystalline keratopathy which takes the appearance of crystalline branching opacities (Figure
13-27). The most common organism causing crystalline keratopathy is Streptococcus viridans. The
identification of the etiology must be done with corneal scrapings for smear and culture in appropriate
media, as fungal species have also been implicated. Treatment for bacterial and fungal keratitis is
based on intensive regimen of broad-spectrum, fortified antibiotic eyedrops often with systemic
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FIGURES 13-27A AND B: (A) Streptococcus viridans
infectious crystalline keratopathy. (B) Note the
crystalline opacities in the anterior and mid stroma.

drugs. A therapeutic graft is sometimes necessary. Fungal keratitis may necessitate interruption of
the corticosteroids in the acute phase. The corticosteroids can be substituted with topical 2%
Cyclosporin, which, in addition to its anti-rejection action, possesses an anti-fungal action.44

Recurrence of herpes simplex keratitis in a graft is not uncommon. Herpes simplex keratitis may
also be observed in a patient who has never had herpes simplex keratitis. It has the distinctive
feature of inciting graft rejection. Therefore, the treatment must include topical antiviral agents
(administered topically and generally), and corticosteroids in the case of stromal keratitis.

In all cases, the prognosis of the initial graft is affected by these postoperative infections that
confer an increased risk of graft failure.

Traumas on the grafted eye: Traumas on the grafted eye may have disastrous consequences and may
even lead to the loss of the eye. Even after a long period of time from the trauma, a risk of wound
dehiscence may persist.

Non-immunologic endothelial decompensation of the graft: The endothelial decompensation of the graft is
another cause of graft failure of PK with progressive endothelial cell loss. Ing, et al45 reported the
outcomes of a series of 394 eyes with PK, 119 of which were followed for 10 years. Endothelial cell
loss, from all causes, was 4.2% per year over a period of 5 to 10 years after the graft. This was 7
times greater than the average normal loss estimated at 0.6% per year. Out of 48 eyes grafted for
keratoconus (40.3%) and followed up after 10 years, the endothelial cell loss was 73 ± 9% in 10 years
compared with preoperative values. It was 23 ± 30% between 5 and 10 years after the graft. This
progressive endothelial cell loss is the cause of the emptying of the peripheral endothelial reservoir
that greatly reduces the chances of survival of the graft and any subsequent grafts. Thus, this must
be taken into account in the decision to operate in young subjects.

Vitreoretinal complications: Retinal complications (retinal detachment, macular edema), due to open
eye surgery, are rare but may occur.

Recurrence of keratoconus: Lastly, a recurrence of keratoconus may be encountered. The mechanism of
progressive myopia observed after a graft for keratoconus is not understood. Ruhswurm, et al46

observed an average myopia of –0.86 D after ablation of the sutures and a myopia of –2.35 D 3 years
after the operation. This progressive myopia could be due to a recurrence of keratoconus at the level
of the grafted cornea. Published cases of recurrences of keratoconus have increased in number.
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Pramanik, et al28 reported on 112 eyes of 84 patients operated with PK for keratoconus with an
average follow-up of 13.8 years (range from 0.5 to 30.4 years). A recurrence of keratoconus was
confirmed in 6 cases (5.4%) after an average period of 17.9 years (range of 11 to 27 years). The
probability of having a recurrence of keratoconus after PK over 25 years was estimated at 11.7%.

It has not yet been clearly established whether a keratoconus recurs or a mild keratoconus from
the donor that has gone unnoticed becomes manifest. However, the average time of 17 years until
the onset of a recurrence of keratoconus is quite comparable with the time to natural development
of keratoconus in a teenager.

Discussion/Conclusions
Will the number of indications of corneal graft for keratoconus be reduced? Would the advances in
contact lenses, suppressive (corneal collagen cross-linking with Riboflavin: CXL) and additive
(intracorneal rings) treatments be able to avoid or delay a corneal graft?

CXL is aimed at progressive keratoconus.47 Its purpose is to “rigidify” a cornea which is
biomechanically unstable. This effect that was observed in vitro48, 49 is more difficult to quantify in
vivo. However, the first clinical results are encouraging,50-52 and the efficacy will continue to be
assessed over a longer period.

Of course, contact lenses, which are essentially rigid, remain the basic treatment for eyes with
keratoconus. Unfortunately, lenses are not tolerated in some patients who are often those with
allergies and whose corneas remain transparent. In these cases, the implantation of intracorneal
rings is a worthwhile alternative treatment to a corneal graft.53, 54 A longer period of time is also
necessary to assess what will become of these corneas. A combination of these two treatments
(CXL/rings) or even of these three treatments (CXL/lenses/rings) may also be used.

When the progression of keratoconus leads to central corneal scarring or major thinning, a corneal
graft is required. In this case, will the proportion of PK be reduced in favor of lamellar grafts?

The growing number of publications of lamellar graft techniques already marks this trend. Several
studies comparing the results of PK and lamellar grafts in keratoconus have shown identical visual
results.55-57 The operating technique in lamellar grafts is more difficult than that of PK but they offer
notable advantages in terms of conservation of the endothelium, graft rejection, faster corneal wound
healing, and a shorter duration of the use of corticosteroids.

In certain cases, when the endothelium is involved, PK remains the only surgical alternative. If
not, the choice between PK and lamellar grafts depends essentially on the preference and experience
of the surgeon.

Long considered as the reference surgical treatment for keratoconus, today, PK is part of a
therapeutic arsenal that has been considerably enriched in the past few years. PK in keratoconus
requires a perfect surgical technique. The benefits of the femtosecond laser in the surgical technique
remains to be demonstrated, and the technique may still benefit from future improvements. The
visual results of PK in keratoconus are good in the majority of cases. This surgery, carried out most
often in young patients, may lead to complications which should be early detected, in order to
detect them early and provide appropriate solutions. Thus, the surgical indication of PK in a patient
with keratoconus must always take into account this benefits/risks ratio. Although PK may be
increasingly replaced with lamellar grafts, nevertheless, PK is an established surgical technique in
keratoconus that has been greatly studied for its efficacy.
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Introduction
Refractive anisometropia and high postoperative astigmatism are common problems after penetrating
keratoplasty (PKP) and can jeopardize patient’s visual rehabilitation and return to binocular function.1

First studies on astigmatism after PKP reported mean corneal astigmatism of 4-5 D,2,3 and estimated
that 10% of penetrating grafts resulted in at least 5-6 D of keratometric astigmatism.4-7 In keratoconic
eyes this percentage could be as high as 27%.8 Topographic studies on post-PKP astigmatism have
shown that regular astigmatism is found in 24% of patients, while irregular astigmatism is found in
72% of patients. Moreover, the incidence of irregular astigmatism increases over time after surgery.9

Advances in microsurgical techniques and better knowledge of the factors that influence the refractive
outcome of PKP have reduced the incidence of high postoperative astigmatism.1,10-12 However,
astigmatism after PKP is still a problem in some cases.13,14

Several factors determine postoperative astigmatism (Table 14-1). Some may be controlled by
the surgeon and others not, and include variations in corneal hydration, changes in forces that
develop at the graft-host interface,15 refractive characteristics of the donor,16-20 graft-host
interactions,21-26 and the effect of sutures (Figure 14-1A).22,27-30 Most studies have evaluated those
factors that may be modified by the surgeon such as the type of suture, intraoperative or postoperative
management of the suture, and trephine-punch size and technique.21-30

Femtosecond (IntraLase® Corp, AMO, CA; VisuMax, Carl Zeiss Meditec AG, Jena, Germany; or
Femtec, 20/10 Perfect Vision AG, Heidelberg, Germany) laser has been used to perform the cut of
both the host and the donor button in a variety of shapes (e.g. mushroom, mushroom inverted, zig-
zag, top-hat, etc…),31-36 and shows good promise in surgical management of corneal diseases. The
multiplanar fit and increased area of wound healing between the donor and recipient cornea may
allow early suture removal and visual rehabilitation.31,32,34 However, the effect of femtosecond laser-
assisted keratoplasty on postoperative astigmatism in the long-term needs to be established.

PKP has shown good long-term outcomes when performed in keratoconic eyes.37-39 Due to concerns
on the risk of endothelial rejection of the corneal graft and long-term progressive endothelial cell
loss associated with PKP procedures, deep anterior lamellar keratoplasty (DALK) has been proposed
as an alternative for the treatment of keratoconus and any other corneal condition with a healthy
endothelium. Apart from the obvious advantages of maintaining the native endothelium (rejection
and endothelial cells’ survival), with DALK the strength of the wound when facing ocular trauma is
greater, and, theoretically, visual rehabilitation may be faster and the amount of residual ametropia
lower.36,40-42 In our experience, although DALK seems a safer approach from a mechanical and

TABLE 14-1: Factors determining residual astigmatism
after penetrating keratoplasty

Not controlled by surgeon May be controlled by surgeon
Corneal hydration Donor’s refractive characteristics16-20

Epitelial/stromal wound healing15 Graft-host interactions:21-26

- Apposition21

- Thickness
- Trephine-punch size/shape22,24

- Eccentricity corneal graft23,25

Remodeling15 Sutures:22,27-30

- Type (interrupted, running,…)
- Intra/postoperative management
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FIGURE 14-1: (A) Combination of running and interrupted sutures in penetrating keratoplasty. (B) Arquate keratotomies
(AK) to correct residual astigmatism after penetrating keratoplasty. Two AK of 60° of arc are performed on the steeper
meridian, and are centered over the pupil. (C) Implantation of the iris-claw toric phakic IOL (Artisan/Verisyse) to correct
residual astigmatism after penetrating keratoplasty and AK.

endothelial point of view, PKP provides better optical quality, and similar refractive results (Guell
JL, et al. Personal report for the American Academy of Ophthalmology 2004). Because improved
surgical approaches for DALK have been developed, optical and visual results are improving.43.44

Spectacle correction is tolerated in those cases presenting small to moderate ametropia with less
than 3 D of anisometropia or astigmatism less than 4 D.45,46 Around 25-60% of PKP for keratoconus
(KC) do not achieve their best-corrected visual acuity (BCVA) only with spectacles, and may be
aided with contact lenses (CL), specially rigid gas-permeable CL if significant irregular astigmatism
is present.47-49 Contact lens fitting has been reported to be successful in 80-90% of these cases. However,
27% of chronic CL users become intolerant, and a considerable amount of patients do not want to
wear CL. In such cases, surgical intervention may be required to achieve optimal visual
rehabilitation.50-53

Different surgical options have been proposed for visual and refractive rehabilitation after PKP:
incisional corneal refractive surgery [relaxing incisions, astigmatic keratotomy (AK).,54-56 or wedge
resections],57,58 ablational corneal refractive procedures [laser-assisted in situ keratomileusis (LASIK)
and photorefractive keratectomy (PRK)], additive corneal refractive surgery (intrastromal corneal
ring segments (ICRS),59 implantation of spherical or toric phakic or pseudophakic IOLs,60,61 and when
severe irregularity and/or decentration is present, PKP may be repeated (Figures 14-1B and C).
This chapter deals with surgical tips, results, and complications of both LASIK and implantation of
toric phakic IOLs as the most common procedures in our practice for visual rehabilitation after PKP
in keratoconic eyes.

Corneal Refractive Surgery and Penetrating Keratoplasty
Both LASIK62-65 and PRK66,67 have been used to correct refractive errors after PKP. LASIK has been
used more commonly to correct myopia and myopic astigmatism, as it usually presents several
advantages over PRK, including rapid visual rehabilitation, decreased stromal scarring, less irregular
astigmatism, and minimal regression. Moreover, LASIK is theoretically able to treat a wider range
of ametropia.63, 68

On the other hand, PRK has been associated with loss of BCVA related to significant residual
stromal haze,68-73 which has been related to the magnitude of the ablations required and has been
coupled with the regression of the obtained refractive effect.68 Despite the recent advances in surface
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ablation techniques which might change our standard in the near future, LASIK is currently the
technique of choice to correct low and moderate post-PKP refractive errors.

In those cases with high levels of astigmatism, AK may be performed first to reduce astigmatism
to a level at which a more predictable refractive surgery such as LASIK or implantation of a phakic
IOL can be used to correct residual ametropia.54,65,74-77

INDICATIONS
Excimer refractive surgery should be considered to correct refractive errors after PKP when
anisometropia is not successfully corrected with spectacles, and in cases of CL intolerance. The
primary goal of LASIK after PKP is to reduce the degree of ametropia, which allows spectacle
correction and return to binocularity. The inclusion criteria for LASIK after PKP are the same as for
LASIK in non-PKP patients. However, some additional cautions must be taken into account (Table
14-2).78-80

TABLE 14-2:  Indications and contraindications for laser-assisted in-situ
keratomileusis for residual ametropia after penetrating keratoplasty

Indications Contraindications
• Refractive stability at least 6 months • Graft rejection, recurrence of herpetic

after extraction of sutures ocular disease, or inflammatory
• Minimal maintenance or no topical condition

corticosteroids • Marked peripheral corneal
• CCT > 500 µm79 vascularization
• Residual stromal bed > 250 µm • Significant corneal anesthesia
• Sim K 38 – 55 D80 • Thin host tissue

• Wound ectasia
• Significant graft override/Wound

malapposition:78,80

- misalignment graft-host junction
   > 10%
- internal gaping > 20%

Although refractive stability after PKP is not easily determined, it has been generally accepted to
perform corneal refractive surgery at least 6 months after extraction of all sutures, which means, at
least about 18 months after PKP. Apart from the time elapsed after PKP, the stability of refraction
and corneal topography suggest a low level of active wound remodeling. The amount of whitening
and scarring, as well as its thickness profile, of the wound should also be verified to avoid wound
dehiscence or problems when cutting the flap.81

Dry eye or corneal hypo/anesthesia are more common in post-PKP patients, especially the elderly
ones, and increase the risk of ocular surface problems after PKP. Therefore, management of ocular
surface problems is mandatory before LASIK. Endothelial cell count should also be performed. The
effect of LASIK on endothelial cell counts on PKP eyes remains unclear. Although some studies
report an endothelial cell loss of 8.6%-10.56%,62,82 other series have found no significant alterations.63,83

STEP-BY-STEP SURGICAL TECHNIQUE
LASIK technique in PKP eyes is essentially the same as our standard LASIK procedure. Diazepam
(5 to 10 mg) is administered orally about 30 minutes before surgery. Topical anesthesia (proparacaine
hydrochloride 1%) is instilled 1 drop every two minutes starting 6 minutes before surgery. In cases
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of LASIK for moderate-high astigmatism, the horizontal meridian is marked at the limbus while the
patient is sitting at the slit-lamp in order to verify the correct alignment once under the surgical
microscope.

Betadine solution 10% is applied to the closed eyelid and the lashes of the operative eye are
isolated with a sterile plastic drape as in any other standard anterior segment surgical procedure.
Various types of microkeratomes and machines may be used. Currently, we use the Amadeus
microkeratome (Ziemer Ophthalmic Systems AG, Switzerland) to cut the flap and we perform the
ablations with the MEL 80 excimer laser (Carl Zeiss Meditech, Jena, Germany). Once the personalized
parameters have been set at the console unit, the microkeratome suction ring is centered over the
pupil, and the guides and corneal surface are moisturized before cutting the flap. The microkeratome’s
head should be individually adapted depending on preoperative K-readings and corneal graft
diameter. A head of 8.5-mm diameter and 140-µm thickness is generally used for graft sizes up to
8.5 mm. For longer grafts, the 9-mm diameter head is used. To achieve better wound apposition of
the flap, it is recommended to avoid initiation of the flap edge at the graft-host junction, even
though this is difficult to achieve, especially with larger grafts.62 The flap is then folded to the nasal
side of the eye using our modified iridodialysis spatula.

The stromal bed is dried and the laser beam is focused on the center of the pupil, the proper axis
centration is checked, the eye-tracker system is activated, and the ablation is performed. After the
ablation, the stromal bed is washed with filtered balanced saline solution (BSS, Alcon) and the flap
is repositioned and its border carefully dried with microesponges. To confirm adequate adhesion,
the peripheral cornea is indented with a microsponge to check for the presence of striae. As adherence
of the flap takes longer in post-keratoplasty patients due to poorer endothelial function, a prolonged
waiting period of 5 minutes is recommended.62,84 Finally, the lid speculum is gently removed, and a
drop of tobramycin and dexamethasone are instilled. Steroidal drops will be used for several weeks
under a slow taper regimen (Figure 14-2). When performing LASIK in PKP eyes, some additional

FIGURES 14-2A TO H: Step-by-step surgical technique for LASIK after penetrating keratoplasty. (A) The lashes of the
operative eye are isolated with a sterile plastic drape. (B) After setting excimer laser’s parameters, the microkeratome
(Amadeus, Ziemer Ophthalmic Systems AG, Switzerland) suction ring is centered over the pupil. (C) The guides and
corneal surface are moisturized, and the flap is cut. (D) The flap is then folded to the nasal side of the eye using an
iridodialysis spatula. (E) The stromal bed is dried and the laser beam is focused on the center of the pupil, the eye-
tracker system is activated, and the ablation is performed. (F) The stromal bed is washed with filtered balanced saline
solution (BSS, Alcon). (G) The flap is repositioned. (H) The border of the flap is carefully dried with microsponges.
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difficulties may be encountered. It is of utmost importance to check the correct apposition and
scarring of the graft-host interface. As there is a long-term instability of PKP wounds, partial wound
dehiscence may occur while cutting the flap. If this is the case, LASIK may be performed uneventfully
and, in some cases, the wound may require suture.

High keratometry readings are relatively common in PKP patients. Therefore, flap complications
typical of steep corneas such as thin flaps or buttonholes may occur. Moreover, it has also been
postulated an increased risk of recurrence of keratoconus in the graft after excimer laser ablations.

Topography-guided ablations constitute adequate options to correct or reduce irregular astigmatism.
However, the efficacy of guided ablations compared to the standard approach is still controversial.85-87

In those cases with high levels of astigmatism, AK may be performed first to reduce astigmatism to
a level at which LASIK can be used to correct residual ametropia, while less tissue is ablated.54,65,88,89

It is generally recommended to perform LASIK at least 6 months after incisional surgery.62

Simply performing a hinged lamellar keratotomy induces a biomechanical response of the cornea
that results in changes of its shape.90,91 Also, cutting a 160-µm corneal flap in eyes after PKP results in
significant changes of both spherical equivalent refraction and astigmatism that may result in inaccurate
refractive corrections if pre-flap refraction is applied.92,93 For this reason, several authors advocate to
perform LASIK after PKP as a 2-stage procedure. Excimer ablation by relifting the flap is performed
once the corneal shape is stabilized (1 to 3 months after keratotomy).93-99 Nevertheless, as we have
previously mentioned with topo-guided or wavefront-guided ablations, a superior efficacy of the
2-step approach is still controversial.

Toric Phakic Intraocular Lenses and PKP
INDICATIONS
Inclusion and exclusion criteria for implantation of phakic IOLs are summarized in Table 14-3. The
toric Artisan-Verisyse is our phakic IOL of choice for the correction of residual moderate-high
myopic or hyperopic astigmatism after PKP. The toric Artisan/Verisyse pIOL is a one piece, 5-mm
optic, PMMA lens which is available in powers ranging from +12 D to -23.5 D in 0.5-D increments,

TABLE 14-3: Generally recommended inclusion and exclusion criteria for
phakic IOL implantation

Inclusion criteria Exclusion criteria
• Age > 21 years • Background of active disease in the
• Stability of refraction at least 1 year anterior segment
• Ametropia not correctable with • Recurrent or chronic uveitis

excimer laser surgery • Any form of clinically significant
• Unsatisfactory vision with/intolerance cataract

of contact lenses or spectacles • Previous corneal or intraocular
• Irido-corneal angle ≥ 30° surgery (to be evaluated)
• cECC > 2300 cells/mm2*: • IOP > 21mmHg or glaucoma

(> 2500 cells/mm2 if >21 years old, • Preexisting macular degeneration or
> 2000 if >40 years old) macular pathology

• No anomaly of the iris or pupil function • Abnormal retinal condition
• Scotopic pupil size < 5-6 mm • Systemic diseases (e.g.
• Toric PIOL if astigmatism > 2 D autoimmune disorder, connective

tissue disease, atopia, diabetes
mellitus)

* Lower cECC are accepted in selected cases
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with additional cylinder from 1.0 D to 7.0 D, also in 0.5-D increments. There are two available
models for correcting, with a similar surgical technique and incision positioning, any astigmatic axis:
a toric Artisan phakic IOL with a cylinder axis at 0 degrees (model A) and a toric Artisan phakic IOL
with a cylinder axis at 90 degrees (model B) with respect to the position of the haptics. When the axis
of the cylinder is between 0 and 45 degrees or 135 and 180 degrees, model A is recommended; when
the axis of the cylinder is between 45 and 135 degrees, model B is recommended.

The foldable model of the iris-claw lens is the Artiflex (Ophtec, Groningen, The Netherlands).100,101

It is a Hydrophobic Polysiloxane foldable design with a 6.0-mm optic and powers ranging from –2 D
to –14.5 D in 0.5 D steps. Currently, we participate in an ongoing multicenter European clinical trial
on the toric model of the Artiflex lens, which can be implanted through a 3.1-mm incision.102

Lens power is calculated using Van der Heijde’s formula,103 which includes patient’s refraction,
keratometry and adjusted ultrasound or anterior segment optical coherence tomography (OCT)
central anterior chamber depth (ACD). For a proper placement of the TPIOL, the surgeon receives
an illustration of the correct TPIOL position.

STEP-BY-STEP SURGICAL TECHNIQUE
Depending on the surgeon’s familiarity with the technique, general, retrobulbar, peribulbar or topical
anesthesia may be used. For the Verisyse®  PIOL implantation procedure retrobulbar or peribulbar
anesthesia is generally recommended. Toric Verisyse implantation requires careful preoperative
marcation of the axis of implantation. Marcation of the axis should be performed preoperatively at
the slit-lamp, or in the Argon laser, to avoid implantation errors due to cyclotorsion and/or position
changes induced by the retro or peribulbar anesthesia injection, and the positioning of the patient
under the surgical microscope.

According to our recommended technique, a two-plane, 5.2-mm posterior corneal incision is
centered 90° apart the axis of enclavation, and two vertical paracenteses are directed towards the
enclavation area. Alternatively, a scleral incision may be used. Wound construction is important to
minimize induced astigmatism or wound leaks. Most surgeons center the incision at the steep meridian
when using model A toric phakic Artisan.

The pupil should be constricted so as to protect the crystalline lens from the contact with the
PIOL or surgical instruments during the surgery. This can be achieved either instilling 1% pilocarpine
preoperatively or injecting acetylcholine (Myochol, Ciba Vision) in the anterior chamber at the
beginning of the procedure, or both. We do not usually use pilocarpine before the surgery. Taking
advantage of the capability to locate this type of implant over the center of the pupil, it should be
marked on the cornea (“entrance pupil”) preoperatively if using 1% pilocarpine, or at the beginning
of the surgery if using intracameral acetylcholine, so as to enable a proper, final centration of the
PIOL. Once the anterior chamber is filled with a cohesive viscoelastic material, the lens is introduced
and rotated up to the axis of enclavation. The PIOL is fixed with an enclavation needle that pushes
the iris into both claws. The needle is introduced through one of the paracentesis and holds the fold
of iris while the lens is slightly depressed with the implantation forceps so that the claws will
automatically grasp the iris. Then, hands are switched and the same maneuver is performed through
the other paracentesis. Both the fixation of the iris claws and the proper centration of the PIOL over
the pupil should be checked before the next step, which is one of the main advantages of this PIOL
style. It is not unusual to have a mild ovalization of the pupil because of the effect of the miotic. If the
lens is not well centered or oriented, the lens enclavation can be released by pushing in the central
portion of the claw with the enclavation needle.
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A peripheral iridectomy should be performed to prevent postoperative pupil block. Alternatively,
Nd:YAG laser can be used to create two small iridotomies 90° apart preoperatively. The wound is
then sutured with five interrupted 10-0 nylon stitches. At the end of the procedure, the proper
tension of the sutures is checked with a standard qualitative Maloney keratoscope (Figure 14-3).
Beginning at week 4, and over a period of 3 months, sutures are selectively removed, depending on
the patient’s refractive and topographic astigmatism.

Implantation of the foldable model requires a 3.1-mm incision, which corresponds to the width
of the PMMA haptics. The Artiflex lens is inserted using a specially designed spatula, and the process
of enclavation is the same as for the PMMA lens. The only difference is that the lens is grasped with
the implantation forceps by the base of the haptic instead of by the edge of the optic. The posterior
corneal 3.1-mm incision is usually water-tight, but we prefer to suture it with a 10/0 nylon suture.
Suture is removed by three weeks after surgery (Figure 14-4).

Refractive Surgery after Penetrating Keratoplasty for
Keratoconus: Our Experience
From 1998 to 2006, Dr. J.L. Guell performed 663 keratoplasties at our institution, Instituto de
Microcirugia Ocular, Barcelona, Spain. Overall, primary or secondary corneal ectasia accounted for
28% of cases (190/663): 23% (155/663) keratoconus, 4% (29/663) ectasia secondary to corneal refractive

FIGURES 14-3A TO F: Step-by-step surgical technique for the implantation of iris-claw toric phakic IOL for the correction
of astigmatism after PKP. (A) Preoperative marcation of the axis of implantation. (B) Two vertical paracentesis directed
towards the site of enclavation are performed. (C) Pupil constriction is achieved by injecting acetylcholine (Myochol,
Ciba Vision) in the anterior chamber. The anterior chamber is filled with a cohesive viscoelastic material, the lens is
introduced by means of a special forceps and rotated up to the axis of enclavation. (D) Enclavation process. The
enclavation needle is introduced through one of the paracentesis and holds the fold of iris and the claws automatically
grasp the iris. (E) A peripheral iridectomy using scissors is performed to prevent pupil block. (F) The wound is then
sutured with five interrupted 10-0 nylon stitches.
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FIGURES 14-4A TO F: Implantation of the Artiflex/Veriflex phakic IOL (A) A 3.1-mm incision is required. (B) The Artiflex
lens is inserted using a specially designed spatula. (C) The enclavation needle is introduced through one of the
paracentesis and holds the fold of iris while the lens is grasped with the implantation forceps by the base of the haptic.
(D) Hands are switched and the same maneuver is repeated to enclavate the other claw. (E) The incision is sutured
with a 10/0 nylon suture.

FIGURE 14-5: Evolution of postoperative astigmatism after penetrating keratoplasty
for corneal ectasia: ectasia secondary to corneal refractive surgery (CRS),
keratoconus (KC), and pellucid marginal degeneration (PMD). Postoperative
astigmatism is highest in PMD, followed by KC, and lowest in CRS.

procedures, and 1% (6/663) pellucid marginal degeneration (PMD). As it has been previously
described, significant astigmatism is one of the main causes that impair visual rehabilitation after
PKP. Interestingly, PKP performed in patients with PMD have higher postkeratoplasty astigmatism
than patients with keratoconus or secondary ectasia (6.8 ± 4.6 vs 2.98 ± 1.63 and 2.25 ± 2.38, respectively)
(Figure 14-5). This phenomenon may be due to the greater peripheral thinning that exists in PMD
and KC, and not in CRS.
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Due to postoperative astigmatism and ametropia, and both patient’s and surgeon’s increasing
demands, a significant amount of patients require additional procedures to achieve visual
rehabilitation and restore binocular vision. In our series refractive procedures were required by
69.6% of patients undergoing PKP for keratoconus, 86.2% of patients undergoing PKP for secondary
ectasia, and 66.6% of patients undergoing PKP for PMD. Table 14-4 summarizes surgical procedures
performed and their prevalence for each group of patients.

Twenty-one percent of patients required more than one procedure to achieve optimal correction.
Corneal graft rejection episodes were only observed in 7 KC eyes (4.5%), while no case of rejection
occurred among secondary ectasia and PMD patients.

Both corneal refractive surgery and toric phakic IOL implantation significantly reduced the amount
of post-PKP astigmatism (from 3.58 ± 1.59 preoperatively to 2.83 ± 1.89 and 0.88 ± 0.53, respectively).
However, in our hands, toric phakic IOL implantation showed better predictability and stability. As
far as safety is concerned, none of the eyes lost any line of BSCVA, and the vast majority of them
(>90%) gained one or more lines of BSCVA.

VERISYSE TORIC PHAKIC IOL TO CORRECT RESIDUAL ASTIGMATISM AFTER PKP
We report follow-up data of implantation of Verysise™ TPIOLs in 19 eyes of 14 patients with residual
astigmatism after PKP (Figure 14-6). After suture removal and refractive stabilization, we implanted
Verysise™ TPIOLs in 19 eyes of 14 patients with residual astigmatism after PKP for corneal ectasia
(11 eyes primary keratoconus, 8 eyes secondary ectasia due to previous refractive surgery).

Mean (± standard deviation) spherical equivalent (SE) and cylinder before TPIOL surgery were
–4.15±0.16 D and –4.54±1.55 D, respectively. After 4 years, they were -0.34±0.95 D and –1.32±0.90 D,
respectively (Figure 14-7). Table 14-5 summarizes refractive, visual and endothelial cell count
preoperative data and after 4 years of follow-up. Sixteen eyes (84.2%) were within 1 D of intended
spherical correction, and 10 eyes (52.63%) were within 1 D of intended cylinder correction.

Preoperative BSCVA was 0.55±0.16. Four years postoperatively, BSCVA was 0.66±0.18, and UCVA
was 0.54±0.21. BSCVA and UCVA improved over the follow-up period (Figure 14-8). Efficacy and
safety indexes were 0.98 and 1.18, respectively.

TABLE 14-4:  Additional refractive procedures to correct residual
ametropia after penetrating keratoplasty

KC CRS PMD
n=155 n=29 n=6

RP required 108/155 (69.6%) 25/29 (86.2%) 4/6 (66.6%)

LASIK 18/108 (16.66%) 3/25 (12%) 0

AK 38/108 (35.18%) 6/25 (24.1%) 1/4 (25%)

TPIOL 9/108 (8.33%) 7/25 (28%) 0

CATARACT 30/108 (27.77%) 7/25 (28%) 3/4 (75%)

PKP 7/108 (6.48%) 0 0

OTHER  6/108 (5.5%) 2/25 (8%) 0

KC = keratoconus; CRS = corneal refractive surgery; PMD = pellucid marginal
degeneration; n = number of patients; RP = refractive procedures; LASIK = laser-
assisted in situ keratomileusis; AK =arquate keratotomies; TPIOL = toric phakic
intraocular lens; PKP =penetrating keratoplasty



161

Refractive Surgery after Penetrating Keratoplasty

FIGURES 14-6A TO D: Clinical photographs. (A) Iris-claw toric phakic intraocular lens (TPIOL) four years after
implantation to correct residual astigmatism after penetrating keratoplasty (PKP) for keratoconus (KC). UCVA is 20/50
and BSCVA is 20/40 with 140° -2 +1.25. (B) PKP in a patient with corneal ectasia secondary to CRS. Preoperative
BSCVA was 20/40 with 5° -4.5 -8. Six months after TPIOL implantation UCVA was 20/30, and BSCVA was 20/25 with
30° -1.25. (C) PKP in a patient with KC. Preoperative BSCVA was 20/40 with 5° -4.5 -8. Four years after TPIOL
implantation UCVA was 20/40, and BSCVA was 20/25 with 70° -2 +0.25. (D) Optical quality of patient C. Point-spread
function image obtained with the Optical Quality Analysis System (OQAS, Visiometrics SL) shows good optical quality
after TPIOL implantation.

FIGURE 14-7: Stability of spherical equivalent and cylinder after toric phakic
intraocular lens (TPIOL) implantation throughout the 4-year follow-up period.

Our 4-year follow-up data fits with that of Tahzib and cols, showing better reduction of the
refractive cylinder than most reported LASIK series. Reported enhancement rates after LASIK in
PKP eyes ranges from 9.1% to 53% of cases.65,87,104-106 None of our TPIOL patients required any CRS
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FIGURE 14-8: Best-spectacle corrected (BSCVA) and uncorrected visual
acuity (UCVA) slightly improved throughout the 4-year follow-up period.

TABLE 14-5: Baseline data and four years after implantation of toric Verisyse phakic
intraocular lens to correct residual ametropia after penetrating keratoplasty

 PREOPERATIVELY 4 YEARS
SE -4.15±0.16 D (-21 to +7 D) -0.34±0.95 D (-1.5 to +1.4 D)

CYL -4.54±1.55 D (-9 to -2D) -1.32±0.90 D (-2.5 to 0 D)

UCVA < 20/400 20/30 (20/100 - 20/27)

BSCVA 20/40 (20/50 - 20/25) 20/30 (20/40 - 20/27)

ECC cells/mm² 1947 ± 645 1598 ± 243
(3128 to 823) (2530 to 973)

SE = spherical equivalent; CYL = cylinder; UCVA = uncorrected visual acuity; BSCVA = best-
spectacle corrected visual acuity; ECC = endothelial cell count; D = diopters

enhancement. Moreover, the stability of the postoperative refractive cylinder after Verisyse TPIOL
implantation up to 4 years was excellent. In contrast, progressive changes have been reported in
refraction and topography in 35.7% of cases after LASIK after a mean follow-up time of 26.9 months.79

Moreover, high enhancement rates after LASIK may be explained by the effect of the flap cut alone
that may induce a significant change in refractive astigmatism.90-93 To reduce the incidence of
enhancements, a 2-step approach has been proposed,93-99 but it is unclear whether it bears a higher
risk for complications like epithelial ingrowth, wound-healing problems, and flap dislocation.

None of our patients lost any line of BSCVA, which contrasts with the 2-line loss in 8.3% of cases
after Artisan implantation,60 or the 2-line loss in 4.3%62 to 16%64 (Hardten) of eyes after LASIK for
postkeratoplasty astigmatism. In postPKP eyes, optical quality may also be better after PIOL
implantation than after LASIK, as it has been reported in non-PKP eyes.107,108

Endothelial cell loss rate was 18% at 4 years (Figure 14-9), which is higher than the rate reported
for non-PKP eyes (4.8% at 3 years,109 1.7% at 2 years,110 and 5.11% at 5 years111). A previous study
from Tahzib, et al reported a mean endothelial cell loss of 30.4% ± 32.0% at 36 months. They also
noticed that there was a significant continuing progressive endothelial cell loss at each time point as
compared with preoperative cell density levels and at 6 months as compared with 12, 24, and 36
months.60 This may be due to the increased vulnerability of the corneal graft endothelium, which
usually has low cell densities and may cause a higher rate of endothelial cell loss.60,112 After routine
keratoplasty, the annual rate of endothelial cell loss from 3 to 5 years after keratoplasty is 7.8% per
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FIGURE 14-9: Endothelial cell count showed
18% decrease at 4 years.

year,112 and from 5 to 10 years is 4.2% per year,112-114 which is higher than the ‘physiological’ endothelial
cell loss of 0.6% per year with age.115 Although LASIK seems safer for the endothelium than the
implantation of TPIOL, it may be complicated by flap complications, including diffuse lamellar
keratitis,105 buttonhole flaps,79,83 wound dehiscence,116 and epithelial ingrowth.79 Also, LASIK has
limitations due to corneal graft thickness and the amount of ametropia and astigmatism suitable for
correction.67,79,80,83,92,106,117-119

In conclusion, additional refractive surgery is frequently required for visual rehabilitation after
PKP. Several surgical options have been used to correct significant ametropia. In our experience,
Verisyse™ TPIOL implantation has been a predictable, effective, and safe refractive procedure for
the correction of high spherical and astigmatic errors after PKP. However, longer follow-up is
mandatory to clarify the effect of this surgery on the corneal endothelium of the graft, as well as
compared to chronic use of contact lenses.
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Introduction
High astigmatism is one of the most common and difficult problems after grafting, representing one
of the major vision-limiting factors after penetrating keratoplasty (PK). Some known causes for
post-keratoplasty astigmatism are size thickness and shape differences between donor and host
eccentric placement, irregular scarring at host junction and asymmetric forces in the cornea resulting
in shape alterations.1, 2 Despite substantial improvement in visual acuity after PK and a clear graft,
significant postoperative astigmatism can remain and limit visual performance and decrease patient
satisfaction after successful PK. A thorough study that classified astigmatism patterns after PK found
that 24% showed regular astigmatic patterns and 72% showed irregular astigmatic patterns.3 We
know that patients generally do not tolerate more than 3-4 diopters (D) of anisometropia and/or
astigmatism.4

Currently, there is no standard approach for the management of astigmatism after PK. Treating
this type of astigmatism remains a challenge and many techniques can be applied. Various methods
have been tried to treat post-keratoplasty astigmatism and include wedge resections, relaxing incisions,
customized laser ablation such as photorefractive keratectomy (PRK), laser in situ keratomileusis
(LASIK) and laser-assisted subepithelial keratectomy (LASEK). Until now, LASIK appears to be the
preferred technique for correction of anisometropia and astigmatism after keratoplasty.5-13 The
reduction of refractive astigmatism after LASIK varies from 48% to 88%. However, enhancements
were reported in 9.1%,14 15%,15 42.9%,6 45%16 and 53%8 of cases and in one study, LASIK was combined
with arcuate incisions in the stromal bed in 54% of eyes (Table 15-1).17

Another treatment option is the surgical implantation of a toric phakic intraocular lens (IOL). The
advantage of this surgical technique is the fact that the implantation requires no direct manipulation
or ablation of the donor cornea. The iris-fixated toric Artisan IOL can provide a wide field for
correction of post-keratoplasty astigmatism and ametropia. A study by Nuijts, et al18 demonstrated
the safety and efficacy of this procedure, showing a 91.0% reduction of the refractive cylinder,
which is higher than LASIK post-PK studies have shown. None of the treated eyes lost best-corrected
visual acuity (BSCVA) lines and 50% gained at least 2 lines of BSCVA. They also showed that the
postoperative refractive error remained stable up to 12 months after the Artisan lens implantation.
They reported an endothelial cell loss of 7.6% at 3 months, 21.7% at 6 months, and 16.6% at the last
follow-up (mean of 8.4 months).18 Moshirfar, et al have described 2 successful cases of implantation
of the iris-fixated phakic IOL for the correction of myopic refractive error after keratoplasty,
demonstrating no significant endothelial cell loss.19 A more recent study by Moshirfar, et al showed
2 cases of Artisan lens implantation post-PK, demonstrating an endothelial cell loss of 25.6% in one
case and 42% in the other.20 The Artisan lens also has shown to be rotationally stable,21-23 which is of
great value when attempting to correct higher degrees of astigmatism, since minimal differences
between achieved and intended lens axis alignment can lead to a reduced corrective value of the
lens. Approximately one-third of the cylindrical correction is lost if the IOL is rotated 10° off the
axis. Axial misplacement of the Artisan toric IOL is probably related to incorrect alignment during
the surgical procedure, since the lens is fixed firmly to the midperipheral iris stroma.

Recently, new imaging devices became available, which enable us to visualize the phakic IOL in
the anterior chamber. The position of the phakic IOL is important as it provides information about
the distance of the IOL to its surrounding structures. To ensure their long-term safety, the distance
from the phakic IOL to the corneal endothelium and to the crystalline lens should be carefully
monitored. Anterior segment optical coherence tomography (AS-OCT) is a non-contact device, which
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images the anterior chamber using 1310 nm wavelength infrared light. Baikoff, et al demonstrated
that AS-OCT is rapid, easy to use and capable of producing good-quality images.24 Furthermore, the
software includes a measuring system capable of calculating distances between 2 points. Baikoff, et

al mention that in normal eyes the minimum distance from the edge of the optic of the phakic IOL to
the endothelium, must be 1.5 mm to minimise the risk to corneal decompensation.25 In the future,
this edge-distance will be an important distance to monitor the safety of toric phakic IOLs in post-
keratoplasty eyes.

Another surgical option for the correction of post-keratoplasty astigmatism, is the implantation
of a toric pseudophakic posterior chamber IOL. A few studies have described post-PK eyes in which
standard phaco-emulsification and subsequent implantation of this toric IOL were performed. The
serrated Z-design haptic of the lens is intended to prevent risk of lens rotation and subsequent
change in the angle of the corrective cylinder. These studies suggest that this toric lens can provide
a very good refractive outcome for eyes suffering from high degrees of post-keratoplasty astigmatism
without significant effects on graft survival.26-29

This book chapter will only discuss the iris-fixated toric Artisan IOL for the correction of post-
keratoplasty astigmatism.

Indications
Toric IOLs can be used for the surgical correction of post-keratoplasty astigmatism.

Step-by-Step Technique
THE ARTISAN TORIC IOL
The Artisan toric IOL has a convex-concave toric optic with a spherical anterior surface and a sphero-
cylindrical posterior surface (Ophtec B.V., Groningen, the Netherlands). The material of this single-
piece lens consists of polymethyl methacrylate and is manufactured using compression molding
technology. This particular type of toric lens is iris claw-fixated, has a 5-mm optical zone and an
overall length of 8.5 mm (Figure 15-1). The IOL is available in dioptric powers of –3.0 to –20.5 D,
+2.0 to +12.0 D and in cylindrical powers of 2.0 to 7.5 D. The Artisan toric IOL is available in 2
models. The cylinder can either be in line with the haptics or at an angle of 90° with the haptics
(Figures 15-2 and 15-3).

FIGURE 15-1: Artisan toric lens implantation for
correction of post-keratoplasty astigmatism (patient no.
2). Preoperatively, best corrected visual acuity (BCVA)
was 20/50 with +4.0 –8.0 x 120°. Six months after
implantation of an Artisan toric lens with a power of
+6.0 –7.0 x 90° and enclavated in the axis 30°, BCVA
increased to 20/32 with –1.0 –1.50 x 125° and
uncorrected visual acuity (UCVA) to 20/60. Four years
after implantation, UCVA is 20/30 with a clear graft.
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FIGURE 15-2: In the Artisan toric lens, the cylinder can
either be in line with the haptics or at an angle of 90° with
the haptics.

FIGURE 15-3: Example of the Artisan toric lens
model where the cylinder is in line with the haptics.

Refractive error, refractive cylinder power, anterior chamber depth, and topographically derived
keratometric dioptric values were inserted into the Van der Heijde30 formula to calculate the dioptric
power of the lens for two meridians. The axis of the cylinder identified by the subjective refraction
was used to determine the correct axis for the surgical enclavation. The power of the IOL was
chosen to obtain emmetropia (n=30) or a postoperative spherical equivalent (SE) of –1.0 D (n=4), -2
(n=1) or +1.0 D (n=1) to match the ametropia in the untreated eyes. For a proper placement of the
Artisan toric IOL in the cylindrical axis (or perpendicular to the axis) and to avoid placement errors,
the surgeon used an illustration of the correct IOL position, as provided by the manufacturer. In 9 of
the 36 treated eyes, the cylinder dioptric power of the toric IOL was less than 75% of the calculated
power required for full correction of the cylinder.

PATIENT POPULATION
The thirty-six eyes of 35 patients that were included in our study could not be corrected by spectacle
wear due to anisometropia, the magnitude of the refractive cylinder and/or due to contact lens
intolerance. Exclusion criteria were the following: a preoperative BSCVA worse than 20/60, an
anterior chamber depth less than 3.0 mm, presence of glaucoma and/or retinal pathology, or an
endothelial cell count lower than 500 cells/mm2.

Investigational review board approval was obtained from the Academic Hospital Maastricht.

SURGICAL TECHNIQUE
All procedures were performed under general anesthesia by one surgeon (RN). The surgical technique
for Artisan toric IOL implantation is generally the same as that used with standard Artisan refractive



174

Keratoconus Surgery and Cross-linking

phakic IOLs. Preoperatively, the horizontal and vertical axis of the eye were marked at the limbus;
and preoperatively the axis for lens enclavation was marked. A two-plane 5.3 mm primary
corneoscleral incision was centered at 12-o’clock. Two stab incisions were performed at 2- and 10
o’clock and directed towards the iris enclavation sites. In order to prepare the iris for lens fixation,
an intracameral injection of acetylcholine was given. The IOL was then introduced into the anterior
chamber by using a Budo forceps (Duckworth and Kent, Ltd, Baldock Herts, England) and an
ophthalmic viscoelastic device (Healon GV, Pharmacia, Uppsala, Sweden). After gentle rotation, the
IOL was fixated in the midperipheral iris stroma with a disposable enclavation needle in the marked
axis site (Ophtec BV, Groningen, Netherlands). A slit iridotomy was performed at 12 o’clock to
avoid the occurrence of pupillary block glaucoma. The viscoelastic material was exchanged for BSS
Plus (Alcon, Fort Worth, Texas). The wound was sutured with 3 to 5 interrupted 10 - 0 nylon sutures
(Alcon, Fort Worth, Texas).

Postoperatively, topical tobramycin 0.3% combined with dexamethasone 0.1% (Tobradex, Alcon,
Couvreur, Belgium) and ketorolactrometamol 0.5% (Acular, Westport Co., Mayo, Ireland) were
used four times daily for 3 weeks in a tapered schedule and three times daily for 1 week, respectively.
In cases with an initial diagnosis of herpes simplex virus keratitis, a treatment with acyclovir 400 mg
3 times daily (GlaxoSmithKline, Zeist, the Netherlands) was applied for 6 months. Selective suture
removal was performed depending on the subjective refraction.

PATIENT EXAMINATION
Patients were examined preoperatively and at day 1, week 1, month 1, month 3, month 6, and from
then at 6 months intervals. Preoperatively, uncorrected visual acuity (UCVA) and BSCVA with
subjective refraction, cycloplegic refraction, slit-lamp microscopy, applanation tonometry, corneal
topography (Alcon Eyemap EH-290, Alcon, Fort Worth, TX), dilated fundus examination and pupil
size measurement at dim illumination with the Colvard pupillometer (Oasis, Glendora, CA) were
performed. On postoperative day 1, uncorrected and best-corrected visual acuity and biomicroscopic
examination with registration of intraocular pressure were performed. Thereafter, uncorrected and
spectacle-corrected visual acuity with subjective refraction, slit-lamp microscopy, applanation
tonometry, and corneal topography were assessed. The simulated keratometry values of the steep
and flat meridians were used for calculation of the topographically induced surgical astigmatism.
Preoperatively and at 6 months, 1 year, 2 years, and 3 years postoperatively, specular microscopy of
the corneal endothelium using a noncontact specular microscope (Konan Noncon Robo, SP 8000,
Konan, Hyogo, Japan) was performed.31, 32 Preoperatively and at 6 months postoperatively, the patients
were asked to rate the quality of vision of the eye with their present correction on a visual analog
scale of 1 to 10 (1 is very poor, 10 is excellent), based on a previously validated questionnaire.33

OUTCOME MEASURES AND STATISTICS
Main outcome measures were refractive and visual outcome as reflected by UCVA and efficacy
(reduction in refractive and topographic astigmatism, reduction in anisometropia of spherical and
defocus equivalent, and number of eyes losing/gaining lines of UCVA), BSCVA and safety (number
of eyes losing more than 2 lines of BSCVA). A patient satisfaction questionnaire, specular microscopy
(endothelial cell loss) and incidence of complications were assessed. Snellen UCVA or BSCVA was
converted to logMar values in order to facilitate statistical analysis. Comparison between preoperative
and postoperative data was performed by a paired t-test (SPSS for Windows (SPSS Inc., Chicago,
IL)). All averages in the text are mean ± standard deviation (SD).
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ANALYSIS OF ASTIGMATISM
Both vector analysis and non-vector analysis of the cylinder was performed. The efficacy of the
procedure (i.e., the proportion of astigmatism correction which was achieved) was quantified using
the correction index expressed as a percentage of the surgically induced astigmatism (SIA) divided
by the target induced astigmatism (TIA) for each individual eye and aggregated.34 The Holladay
method to convert polar values (cylinder and axis) to a Cartesian (X and Y) coordinate system was
used to determine the mean ± SD value of the refractive and topographical keratometric astigmatism.35

The coordinates were plotted in a doubled-angle plot and the centroid was determined.

Results
PATIENT POPULATION
Twenty-seven patients were female and eight were male. The mean age was 63.8 ± 17.0 (range,
23-82 years). The mean time interval between PK and toric lens implantation was 57.1 ± 30.2 months
(range, 26 to 142 months) and the interval between suture removal and lens implantation was 30.8
± 28.2 months (range, 3 to 144 months). Twenty-five eyes were pseudophakic after previous
implantation of a posterior chamber IOL and one eye was aphakic. The initial diagnosis requiring
corneal transplantation was Fuchs endothelial dystrophy (33.3%), (pseudophakic) bullous keratopathy
(13.9%), herpes simplex keratitis (16.7%), keratoconus (13.9%), corneal scarring (11.1%) re-grafting
(8.3%) and high astigmatism (2.8%).

The baseline parameters were a mean sphere of 0.34 ± 4.36 D (range, + 9.0 to –10.0 D), a mean SE
refraction of –3.19 ± 4.31 D (range, +5.5 to –14.25 D), a mean baseline refractive cylinder power of
-7.06 ± 2.01 (range, -3.0 to –11.0 D), a mean defocus equivalent of 6.99 ± 2.59 D (range, 3.25 to 14.25
D) and a mean baseline topographically derived simulated keratometric cylinder of 7.00 ± 2.27 D
(range, +3.51 to +11.65 D). There were no significant differences for the baseline parameters between
the pseudophakic eye group and the phakic eye group. The mean follow-up was 28.5 ± 12.5 months
(range, 12 to 51 months).

VISUAL ACUITY OUTCOME
The mean preoperative logMar UCVA was 1.39 ± 0.44 and increased to 0.55 ± 0.35 at the last follow-
up (p < 0.001, paired t-test). Postoperatively, 31.6% of eyes had a UCVA better than 20/40, 63.9% of
eyes better than 20/80 as compared to 0% preoperatively. In the phakic and pseudophakic eye
groups, 27.8% and 35.3% of eyes had a UCVA better than 20/40, respectively (p = 0.71, Pearson chi-
square). The mean number of gained lines of UCVA in all eyes was 8.50 ± 5.51 (range, -2 to 18 lines).
The mean preoperative logMar BSCVA was 0.26 ± 0.17 and postoperatively it was 0.26 ± 0.24
(p = 0.802, paired t-test). Postoperatively, 80.6% of eyes had a BSCVA better than 20/40 as compared
to 69.4% preoperatively and 25.0% had a BSCVA better than 20/25 (Figure 15-4). In the phakic and
pseudophakic eye groups, 77.8% and 82.4% of eyes had a BSCVA better than 20/40, respectively
(p = 0.83, Pearson chi-square). The mean number of gained lines of BSCVA in all eyes was -0.06 ±
2.14 (range, -6 to 4 lines). There was a loss of BSCVA of greater than 2 lines in 8.3% of eyes and a
gain of at least 2 lines in 8.3% of eyes (Figure 15-5). The predictability of intended versus achieved
cylinder correction showed 26 of 36 eyes (72.3%) within 2 D and 18 of 36 eyes (50.0%) within 1 D of
the intended correction. In the phakic eye group, 66.7% and 50.0% of eyes were within 2 D and 1 D
of the intended correction, and in the pseudophakic eye group 76.5% and 52.9% of eyes were within
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FIGURE 15-4: Percentage of eyes within given range of best-
corrected visual acuity (BCVA) preoperatively and at last follow-up
after toric lens implantation. The safety-index (mean postoperative
BCVA divided by mean preoperative BCVA was 0.98.

FIGURE 15-5: The number of gained or lost lines of best
corrected visual acuity (BCVA) at last follow-up after toric
lens implantation.

2 D and 1 D of the intended correction (p = 0.67 and p = 0.59, Pearson chi-square). The predictability
of intended versus achieved defocus equivalent showed 22 of 36 eyes (61.1%) within 2 D and 9 of 36
eyes (25.0%) within 1 D of the intended correction.

REFRACTIVE OUTCOME
The mean sphere at the last follow-up was –0.03 ± 1.23 D (range, + 2.50 to –3.75 D), the mean SE
refraction was –1.03 ± 1.20 D (range, +1.0 to –5.25 D), and the mean defocus equivalent was +1.65 ±
1.67 D (range, +7.13 to +0.0 D). The refractive cylinder was reduced to –1.73 ± 1.25 D, –1.69 ± 1.15 D,
-1.94 ± 1.68 D, -2.02 ± 1.93 D and -2.00 ± 1.53 D at 6 months (n=36), 1 year (n=36), 2 years (n=29), 3
years (n=15) and the final follow-up examination (28.5 ± 12.5 months), respectively (p < 0.001 for all
time points, paired t-test). There was no significant difference in refractive cylinder between the
phakic eye group and the pseudophakic eye group at any of the postoperative time points. Concerning
stability, there was no significant change in refractive cylinder values from 6 months postoperatively
to 3 years postoperatively (Figure 15-6, p = 0.065, paired t-test).

At the last follow-up, 10 of 36 eyes (27.8%) had a refractive cylinder less than 1 D, 21 of 36 eyes
(58.3%) had a refractive cylinder less than 2 D, and 33 of 36 eyes (91.7%) had a cylinder less than
4 D. The mean topographically derived simulated keratometric cylinder did not change significantly
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FIGURE 15-6: Mean refractive cylinder preoperatively and at postoperative
time intervals. Number of patients at each time point are shown. D = diopters.

from 6.23 ± 2.26 D at 3 months postoperatively to 6.68 ± 3.06 D at 12 months (p = 0.968, paired t-test),
and to 6.59 ± 3.57 D (p = 0.894, paired t-test) at the last follow-up. The percent reduction in refractive
and topographical astigmatism was 88.8 ± 29.5% and 7.8 ± 49.1%, respectively (Table 15-1). In 9
eyes, the required dioptric power for correction of the refractive astigmatism exceeded the available
maximal cylindric power of 7.5 D. There was a reduction of 103.6 ± 33.0% and 77.8 ± 19.3% in sphere
and defocus equivalent (for eyes with preoperative defocus values > 3.0 D, n=24), respectively. The
correction index (SIA/TIA) was 96.0 ± 24.2% at the last follow-up. The centroid (± SD) in the double
angled plot changed from –2.83 D at 141.3° (± 6.43 D) preoperatively to –0.51 D at 91.9° (± 2.15 D)
postoperatively (Figure 15-7) (p < 0.001, paired t-test). The mean SIA of the topographical cylinder
by the placement of the corneoscleral incision centered at 90° was 2.53 ± 1.57 D (range, 0.25 D to 6.25
D) at 6 months postoperatively.

FIGURE 15-7: The centroid ± standard deviation (SD) in the double angled plot
changed from –2.83 diopters (D) at 141.3° (± 6.43 D) before Artisan toric lens
implantation (blue squares, green centroid) to –0.51 D at 91.9° (± 2.15 D) at the
last follow-up after implantation (yellow squares, red centroid).
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Subjective patient satisfaction increased from 3.6 preoperatively to 8.0 postoperatively (10 meaning
totally satisfied) (p < 0.001, paired t test).

The intraocular pressure (IOP) was 14.5 ± 2.9 mmHg preoperatively, 15.2 ± 4.2 mmHg at 1 month
postoperatively, 13.5 ± 3.2 mmHg at 6 months postoperatively, and 12.9 ± 2.7 mmHg at the last
follow-up (p = ns, paired t test for all time points).

The endothelial cell loss as compared to preoperatively was 13.8 ± 18.7% (n=34), 21.2 ± 21.8%
(n=33), 29.6 ± 27.3% (n=26), 30.4 ± 32.0% (n=18), and 34.8 ± 26.3% (n=6) at 6 months (P=0.001), 1 year
(P<0.001), 2 years (P<0.001), 3 years (P=0.001), and 4 years postoperatively (P=0.1), respectively. In
addition, there was a progressive endothelial loss from 6 months to 12 months (p=0.004), to 24
months (p=0.002) and to 36 months (p=0.017), and from 12 months to 24 months (p=0.016).

COMPLICATIONS
A 77-year-old male (patient no. 6) underwent PK of the right eye in April 1997 for HSV stromal
keratitis. Seven months after implantation of an Artisan toric lens with a power of +5.0/–7.0 × 0°
BSCVA increased to 20/25 with +0.75/–1.50 × 155°. One month later metastasized lung cancer was
diagnosed and a recurrence of HSV keratitis followed by irreversible graft rejection developed.
Twenty-five months after Artisan implantation BSCVA was 20/100 with +0.5/–1.50 × 160°. No further
surgical treatment followed.

An 81-year-old female (patient no. 12) underwent PK of the left eye in September 1999 for
pseudophakic bullous keratopathy. Before Artisan implantation the endothelial cell density was
1384 cells/mm2. Five months after Artisan implantation (lens power of –1.50/–7.0 × 0°, enclavation
axis 162°), the BSCVA was 20/30 with –0.75/–2.25 × 63°. At 12 months after Artisan toric lens
implantation the endothelial cell density had decreased to 385 cells/mm2. Twenty months after
implantation, gradual endothelial decompensation occurred and BSCVA decreased to 20/100 after
metastasized colon cancer was diagnosed. Twenty-eight months after Artisan implantation, a
re-keratoplasty with explantation of the Artisan IOL was performed. One year after re-keratoplasty,
the corneal graft was clear and BSCVA was 20/30 with -6.5/0 × 0°.

A 62-year-old female (patient no. 18) underwent a re-PK of her right eye due to graft failure in
July 1999 after an initial PK for keratoconus in 1984. In May 2001, phacoemulsification with subsequent
IOL implantation was performed, followed by a reversible graft rejection in September 2001. In May
2003, seven months after the Artisan IOL implantation (lens power of +8.0/–7.5 × 0°, enclavation
axis 138°), the BSCVA was 20/40 with –0.50/–1.50 × 50°. One month later an irreversible immunological
graft failure occurred. In March 2004, a re-PK was performed with explantation of the toric Artisan
IOL. At the last follow-up in May 2005, the UCVA was 20/40 with a clear graft.

In 6 patients, signs of adult retinal macular degeneration were noted. In patient no. 13, one haptic
of the toric Artisan IOL was repositioned 6 weeks after initial surgery, due to axis misalignment;
and in patient no. 17, the Artisan IOL was replaced due to an axis error in the delivered lens (lens
power of +7.0/–7.5 × 0°, in stead of +7.0/–7.5 × 90°), which was not noted at the time of surgery. No
chronic inflammation of the anterior chamber or retinal detachment was seen in any of the patients.

Discussion
This prospective study of 36 eyes demonstrates the long-term efficacy and stability of the Artisan
toric IOL for correction of post-keratoplasty astigmatism. The use of the Artisan toric IOL with a
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power range of 7.5 D of cylinder and -20.5 D of myopia to +12.0 D of hyperopia, provides a wide
field for correction of post-keratoplasty astigmatism and ametropia. In our series this is reflected by
the magnitude of baseline spherical error (range + 9.0 to –10.0 D) and cylindrical error (range -3.0 to
–11.0 D), which is much higher than in most post-keratoplasty LASIK series. To our knowledge, the
reduction of the refractive cylinder by 88.8 ± 29.5% (without any enhancements) is better than in
most reported LASIK series.5-15

Improving the percentage of eyes with an UCVA of 20/40 or better from 0% preoperatively to
31.6% at the last follow-up illustrates the efficacy of the Artisan toric IOL procedure in this patient
group with highly ametropic eyes. In most LASIK series with lower preoperative ametropia UCVA
better than 20/40 varied from 28% to 74%.6, 8, 10, 14, 15, 17 With respect to safety, there was a loss of
BSCVA of greater than 2 lines in 8.3% of eyes and a gain of at least 2 lines in 8.3% of eyes. This is in
accordance with two recent randomized studies in routine refractive surgery for the correction of
high myopia that showed a greater gain of BSCVA with Artisan phakic IOL implantation as compared
to a greater loss of BSCVA with LASIK and a better quality of vision with the Artisan lens in
moderate to high myopia.36, 37 The loss of greater than 2 lines of BSCVA in 8.3% in our series is
comparable to series of LASIK for postkeratoplasty astigmatism that show a greater than 2 lines loss
of BSCVA in 4.3%,38 7.1%,6 9.1%10 and 16%.11However, the pattern of complications induced by the
two techniques is very different. LASIK surgery may be complicated by flap complications in steep
corneas and has limitations due to corneal graft thickness and amount of ametropia and astigmatism
suitable for correction.5-13 LASIK related complications like diffuse lamellar keratitis,15 buttonhole
flaps,6, 10 wound dehiscence39 and epithelial ingrowth6 have been reported. Because the majority of
eyes in the reported LASIK series were grafted in young patients for keratoconus with a rapid
wound healing, wound dehiscence problems were less likely to occur than in a group of older
patients grafted for Fuchs endothelial dystrophy or bullous keratopathy.40 Since the effect of the flap
cut alone may induce a significant reduction of refractive astigmatism in up to 50% in some patients
and because of the high enhancement rate a two-stage LASIK procedure has been proposed.5, 41-43

However, it is unclear whether a two-stage procedure bears a higher risk for complications like
epithelial ingrowth, wound healing problems and flap dislocation. In our present Artisan series,
irreversible corneal decompensation occurred in two patients after metastasized cancer was
diagnosed. Before the diagnosis of malignant disease BSCVA was 20/25 in both patients and no
signs of immunological rejection had been noted. We believe that changes in the immune system due
to the concomitant development of malignant systemic disease might have initiated the graft failures.
In a third patient with a re-keratoplasty for a graft failure after an initial diagnosis of keratoconus an
immunological irreversible graft failure occurred. This was the second rejection period after the
re-keratoplasty following a previous reversible rejection period 4 months after cataract surgery. We
cannot exclude that the last rejection, although 8 months after surgery, may have been related to the
Artisan toric lens implantation. Two of the three cases with corneal decompensation underwent
successful regrafting with explantation of the toric Artisan intraocular lens. In 6 patients signs of
adult retinal macular degeneration that decreased BSCVA were seen as can be expected in this age
group. No other complications like chronic inflammation of the anterior chamber or retinal detachment
in any of the patients were noted.

The stability of the postoperative refractive cylinder after Artisan toric lens implantation up to 36
months was excellent. After LASIK however, progressive changes were seen in refraction and
topography in 35.7% of cases after a mean follow-up time of 26.9 months.6 A potential limitation of
the Artisan toric IOL for the correction of post-keratoplasty astigmatism is SIA by implantation of
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the rigid polymethylmethacrylate IOL through a 5.3 mm incision. In a recent series of implantation
of the Artisan toric IOL for correction of myopia or hyperopia with astigmatism the SIA was 0.53
D.44 However, after keratoplasty the biomechanical response of the corneoscleral tissue to the incision
may be somewhat unpredictable and a greater variability in SIA may be seen. Indeed, in our series
the mean SIA was 2.53 D six months postoperatively and varied from 0.25 D to 6.25 D. Due to this
variability we believe that the SIA cannot be incorporated into the power calculation of the lens.
Since the goal of correcting post-keratoplasty astigmatism is mainly to reduce the refractive astigmatism
and ametropia to enable patients to wear spectacles, we feel that a lesser predictability of astigmatism
reduction may be acceptable.

Concerns have been raised especially with respect to the development of complications like
endothelial cell loss, chronic inflammation and cystoid macular edema after Artisan toric lens
implantation. A study using fluorometry showed inflammation comparable with cataract surgery at
6 months postoperatively45 whereas a study using a flare-cell meter found chronic inflammation 1 to
2 years after implantation of the older Worst-Fechner intraocular lens.46 We found no chronic
inflammation by slit-lamp examination in the present study and cystoid macular edema with
concomitant loss of best corrected visual acuity was not seen in the immediate postoperative phase.

After routine PK, the mean annual rate of endothelial cell loss from 3 to 5 years seems to be 7.8%
per year and from 5 to 10 years it seems to be 4.2% per year.47-50 The corneal endothelium seems to
remain relatively stable between 10 and 15 years after PK and it has also been suggested that the
rate of endothelial cell loss from 10 to 15 years after surgery may be similar to that of normal
corneas.47 It was hypothesized that late endothelial cell loss may be caused by an aspecific, non-
rejection-like inflammation, or perhaps a chronic breakdown of the blood aqueous barrier, but not
by an allograft rejection mechanism.

The mean endothelial cell loss in our study group was 13.8 ± 18.7%, 21.2 ± 21.8%, 29.6 ± 27.3%,
and 30.4 ± 32.0% at 6, 12, 24 and 36 months. There was a significant continuing progressive endothelial
cell loss at each time point as compared to preoperative cell density levels and between 6 months as
compared to 12, 24, and 36 months. For an experienced surgeon, the implantation of the Artisan
toric lens in post-keratoplasty eyes does not appear to be more traumatic as compared to Artisan
lens implantation in phakic eyes for correction of myopia. However, the endothelial cell loss in the
present series is much higher than the reported endothelial cell loss in studies of Artisan IOL
implantation for correction of high myopia in virgin phakic eyes, which varies from 0.7% to 11.7%
over 3 years time.36, 37, 51-55 Risk factors that may lead to higher levels of endothelial cell loss after PK
are low donor endothelial cell count, older donor age, aphakia, pseudophakia, and older recipient
age. In addition, the implantation of an Artisan lens in post-keratoplasty eyes could be more traumatic
for the corneal endothelium, relating to decreased visualization, as compared to virgin eyes. This
could lead to higher endothelial cell loss in the post-keratoplasty group. At the time of toric Artisan
lens implantation, 50% of our patients were between 3 to 5 years, 27.7% between 5 to 10 years and
5.6% longer than 10 years after PK. For our 24 months cohort, the cell loss rate was 14.8% per year
and for the 36 months cohort it was 10.1% per year. If we correct these values for the expected cell
loss induced by the PK, there appears to be an additional cell loss of 6% to 7% per year. Therefore,
we cannot exclude that the Artisan IOL in the presence of a corneal graft with low cell densities may
cause a higher rate of endothelial cell loss due to the compromised endothelium. Cell counts as low
as 370 cells/mm2 and 515 cells/mm2 have been measured before decompensation.56-59 Nevertheless,
we feel that an endothelial cell density of at least 500 cells/mm2 as exclusion criterion is permitted
since no other treatment modalities exist but corneal regrafting, and the Artisan lens is perfectly
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removable at future regrafting procedures, as has been shown in two patients in our series. It
should also be taken into account that accuracy of non-contact specular microscopy for determining
endothelial cell density, which is usually around 5%, is not known in grafts with low cell counts and
may introduce bias in the interpretation of our results. Risk factors for endothelial decompensation
in corneal grafts with low cell densities have not been clearly defined.

Due to the development of new imaging technologies, such as the AS-OCT, we might be able to
determine other possible risk factors for endothelial cell loss in the future. One of the mentioned
risk factors for corneal decompensation in healthy eyes is a distance from the edge of the phakic IOL
to the endothelium of less than 1.5 mm.25 Therefore, in addition to endothelial cell counts, anterior
chamber morphometrics should be analyzed during long-term follow-up to evaluate the safety of
phakic IOLs in eyes after PK (Figure 15-8). Several studies analyzed the position of iris-fixated
phakic IOLs in healthy eyes.22, 60 Tehrani, et al evaluated 17 myopic eyes implanted with a foldable
iris-fixated phakic IOL and reported mean distances from the center and the edge of the IOL to the
endothelium of 2.01±0.26 mm and 1.34±0.21 mm, respectively.61 However, the effect of the distance
from the edges of the phakic IOL to the endothelium on endothelial cell loss after toric Artisan IOL
implantation in post-keratoplasty eyes is unclear and should be investigated.

Based on the objective medical outcomes, the subjective patient satisfaction that increased from 3.6
preoperatively to 8.0 postoperatively (scale 1-10) and the suitability of all patients for spectacle correction,
Artisan toric lens implantation appears to be a valuable option for correction of post-keratoplasty
astigmatism and anisometropia. However, more patients with a longer follow-up up to 5 years are
needed to identify the risk factors for progressive endothelial cell loss and a randomized study of Artisan
toric lens implantation versus LASIK with larger numbers of patients could clarify the advantages and
disadvantages of both techniques with respect to efficacy, safety and complications.

FIGURE 15-8: Anterior segment optical coherence
tomography image of post-keratoplasty eye after toric phakic
intraocular lens (pIOL) implantation with measured distances
from center of pIOL to endothelium (2.44 mm), pIOL to
crystalline lens (0.66 mm), and edges of pIOL to endothelium
(2.13 mm nasal side; 2.10 mm temporal side).

Conclusion
Artisan toric IOL implantation after PK can result in decreased post-keratoplasty refractive astigmatism
and ametropia. This can allow contact lens intolerant patients to wear spectacles and obtain binocular
vision after surgery. Decreasing endothelial cell counts can occur and should be monitored carefully
with anterior imaging systems.
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A potential drawback of implanting an Artisan toric IOL for treatment of post-keratoplasty
astigmatism is SIA, related to the required 5.3 mm incision size. The biomechanical response of the
corneoscleral tissue to the incision may be somewhat unpredictable after PK, and a greater variability
in SIA may be seen. A recent study on implantation of the Artisan toric lens for correction of myopia
or hyperopia with astigmatism in virgin non-operated eyes, showed a SIA of 0.53 D.44 However, in
a post-keratoplasty astigmatism treatment group a lesser predictability of astigmatism reduction
may be acceptable, since the primary goal of treating of astigmatism after PK is the correction of
sufficient myopia and astigmatism in order to enable patients to wear spectacles or contact lenses.
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