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Progressive post-LASIK keratectasia

Biomechanical instability or chronic disease process?

Ian F. Comaish, MA, FRCOphth, Michael A. Lawless, FRCOphth, FRACO, FRACS

Progressive post-LASIK keratectasia (PPLK) is a progressive deformation of cor-
neal anatomy that occurs rarely but may have severe consequences. Using the
scientific literature and new hypotheses, we attempted to determine whether
PPLK is a biomechanical result of laser in situ keratomileusis (LASIK), a chronic
disease process affecting individuals predisposed to the condition, or a combina-
tion of processes. We look at whether the combination of fatigue, specifically a
form of dynamic fatigue, and proteolysis provides an environment conducive to
the occurrence and progression of PPLK. This review may raise more questions
than it answers and in so doing may move us toward a better understanding of
this occasionally serious consequence of LASIK.
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Progressive post-LASIK keratectasia (PPLK) is a pro-
gressive deformation of the gross corneal anatomy

that occurs rarely after laser in situ keratomileusis
(LASIK) and results in visual disturbance. This article
discusses the biomechanical effects of LASIK and the
parallels with an apparently similar condition, keratoco-
nus. We attempt to determine whether PPLK is a bio-
mechanical result of LASIK, in which case weakening of
the cornea by LASIK could put anyone at risk if over-
treatment occurs, or a chronic disease process affecting
only predisposed individuals, in which case patient se-
lection would be paramount. A third possibility is that
PPLK is a combination of processes. We also make rel-
evant hypotheses regarding PPLK.

Background

Progressive post-LASIK keratectasia may show itself
immediately or many months after LASIK but generally
occurs within 2 years.1,2 It is the delay in some cases that
raises the specter of a public health issue for the future.
Pallikaris and coauthors3 recently reported the incidence
in a large series to be 0.66% (660 per 100 000) (all eyes
had greater than �8 diopters of myopia preoperatively).
Whether PPLK occurs after smaller corrections has pro-
duced much debate.4–7 In Pallikaris and coauthors’
study, 6 eyes had a residual bed thickness greater than
250 �m, as calculated from intraoperative ultrasonic
pachymetry before ablation, although ultrasonic
pachymetry would not have revealed the presence of
focally thin areas after the flap was made. The regularity
of the cut made by the microkeratome (in this case the
disposable Flapmaker� [Refractive Technologies]) may
be a factor in some cases. The occurrence of PPLK in the
apparent presence of posterior corneal thickness greater
than 250 �m would cast doubt on the adequacy of the
currently accepted practice of leaving at least this
amount of posterior lamella untouched on the assump-
tion that PPLK is a purely mechanical process.2
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Progressive post-LASIK keratectasia presents in
2 ways8: a central ectasia with little irregular astigmatism
and good corrected acuity and a type resembling kerato-
conus with paracentral thinning, irregular astigmatism,
and poor spectacle-corrected acuity. The latter presen-
tation is of greatest concern.

The following questions about keratectasia have
been raised9: What causes it? By what mechanism? How
do we avoid it? Additional questions include, how com-
mon will it become and how is it best managed? Progres-
sive post-LASIK keratectasia appears to be relatively
uncommon, and there is a debate about whether LASIK
can induce PPLK in truly normal corneas.3–6,10,11

Pallikaris and coauthors3 have called for the organi-
zation of a uniform referral system to monitor PPLK.
Until this occurs, we can try to answer the questions
posed by PPLK. In particular, can we predict the epide-
miology or behavior of the disease by our knowledge of
corneal biomechanics or through analogy with an appar-
ently similar condition, keratoconus?

Progressive Post-LASIK Keratectasia
As a Chronic Disease Process

Keratoconus is a chronically progressive, ectatic cor-
neal dystrophy with occasional acute exacerbations (cor-
neal hydrops). The incidence is reported to be between
4 and 600 per 100 000. Keratoconus requiring kerato-
plasty makes up a small proportion of cases. The advent
of computerized topography, especially slit-scanning to-
pography, has made us aware of large numbers of pa-
tients with forme fruste keratoconus who do not have
clinical problems. Furthermore, many keratoconus cases
do not progress after the patient reaches a certain age.
One might be reassured by this, but we need to know
how valid it is for patients with PPLK.

The relationship among the various processes in-
volved in keratoconus is not well understood, but the
pathophysiology of keratoconus has been studied. Al-
though keratoconus is a noninflammatory disorder clin-
ically, this is not true subclinically.12–15 Collagenase and
gelatinase activity, interleukin-1, and prostaglandin ex-
pression are increased, and the disease may represent an
imbalance in proteolytic breakdown and repair, which
may have a genetic component in some cases.16 Some
authors dispute whether keratoconus is a true ectasia, at
least in the early stages of the disease, because the surface

area is unaltered.17 Others have found conservation of
mass (more accurately volume), increasing surface area,
and alterations in the number and orientation of
lamellae.18–20

Several mechanisms probably exist in keratoconus,
and it is of course possible that the common clinical
presentations of keratoconus may be the result of differ-
ent diseases. The most likely combination of events is a
rearrangement of lamellae, possibly due to altered adhe-
sion, associated with increased activity of degradative
enzymes affecting lamellae and ground substance. These
events may be aggravated by microtrauma. Thus, there
are biomechanical and metabolic components. Whether
such events occur in PPLK is not clear. However, it is
clear that excimer ablation in keratoconus patients tends
to accelerate the disease process, and this implies some
relationship.11 Ultrastructural, biochemical, and histo-
logical studies as well as topographical work are needed
to show how similar or disparate these entities are. In
1 case in which histopathology was available, methyl
metalloproteinases 1 and 2 were absent from the corneal
wound site in keratectasia.21

How could chronic disease processes, which un-
doubtedly occur in keratoconus, contribute to PPLK?
The progressive thinning process in ectasia conceivably
begins in the anterior lamella. In confocal microscopic
studies,22 the apparent loss of keratocytes in the anterior
flap and interface changes have been reported in associ-
ation with thin flaps after LASIK. This is similar to
working hypotheses for keratoconus that cite keratocyte
apoptosis.23 The anterior lamella is temporarily sepa-
rated from its nerve supply after keratectomy and may be
exposed to metabolic alterations as well as to known
changes in the quality of the tear film.24–26 If the ante-
rior lamella did thin early in PPLK, the importance of
this might be uncertain mechanically, but whatever met-
abolic or biochemical changes occurred would be ex-
pected to affect the posterior cornea eventually. Further
studies using confocal microscopy, high-resolution ul-
trasound, or high-resolution optical pachymetry may
help determine which part of the cornea is affected first.

Progressive Post-LASIK Keratectasia
As a Biomechanical Process

One objection to the idea of PPLK as a result of
mechanical instability is that the conditions for such
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instability would be present immediately after surgery. A
delay in the onset of visual symptoms implies that addi-
tional triggers must be involved. Biomechanical infor-
mation about the cornea has been obtained through
extensive laboratory work and clinical studies based on
imaging corneal shape changes after surgery.

Early Effects
What are the early biomechanical sequelae of

LASIK? Recent work with slit-scanning topography sug-
gests that forward movement of the posterior corneal
surface may occur routinely after LASIK, but there is no
suggestion that this is progressive.27–29 Central posterior
corneal bulging, if it occurs, would appear to resemble
1 presentation of PPLK. The studies have made signifi-
cant assumptions, including that the peripheral cornea is
unaffected by the procedure, which are disputed.29

Intraocular pressure (IOP) has been held responsi-
ble for bulging of the posterior lamella after LASIK.28

Although one might expect that acute bulging would be
resisted because of the phenomenon of stress stiffening
in biologic tissues and although stress stiffening appears
to be important within physiological IOP ranges,30,31 it
may be more important in resisting strain than bending.
Although bulging might be expected intraoperatively,
when the IOP can be as high as 90 mm Hg, it has been
demonstrated that the normal cornea does not change
its refractive power with IOP and the refraction does not
fluctuate with IOP variations.30,32,33 Dupps and Rob-
erts 34 fail to show curvature changes due to IOP varia-
tions between 15 mm Hg and 50 mm Hg in cadaver eyes
with or without central corneal excimer ablations.
Hjortdal30 reports that only keratectomies of 70%
depth produce any change in the radius of curvature
with IOPs as high as 100 mm Hg. Thus, within physi-
ological ranges, IOP does not seem to lead to corneal
stretching or bulging, at least over the short times used in
experimental conditions. On the other hand, the cornea
is in some respects a viscoelastic material and creep may
conceivably occur. Is it possible that PPLK could occur
solely as a result of the IOP in an eye with too little
mechanical strength to resist it, or could PPLK be due to
another form of mechanical instability?

Corneal Strain Redistribution After LASIK
Wang and coauthors28 suggest that the central an-

terior corneal concavity resulting from LASIK is less

than the ablation delivered. Since the anterior flap ap-
pears to form a relatively weak attachment to the poste-
rior lamella after LASIK, it may not contribute as much
to the biomechanics of the cornea as a whole as it did
before treatment.1,6,10,11,18 The cornea is known to be
under strain under normal physiological conditions.35

Thus, LASIK might predispose to a gradual creep of
tissue, perhaps resulting in ectasia, in a manner similar to
that in keratoconus.14,36 It should be pointed out that
the cornea is weakest in bend and shear but strongest in
tension,37 partly due to stress stiffening, which is due to
the effect of cross-linking between collagen fibers.38

However, regional differences in corneal interlamellar
cohesive strength exist.39

Roberts40 and others34,41 suggest that disrupting
the anterior lamellae in any refractive procedure allows
them to retract peripherally, such that the peripheral
cornea steepens and thickens while the central cornea is
pulled flatter and might move backward rather than for-
ward. Findings suggestive of peripheral thickening or at
least the appearance of a peripheral “knee” have been
reported by others.42 However, Orbscan� findings sup-
porting peripheral corneal thickness changes have not
been validated.29 If Roberts is correct, however, these
considerations imply an increased tension in the remain-
ing posterior lamellae after ablation, even without con-
sidering the effect of raised IOP. Of course, central
flattening may simply reflect a movement to a new
steady state, but increased tension implies a state of static
fatigue.

Unplanned Corneal Shape Changes After LASIK
If, as Roberts suggests, the peripheral cornea steep-

ens after LASIK, the difference calculations of Wang
and coauthors28 and Baek and coauthors27 may greatly
exaggerate any forward movement. Furthermore, unex-
pected flattening of the cornea has been reported.43 In
fact, one can show mathematically that if the peripheral
cornea moves outward and forward as a result of kera-
tectomy and if one assumes that the limbus does not
expand44 and the surface area of the posterior cornea
remains constant, the midpoint of the remaining central
cornea would move forward or backward depending on
a complex relationship with the anterior chamber angle.
This may be relevant to the accuracy of LASIK (Appen-
dix). Since the cornea is stronger in tension than in shear
or bend, these seem reasonable assumptions.37
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In an examination of posterior asphericity and
power changes after LASIK, Seitz et al.45 report small
increases in negative power with an increase in oblate
asphericity, with more effect when the residual bed is less
than 250 �m. Increased negative power could be ex-
plained by a small backward movement of the posterior
surface, as suggested by Roberts, or an increase in pos-
terior corneal curvature. How could the latter occur if
not by central bulging? One might consider transverse
contraction of the posterior lamella. One can illustrate
this by stretching a large flat elastic band held between
finger and thumb in the 2 hands. The middle part of the
band will narrow so the 2 edges (representing anterior
and posterior surfaces of the posterior stroma, indepen-
dent of the flap) converge, while the longitudinal center
of the band will be encouraged to stay straight, illustrat-
ing a flattening effect on the cornea. As discussed by
Seiler,46 the amount of transverse contraction is deter-
mined by Poisson’s ratio:

V � transverse strain/longitudinal strain

In the human cornea, V may be around 0.546,47

since its high water content would suggest it is almost
incompressible, and thus transverse contraction could
contribute a small steepening of both surfaces of the
posterior lamella, perhaps a few microns, although it
might not be transmitted to the anterior corneal flap.
Validated observations of peripheral corneal thickening
in combination with increased posterior curvature
would support the idea that the posterior lamella is in-
deed under increased tension, tending to transverse con-
traction in the short term and possibly creep in the long
term. Such considerations imply that only pachymetric
measurements of the residual corneal bed will reflect the
true corneal thickness after the flap is made in LASIK.
Simple subtraction of the proposed flap depth from the
preoperative pachymetry does not allow for inaccuracy
in cutting or for transverse contraction.

Corneal Resistance to Fatigue
It can be seen that the question of the overall posi-

tion of the central cornea and its local curvature are
separate issues; both may influence the accuracy of
LASIK. However, only progressive changes should indi-
cate PPLK. Important to this discussion is whether bio-
mechanical changes resulting from LASIK are likely to
increase tension in the posterior lamella. If there is a safe

range of residual corneal bed thickness, it has not been
determined, although recent clinical practice suggests a
corneal bed thickness of 250 �m, 275 �m in extreme
myopia, as a reasonable limit to prevent progressive
postoperative ectasia.1,17,48–51 Why should a cornea
with less than this amount of tissue automatically
progress to ectasia?

A great deal of work has been done to establish
constitutive laws for biomechanical modeling of the cor-
nea52; for example, through finite element analysis. This
method, used in industry to predict the behavior of
physical objects over time, is a technique of computer
modeling to look at fatigue in mechanical materials. Ac-
curate predictions of time to failure can be made for
almost any object, but only when the parameters of the
material are fully understood. No successful predictions
of the long-term consequences of LASIK have been
made using finite element modeling (FEM). However,
FEM is a powerful tool and will have an important part
to play in this arena.

Although human whole-eye inflation experiments
have overcome some of the distortions involved in test-
ing strips of corneal tissue when investigating
stress�strain relationships in the cornea, little has been
written about the biomechanical effects of external
forces on the cornea even though it is known that blink-
ing alters the IOP.53 The shape and microstructure of
the cornea have evolved not only to resist IOP and to
focus light but also to resist the deforming forces of the
eyelids. In relation to keratoconus, eye rubbing as a re-
sult of fatigue or because of inflammation secondary to
repeated microtrauma has long been suspected as a caus-
ative factor. Much epidemiological evidence supports at
least an association.54–56 Eye rubbing represents a form
of dynamic fatigue. Many studies of fatigue effects in
soft tissues, including skin, heart valves, intervertebral
discs, and even the human crystalline lens, have been
published over more than 30 years.57–60

Progressive Post-LASIK Keratectasia
As a Combined Process: Fatigue

and Proteolysis
In relation to fatigue, relevant work has been done

on bovine pericardium, which consists of collagen fibers
within a ground substance, analogous in some ways to
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corneal tissue except for the organization of the fibers. It
has been shown that static and dynamic fatigue pro-
cesses, especially dynamic fatigue, hasten the mechanical
failure of such tissue and that enzymatic proteolysis oc-
curs more rapidly in this biomaterial when subjected to
fatigue.61 Inflammatory marker expression, altered pro-
teinase expression, keratocyte apoptosis, adhesion pro-
tein changes, and molecular collagen changes are
reported to occur in keratoconus.12–15 It appears plau-
sible that keratoconus may be partly caused by a syner-
gistic effect of abnormal enzymatic degradation and
dynamic fatigue.

We hypothesize that mechanisms discussed in rela-
tion to fatigue in bovine heart valves and other soft tis-
sues may also predispose to PPLK. Clinically obvious
inflammation in the interface is a well-known phenom-
enon. The corollary is that subclinical interface inflam-
mation must also occur in some cases. We have seen that
an increase in static fatigue can routinely occur after
LASIK, and this can be exacerbated by dynamic fatigue
in eye rubbing. To support this assertion, we have ob-
served a case of unilateral corneal ectasia in 1 eye of a
patient treated with bilateral LASIK who had less than
250 �m of posterior lamellae remaining in both eyes.
The patient volunteered the information that he was a
habitual eye rubber and that the affected eye was the
only one he rubbed. We are aware of other cases of PPLK
in chronic eye rubbers. Of course, one should note that
in many living tissues, the effect of fatigue is to
strengthen rather than weaken the tissue.62 However,
corneal repair mechanisms may be different from those
in other tissues, whose function depends on form and
strength but not transparency. In vitro experiments or
computer modeling will have to consider the effects of
healing and repair if they are to reflect the situation in
vivo.

Conclusion
What can we make of the current level of knowledge

about PPLK and keratoconus? We think it is likely that
many processes in PPLK will be similar to those in ker-
atoconus. By analogy, we are likely to find that factors
predisposing to the one may predispose to the other, and
these will include dynamic and static fatigue effects. We
believe that PPLK will continue to occur rarely in the
absence of a combination of such factors. These consid-

erations may help us avoid unsuitable cases and lower
the overall incidence of PPLK by avoiding factors that
might stimulate subclinical inflammation. We should
be vigilant in preparing the lid and cleaning the flap bed
and proactive in the management of dry, irritated eyes
after LASIK, and we should continue to monitor resid-
ual bed thickness and carefully examine topography to
exclude forme fruste keratoconus. Innovative thinkers
have proposed ways of managing PPLK with corneal
inserts2 and medical treatments, such as riboflavin or
ultraviolet radiation to increase cross-linkages,63 but
prevention will always be better than cure. It is hoped
that similar to keratoconus, most PPLK occurrences will
remain relatively innocuous.
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Appendix

Roberts1 asserts that due to cross-linking of lamellae, an
expansion force pulls on the underlying intact lamellae when
the central anterior lamellae of the cornea are cut in refractive
procedures. This effect requires that the ends of the lamellae
are held tightly by the limbus.2 An outward force would be
generated if this hypothesis is correct, as suggested by Roberts.
This would imply that unless such forces are exactly opposed,
the posterior surface of the peripheral cornea would move
forward; that is, the anterior chamber angle would increase
while the central posterior cornea would flatten. The question
of where the central point of the posterior cornea would end
up is more complex.

The anterior cornea is usually prolate. The posterior sur-
face may be oblate or prolate but is often close to spherical.3

The most efficient shape to contain volume is a sphere. If the
posterior cornea were to become more spherical by these
changes, the intraocular pressure (IOP) would favor the
change to a spherical posterior corneal shape. If the posterior
surface were already oblate, the final shape suggested by Rob-
ert’s hypothesis might contain less volume and IOP might
oppose it. However, the cornea is much stronger in tension
than in shear or bend and since Robert’s shape changes do not
require stretching of the cornea, the IOP may well be over-
come by the biomechanical changes.

If the peripheral cornea were to move outward, where
would the division between peripheral and central cornea be?
It may be impossible to assess without extensive measure-
ments, but it is tempting to assume that there would be a zone
of bending beneath the edge of the ablation zone. If one could
find the location of the peripheral “knee,” one could estimate
the posterior central corneal movement as follows.

Let us assume that since the cornea is highly resistant to
strain,4 the central posterior corneal surface area (A) remains
constant and the limbus does not change; ie, the white-to-
white measurement is constant, � (Figure 1): R � the radius of
curvature of the central posterior corneal surface preopera-
tively; � � the anterior chamber angle; � � the semivertical
angle subtended by that portion of the cornea inside the knee;
l � the surface distance between the knee and limbus; h � the
height of the central posterior cornea; ie, the perpendicular
distance to a plane described by the limbus. Therefore,

A � 2	 R2
1 � cos ��

which equates to
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A � 4	 R2 sin2
�/2�

For convenience, this can be written

A � 	r2

where

r � 2R sin 
�/2�

But from projection perpendicular to the axis of symmetry, we
also have

�/2 � R sin � � l cos �

And from the projection parallel to the axis of symmetry, we
have

h � R � R cos � � l sin �

Substituting, we get

h � r sin
�/2� � l sin �

Expressing in terms of �, we have

r cos
�/2� � �/2 � l cos �

Consequently, the expression for h becomes

h � l sin � � �r2 � 
�/2 � l cos ��2

From this, it can be seen that the relationship of h to the
anterior chamber angle is a complex one. Furthermore, using
calculus it can be shown that a critical value for the anterior
chamber angle exists such that h can increase or decrease (ie,
the posterior cornea moves forward or backward) for increas-
ing values of the anterior chamber angle, depending on
whether the original value of the anterior chamber angle is
greater or less than the critical angle given by

� � cos�1��/2
r � l�

Therefore, some patients may experience anterior move-
ment of the posterior corneal surface associated with any for-
ward movement of the peripheral cornea, whereas other
patients may experience posterior movement. To look at it
another way, the preoperative anterior chamber angle may
have an effect on the postoperative posterior corneal position.
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Figure 1. (Comaish) Corneal model: R � radius of curvature of the
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