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RESUMO

A cirurgia refractiva tem tido um crescimento fulgurante nas ultimas décadas, tanto na sua evolu-
¢do técnica como na sua popularidade junto dos doentes. O objectivo deste trabalho ¢ apresentar
diversos conceitos actuais sobre cirurgia refractiva corneana com laser Excimer. Os autores,
baseados numa revisdo da literatura existente e na sua propria experiéncia, apresentam aspectos
praticos relativos a selec¢do e avaliacdo de doentes, escolha de procedimento, aspectos técni-
cos da cirurgia e seguimento pds-operatorio dos doentes. Sdo analisados os dois procedimentos
refractivos com laser Excimer mais frequentes - LASIK e PRK. Sao sugeridas as praticas ade-
quadas na avaliagdo pré-operatéria do doente, no sentido de pesquisar as contra indicagdes a
realizagdo deste tipo de cirurgia e estabelecer com rigor o seu estado de saude ocular. As contra
indicac¢des absolutas e relativas para ambos os procedimentos sdo discutidas, assim como as
mais valias de cada técnica nos diversos doentes. Sdo propostos limites de ametropia 6ptimos
para correcgdo com as plataformas de tratamento disponiveis actualmente. Reconhece-se a im-
portancia da avalia¢do do risco de ectasia iatrogénica e 0os novos avangos tedricos e técnicos
na identificagdo de candidatos de risco. Seguimento a longo prazo dos doentes ¢ essencial para
o aperfeigoamento dos resultados: orientagdes praticas sdo apresentadas e resultados de longo
prazo disponiveis na literatura cientifica sdo analisados.
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ABSTRACT

Refractive surgery has undergone an extraordinary growth in recent decades, both in technical
sophistication and in its popularity among patients. The goal of this work is to present current
concepts on corneal Excimer laser refractive surgery. The authors, based on a comprehensi-
ve review of the literature and on their own experience, discuss practical topics regarding pa-
tient selection and evaluation, procedure choice, different aspects of surgical technique, and
post-operative follow-up recommendations. The discussion is focused on the two most popular
Excimer procedures: LASIK and PRK. Clinical good conduct regarding patient evaluation is
reviewed, focusing on appropriate patient selection and on rigorous assessment of the patient’s
pre-operative status. Contra-indications, absolute and relative, as well as specific advantages of
both procedures are discussed. Optimal maximum attempted correction values are proposed.
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The importance of rigorous screening for post-operative ectasia at-risk patients is acknowledged.
New advances in screening devices and concepts are discussed. Long-term follow-up of patients
is essential for outcome analysis and improvement: practical guidance is suggested and long-

-term results available are reviewed.
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INTRODUCTION

Ophthalmology has witnessed an explosion in the
demand for surgical refractive correction in recent decades.
Since the cornea accounts for almost 70% of the refractive
power of the eye, shaping its refractive properties has long
been a method to restore the focus plane of parallel light
on the retina. Their safety, efficacy and predictability mean
that laser corneal treatments have long been in the fore-
front of advances in refractive correction. The procedures
traditionally known as “surface ablation techniques” were
among the first laser refractive correction procedures in
ophthalmology, and retain their status as the optimal tech-
niques for some important indications.! Laser in situ kera-
tomileusis (LASIK) emerged as an alternative technique for
refractive correction in which ablation is performed within
the stroma instead, after a stromal flap has been created.
LASIK appears to have multiple advantages? and its increa-
sing popularity has made it the most commonly performed
laser corneal refractive surgery today.? Procedures continue
to evolve as new techniques (femto-LASIK, Flex, SMILE),
excimer lasers, accurate topographic analysis software and
advanced tracking systems emerge.

Arguably, the biggest advance in terms of outcome
improvement was not related to technology but to concep-
tual framework. Earlier procedures were often performed
with little regard for patient selection and poor analysis of
the long-term outcome. A classic manifestation of those
shortcomings was the rise of post-LASIK ectasias. We
now live in a sophisticated age of corneal excimer laser
refractive surgery, where the mindset should be much more
one of tailored and customized treatments. We now have
diagnostic equipment that provides us with a vast amount
of information on the cornea about to be operated upon.
All of these innovations represent a unique opportunity to
offer our patients a better quality of vision that can translate
into a better quality of life. With this high level of expec-
tations in mind we set out to compile and propose a group
of clinical pearls concerning patient selection, procedure
choice and post-operative evaluation. Our main goal was
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to provide valuable practical information. Of the myriad of
new and ever-changing techniques available, the two most
common remain PRK and LASIK.* As such, we decided
to limit this discussion to those two techniques and made
a conscious effort to produce concise, high-value, clinical
guidance. It is not our intention to provide an exhaustive
review of the literature but to share our own experience and
expertise. We hope this paper can serve as a valuable tool
for residents and referring ophthalmologists in their daily
clinical practice.

PATIENT SELECTION

General Considerations

We follow the recommendations of the Royal College
of Ophthalmology and limit excimer refractive surgery to
patients older than 21 years.> A stable refraction is requi-
red, defined as prescription change of less than 0.5 diopters
(D) in the last year. Despite the lack of a compelling expla-
natory link, there seems to be a clear trend of association
between advanced tiers of education and a higher myopic
refraction.®’” With that in mind, a more cautious approach
- observing a longer follow-up period before surgery- is
recommended in young patients presenting with mild myo-
pia that are yet to finish their university studies. Conventio-
nal subjective refraction is expected to have intra-examiner
and inter-examiner reproducibility within the 0.25 to 0.5 D
range for spherical equivalent, sphere power and cylinder
power.® Any higher variation should be viewed with cau-
tion. When in doubt, a scrupulous approach is advisable and
the patient should be rescheduled within a year for a new
refraction test.

Known absolute and relative contra-indications are dis-
played on Table 1. Some patients are considered to be com-
pletely unfit for surgery while others may be rescheduled
to allow for a new appreciation. In the case of pregnancy
and breastfeeding, it remains as an absolute contra-indi-
cation but the 1% and 2™ trimesters are more problematic,
with refractive instability®!® and increased ectasia risk.!''?
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Ideally, treatment should be delayed for 12 weeks after
breast-feeding has ended. Patients with dry eye syndrome
must be adequately treated beforehand and in patients with
HSV or VZV we must consider prophylactic treatment
before surgery and in the post-operative period. Diabetes
mellitus is known to cause refractive instability and impai-
red healing response, therefore strict metabolic control
must be achieved before surgery. Auto-immune disorders
are treated preferentially with LASIK'*"rather than PRK",
and so are patients with propensity to keloid formation.'
In the case of epithelial basement membrane dystrophy
LASIK is not recommended but PRK can actually help
reduce the rate of erosions."’

Table 1| Absolute and relative contra-indications for
Excimer surgery.

Absolute Relative

Unstable refraction Dry eye syndrome

Ectatic abnormalities (e.g.
keratoconus, pellucid

. ) HSV or VZV
marginal ectasia, other types
of ectasia)
Significant external disease
(e.g. blepharitis, severe Diabetes Mellitus
allergy)
Exposure keratopathy Immunosuppressed state

Uncontrolled ocular
conditions (glaucoma,
uveitis)

Known auto-immune
disorders

Propensity to keloid scar

Pregnancy and breastfeeding formation

Epithelial basement

Single functional eye membrane dystrophy

Ophthalmological Examination

Establishing the refractive status of the patient does
not obviate the need for a comprehensive medical eye exa-
mination. Careful history taking is mandatory and should
include a detailed discussion of the reasons for refractive
surgery and both present and future visual needs.

Chronic contact lens (CL) use is known to cause cor-
neal warping.'®!” Contact lens users are advised to disconti-
nue their use before the preoperative evaluation. A gradual
approach is used to calculate the discontinuation time nee-
ded: 1 week for every 5 years of use of soft contact lenses
(e.g. if using soft CL for 10 years they should be removed
2 weeks prior to the consultation) and 2 weeks for every
5 years with rigid contact lenses.!® Special care should be

taken in the case of rigid CL to ensure refractive stability
and full regression of corneal warpage.

The best corrected distance visual acuity should be
assessed in a properly lit room. A distance of 6 meters
is typically used. If the patient is cooperative, subjective
refraction is preferred. Under very specific circumstan-
ces, objective determination using retinoscopy can be
an acceptable option, particularly in young patients with
hyperopia or mixed astigmatism. Accommodation should
be fully relaxed during distance refraction evaluation,
although cycloplegic refraction is not required for every
patient. If manifest refraction is used, special care must
be taken to ensure full relaxation of accommodation to
prevent over-correction for myopia and under-correction
for hyperopia. Uncontrolled accommodation can be mini-
mized where necessary by means of plus lenses to create
a “fogging” effect.

In patients with hyperopia, hyperopic compound
astigmatism or mixed astigmatism, especially in younger
patients, some degree of latent hyperopia is common and
can be masked when using manifest refraction. In these
patients, the full measure of latent hyperopia can only be
uncovered through cycloplegic refraction. Cyclopentolate
1% (2 drops, with an interval of 5 minutes, onset of action
after 45 minutes) provides effective cycloplegia and a shor-
ter, better tolerated, duration of action.?’ In some patients,
the difference between the manifest and cycloplegic refrac-
tion exceeds 1 D, indicating the presence of excess accom-
modative tone or accommodation spasm. In these cases it is
advisable to repeat the refraction and try to approximate the
subjective refraction to the best tolerated full cycloplegic
refraction (pushing plus).

Each eye should be assessed independently and bino-
cular refraction refined afterwards. The duochrome test
should be performed, aiming for an equally clear reading
of the two halves. In patients over 40 years of age, a “red-
-preference” can be a desirable result, as a way of achieving
slight under-correction of myopia.

The physician should be alert to any significant devia-
tion between the astigmatic error found with subjective
refraction and the corneal astigmatism visible on topo-
graphy. Biomicroscopy evaluation of the tear film, ocular
surface and anterior segment should be thorough and com-
prehensive. Special care should be taken to search for the
presence of corneal changes, such as limbic neovasculari-
zation or pannus.

Pupillary size is not routinely measured rigorously, but
its impact on the quality of vision under scotopic condi-
tions is a matter of debate. It is known that intraocular light
scatter and spherical aberrations increase with larger pupil
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size, but a large preoperative pupil has not been consisten-
tly linked with worse outcomes.?'** Moreover, the techni-
cal process of pupil measurement is tiresome and its accu-
racy dubious. Pupil size varies throughout the patient’s
life and at any given moment it is influenced by a number
of confounding factors (medications, emotions, alertness,
etc). Ideally it should be measured fixating on a distance
target, to achieve a non-accommodated state. There are
several devices available (e.g. Rosenbaum cards, Colvard
pupillometer, Procyon pupillometer, Neuroptics pupillo-
meter) but there are still issues concerning repeatability
and inter-observer agreement.”>?* Some devices com-
monly used for the tomographic assessment of candidates,
like the Orbscan I1® or the Pentacam®, also provide pupil
diameter values. We generally rely on the values provided
by the Orbscan II® - acquired under mesopic conditions
(1-3 cd/m?) - due to the feasibility of the exam. Regardless
of the anedoctal evidence noted before, there is wides-
pread notion that large pupil sizes might be responsible
for the visual complaints, such as glare or halo in night
vision, reported by some patients.?* The conceptual reaso-
ning behind such a belief is intuitive: large pupils in sco-
topic or mesopic conditions may become large enough to
allow light passing through the untreated cornea to reach
the retinal plane. With a mesopic pupil larger than 4 mm
an optical ablation zone of 7 mm is chosen. If the mesopic
pupil is under 4 mm we prefer to use an ablation diameter
of 6.5 mm, except for patients with mixed astigmatism or
hyperopia, who are also treated with a 7.0 mm ablation
zone. These values are not immovable and may be tai-
lored as necessary according to the patient’s pachimetry.
The need for rigorous pupillary measurement should be
tailored to the findings of the physical examination and
its importance considered when discussing night-vision
needs and expectations.

Intraocular pressure should preferably be measured with
a Goldman applanation tonometer or similar.”’

Dilated fundoscopic evaluation is part of the recommen-
ded preoperative assessment. Although most candidates are
likely to have a best corrected vision of 20/20 or better, the
fact remains that perfect visual acuity does not rule out a
serious eye condition. In the case of high refractive errors it
is common for patients to have sub-optimal best corrected
visual acuity, even with perfected refractive correction and
in the absence of any structural impairment.

Although their assessment is cumbersome, some reports
highlight the importance of psychological factors to refrac-
tive surgery outcomes.®®* Motivation, expectations and
concerns regarding refractive surgery should always be dis-
cussed at length with the patient.
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INDICATIONS FOR REFRACTIVE ABLATION
TECHNIQUES

* Approved indications are specific to the different
excimer-laser devices available in the market and
the full list of FDA-approved indications for each
device is available online.?!

e Table 2 shows the maximum values of refractive
error that our group currently observes for exci-
mer refractive surgery. These values do not reflect
the approved maximum indication of the excimer
device currently in use in our center and should be
used for guidance only.

Table 2| Current indications considered for PRK and Lasik.

Myopia Hyperopia Astigmatism

Upto-5.00D | Upto+2.50D | Upto2.50D
PRK spherical spherical cylinder

equivalent equivalent (39,40)

(32-35) (36-38)

Sum of sphere | Up to +4.0 Up to 4.00

and cylinder D spherical D cylinder
LASIK | should not equivalent (40,43,44)

exceed -7.50 D | (35,42,43)

(34,35,41)

Keratometry Evaluation

The association between keratometry values and out-
comes has been extensively studied for both myopic and
hyperopic LASIK. Even so, it is not easy to infer firm con-
clusions from the literature, probably because there is wide
variability in the thresholds accepted as steep/flat corneas
and in the ametropia levels considered. Nonetheless, kera-
tometric values seem to play a role in visual outcomes and
we prefer to maintain postoperative keratometric values
within prudent limits.

Conflicting results have been reported for hyperopic
LASIK regarding the influence of preoperative and pos-
toperative keratometry. Some series report better results
with flatter corneas* while other groups found the oppo-
site association, with reduced predictability in greater K
powers.**” Moreover, other studies*** found no impact of
postoperative keratometry on surgery outcomes. There are
also studies that find that successful hyperopic correction is
correlated with the magnitude of the corneal change rather
than the exact pre- or post-operative value.**! At present,
the exact basis for the worse outcomes is not entirely clear
and further time and research are needed to clarify some of
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the apparent contradictions in the literature. For that reason
we share the opinion of other groups*? and suggest cau-
tion in performing LASIK in patients with K values that
are higher than 48 D. It is important to notice that a steepe-
ning of 1.00 D for every diopter of hyperopia treated can
be expected, and this effect should be taken into account
when predicting a postoperative keratometry value within
the intended limit."”

For myopic patients, there is a historical trend of results
reporting worse outcomes associated with increased flatte-
ning.”*** However, this is also a controversial issue since
some reports showed no impact of keratometric values®
or even better visual outcomes with flatter corneas®’. Des-
pite the lack of absolute consensus, most surgeons would
agree that caution is indicated when causing substantial
flattening and we propose a postoperative limit that should
not be less than 35 D. Again, a flattening effect of 0.80 D
for every diopter of myopia treated can be predicted and
should be considered when aiming at a postoperative cor-
neal power over 35 D."

The presentation of extremely steep or flat corneas
should also raise some important questions for the surgeon
during the procedure. It is important to be aware that exces-
sively flat corneas are at higher risk of developing a free
cap.’®¥ Less tissue is likely to enter into the suction head
and that should be taken into account when performing the
microkeratome cut. Steep corneas, however, are usually
associated with thin, irregular or buttonhole flaps.®-¢' The
introduction of femtosecond laser flap creation has helped
diminish the incidence of these rare complications®>%, with
a more predictable flap thickness®>** and the induction of
lesser high-order aberrations.®

Procedure Choice for Myopia

Despite extensive comparative literature, there is little
evidence of one technique being superior to the other. Out-
comes like long-term uncorrected visual acuity, refractive
accuracy and refractive stability seem to be similar for
both techniques.®®”" There is abundant evidence suppor-
ting the widespread notion that visual recovery is faster
with LASIK.” That is probably why LASIK is the pro-
cedure most often performed in refractive centers worl-
dwide.”” Interestingly, a recent study has shown a diffe-
rent trend in more recent years, with a shift in surgeon
preference from LASIK back to PRK.” That change is
thought to result from an increased awareness of ectasia
risk and surgeons’ desire to avoid such a dreaded compli-
cation, even when the estimated risk is slightly more than
minimal. Ectasia screening and risk assessment scores are
discussed below.

Procedure Choice for Hyperopia

Comparative studies of LASIK and PRK for hyperopia
or compound hyperopic astigmatism treatment are fewer
and the evidence produced is of poorer quality. Again, no
definite superiority was proved for the long-term uncorrec-
ted visual acuity achieved, or for the refractive accuracy.*®
As predicted, LASIK involved less post-operative pain and
refractive stability was achieved earlier. Moreover, PRK
was associated with a high rate of peripheral haze.” Ear-
lier reports presented higher rates of regression in patients
treated with PRK37”7 This difference has a tendency to disa-
ppear with the passage of time and the long-term efficacy
and stability appear to be similar for both procedures.*

As for myopia, the differences between the two surge-
ries should be discussed at length with the patient and the
choice tailored by the surgeon according to the patient’s
needs and the refractive error presented.

Mitomycin-C in PRK Treatments

Mitomycin-C (MMC) inhibits cellular replication and
is widely used in ophthalmological surgery, particularly
in glaucoma or pterygium surgery, as a way to modulate
the local healing response and prevent excessive fibrovas-
cular proliferation. Corneal haze is a known complication
of PRK that results from abnormal keratocyte proliferation.
It has long been reported that prophylatic healing modula-
tion through the intra-operative use of mitomycin-C could
be effective in reducing the incidence of post-PRK haze.”
Since its description, the use of intra-operative mitomycin-
-C has gained acceptance and is now widespread among
refractive surgeons, with over 90% of ASCRS members
reporting using it as an adjunct to PRK.” Most studies
address the effects on high myopic eyes, for which the use
of mitomycin-C appears to be effective, both in preven-
ting haze formation®-®? and in improving refractive outco-
mes.?*# By regulating the healing process, mitomycin-C
can also mitigate the regression that is sometimes seen after
treatment.”®® This fact should be taken into account when
devising the treatment plan because, with long application
times, some level of overcorrection is to be expected, requi-
ring nomogram adjustment.”®* For shorter periods of MMC
exposure no adjustment is needed. Although less evidence
is available, the same positive effect on haze prevention,
visual outcome and refractive predictability, seems to be
expected for hyperopic treatment.*

The exact dosing of mitomycin-C remains a matter
of controversy. Based on the earliest reports of haze pro-
phylaxis®’, many groups used MMC at 0.02% for 2 minu-
tes. A desire to reduce exposure times and concentration
has led to a gradual process of refinement over the years,
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and several papers have reported the successful outco-
mes of different exposure times based on the depth of
ablation performed® or surgeon’s preference.®® A pros-
pective study comparing the 0.02% MMC with 0.002%
found that although the standard dose of 0.02% was more
effective for high myopia a reduced concentration was
equally effective for low to moderate myopia.®' Another
study found that haze prophylaxis could be achieved with
exposure time as short as 12 seconds® or 5 seconds.® A
recent double-masked randomized prospective trial com-
paring results for different exposure times (60, 30 or 15
seconds) found that with modern ablation profiles MMC
might actually not be needed.*® In our center we performed
a study comparing haze formation in myopic-PRK using
different concentrations and exposure times or no MMC
at all.®® MMC was able to limit the increase of keratocyte
density of the anterior stroma - assessed with confocal
microscopy - and reduce haze formation. However no
difference was noted when using either 0,02% or 0,01%,
applied for 15 or 30 seconds.

loss of best corrected visual acuity - and serious medico-
-legal implications.

Detailed reports have been published on the characteris-
tics of patients who eventually developed ectasia, and those
reports have formed the basis of numerous attempts to pro-
pose risk factors that could identify at-risk patients. Poten-
tially, all cases could be avoided if at-risk patients were
identified and excluded as unsuitable candidates, making
this screening a vital point of the preoperative evaluation.
Randleman et al proposed the Ectasia Risk Score System
(ERSS)* which stratifies patients into different risks of
ectasia according to the number of preoperative parameters
present. Large retrospective reviews of long-term results of
LASIK in myopic patients seem to validate this strategy.”

The stratification model gathers different variables dee-
med relevant and then assigns different points according to
the values observed. The parameters are: (1) topographic
pattern, (2) residual stromal bed (RSB) thickness, (3) age,
(4) central corneal thickness (CCT), and (5) preoperative
refraction. The complete system is presented in Table 3.

Table 3 | Ectasia Risk Factor Score System. Adapted from Randleman et al **.

Points
Parameter 0 1 2 3 4
Topography Normal ABT Infrcleirril(;r/ggzp © FFKC
RSB thickness (nm) >300 280-299 260-279 240-259 <240
Age(years) >30 26-29 22-25 18-21
CT (pm) >510 481-510 451-480 <450
MRSE (D) <-8 -8to-10 -10to -12 -12 to -14 >-14

ABT: asymmetric bowtie; CT: preoperative corneal thickness; D: diopters; FFKC: forme fruste keratoconus; MRSE: preoperative spherical equivalent manifest refraction; RSB: residual stromal bed;

ABT: assymmetric bowtie; SRA: skewed radial axis

The most mindful approach might be achieved with
appropriate patient selection. There is little evidence sup-
porting the use of MMC with very low levels of myopia
and therefore MMC might not be needed for every case
of surface ablation. We use a stepwise planning process:
adjunctive MMC, applied for 12 seconds®, is used during
PRK only when ablation depth exceeds 50 um.*

RISK ASSESSMENT FOR ECTASIA

Progressive keratectasia is one of the most feared com-
plications of refractive ablation surgery. Although the esti-
mated incidence of ectasia appears to be relatively low®, it
has significant consequences for the patient - with potential
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Patients presenting 2 or fewer points would be at low
risk for ectasia, 3 points would foresee a moderate risk, and
all patients with 4 or more risk points would be at high risk
for ectasia and performing LASIK should be discouraged.

Understandably, ectasia risk should be considered as a
continuum and not constrained by arbitrary values. It must
always be assessed on a personalized basis. Special care
must be taken with cases presenting borderline values but
that still fit the criteria.

A thin residual stromal bed is one of the most impor-
tant factors contributing to biomechanical instability, as
the flap left on site has a slight influence on the structural
tensile strength of the cornea. The exact thickness of the
residual stromal bed can be difficult to calculate accurately
because it is affected by multiple factors. First, the depth of
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Fig. 1| Topographic and elevation maps of a post-LASIK ectasia
provided by the Pentacam® device. A: Belin/Ambrosio
Enhanced Ectasia map; B: Holladay Report maps.

excimer ablation can be altered by the diameter of the optic
zone chosen, the corneal profile, variations in the energy
delivered” and relative dryness of the cornea.®** Nor are
devices for measuring corneal thickness without error and
some variation has been reported.”’ Lastly, the estimated
thickness of the flap intended does not always coincide
with the real flap created,**** especially handling manual
microkeratomes. With all this in mind, we recommend that
a minimum residual stromal bed thickness of 300 um (cor-
responding to a score of 0 on the ERSS) be respected.

A common finding among patients who developed
ectasia was the presence of preoperative topographic
abnormalities that went unrecognized. Different imaging
modalities are available for topographic screening. Some
of the more popular include slit-scanning videokeratogra-
phy, Scheimpflug camera devices, and wavefront analysis.

A high suspicion index is advisable. Important hallmarks
for KC screening are the presence of an inferior elevation,
steeper inferior curvature, excessive thinning of the stee-
pest zone and a skewed astigmatic axis without the normal
bowtie pattern. Patients with PMD will usually present with
a thinning area that is 1-2 mm wide, 1-2 mm above the infe-
rior limbus. Unlike KC, the steepest area should be above
the thinnest area. A claw shaped pattern is typical but not
exclusive to this disease. The normal values of each physi-
cian topographic system should also be kept in mind. In the
case of Orbscan II, red flags for possible pre-existing ecta-
sia are: 1) posterior float larger than 0.04 mm; 2) anterior
float larger than 0.025 mm; 3) irregularity in the 3mm zone
>1.5D or>2 D in the 5Smm zone. A thinnest point that is 30
pm thinner than the central corneal thickness or more than
2.5 mm from the center of the corneal map is suspicious.
Peripheral cornea should always be 20 um thicker than the
central cornea.

The use of Scheimpflug systems - like the Pentacam
device (Oculus Optikgerate GmbH) - has also gained wide
clinical acceptance, and some papers actually report them
to be more sensitive at detecting early forms of KC.!® The
use of posterior elevation values,'® anterior and posterior
elevation differences (maximum - minimum),'°1%2 asymme-
try of the anterior curvature!®! or reconstructed tomographic
elevation data (like the Belin/Ambrésio Enhanced Ectasia
Display)'® have all been reported as important criteria for
the screening of subtle corneal changes. Again, important
threshold values to identify abnormal corneas have been
proposed. A thinnest point (TP) under 500 pum is proble-
matic.'™ A central or paracentral “island” pattern is sus-
pect, usually with elevation values that are 10 pm above the
anterior surface or 15 um below the posterior surface. The
thinnest point is usually located within such an “island”. A
specific parameter is named the “Ambrdsio Relational Thin-
nest” (ART) - calculated as the thinnest pachymetric value
divided by the minimal (ART-Min), maximal (ART- Max)
and average (ART-Mid) meridians of pachymetric progres-
sion. Corneas are deemed abnormal when the ART-Max
and ART-Mid are lower than 339um and 426um, respec-
tively.!® The Belin/Ambrosio Enhanced Ectasia Display
(BAD) combines front and back elevation values with the
pachymetric distribution to obtain a comprehensive insi-
ght into the structure of the cornea. The final D (parameter
deviation) value was calculated to provide optimal sensi-
tivity and specificity, with a cutoff set at 1.6. The corneal
thickness distribution profile is evaluated and the Corneal
Thickness Spatial Profile (CTSP) and Percentage Thickness
Increase (PTI) curve graphs calculated, providing important
information when they escape expected values.!%
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Corneal aberrometric analysis is another effective tool
for the detection of subclinical and advanced forms of
KC."7-11I The use of corneal wavefront aberrometry is more
discriminating for KC detection than the use of total ocular
aberration analysis.''?

Although it is not included in the ERSS, a positive
family history of ectatic disorders, even in the absence of
evident corneal abnormalities, makes the patient a “less”
desirable candidate.'

The development of corneal imaging devices has revea-
led the potential of corneal epithelial thickness distribution
as a biological marker of corneal instability and ectatic or
pre-ectatic states. Usually, epithelial maps can be obtained
using high-frequency ultrasound''*'> or OCT."'%!"" Kera-
toconic eyes seem to display specific patterns of epithelial
thickness: significantly thinner over the inferior and tempo-
ral corneal area and thicker centrally and superiorly.!!>!#
A specific “epithelial doughnut pattern” was described,
consisting of a central area of epithelial thinning over the
cone area, surrounded by a ring of thick epithelium.'"* This
might prove significant when screening refractive surgery
candidates that present with subclinical keratoconus and an
unremarkable topography.

The epidemiology of keratoconus is highly variable
among populations - from 0.3 per 100 000 in a Russian
study (0.0003%)' to 2 300 per 100 000 individuals in
Central India (2.3%).1?* However, even if it is not a parti-
cularly common disease in the general population, patients
with keratoconus represent a disproportionate percentage of
refractive surgery candidates, due to their poor spectacle-
-corrected quality of vision. These patients, together with
others with pellucid marginal degeneration or corneal dys-
trophies, must be actively screened and identified, given the
danger of causing iatrogenic damage to the patient’s cor-
neal stability.

Attempts at correcting large refractive errors is another
well-known risk factor for ectasia.'?! As shown in Table 1,
we are routinely even slightly more conservative relative to
what is proposed by the ERSS when it comes to performing
LASIK for moderate and high myopia. A recent Cochrane
systematic review'?? favours phakic IOLs over excimer
laser when treating myopia over -6.0 D. The results were
similar in terms of the percentage of patients achieving
20/20 vision or better after 12 months but the safety profile
was more favorable in the phakic IOL group, with fewer
patients losing best spectacle-corrected visual acuity. Only
three randomized controlled trials (RCTs) were conside-
red and summarized'*-'*, encompassing largely disparate
values of myopia: between - 9.0 to and 19.5 D'%, between
-8.0 and -12.0 D'?*, and between -6.0 and -20.0D'?. Further
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RCTs, with adequately powered sub-group analysis, are
needed to discriminate the optimal range of myopia for
each method.

A new metric for the assessment of ectasia risk was
recently introduced for eyes that present with normal topo-
graphy.'?¢12” Percent Tissue Altered (PTA) is calculated as
the percentage of flap thickness combined with ablation
depth from the preoperative central thickness. A PTA value
over 40 was deemed to be significantly associated with
ectasia risk.

Described cases of post-PRK ectasia are fewer than
post-LASIK. Although the presence of suspected topogra-
phic abnormalities constitutes an absolute contraindication
for LASIK, there is little evidence available concerning the
outcomes of PRK in corneas with subclinical keratoconus
or other abrnormalities.'”® Regardless, most cases reported
in the literature with post-PRK ectasia were either diagno-
sed with KC or had known topographic suspected abnor-
malities.'?*3! Therefore we recommend that eyes that are
candidates for PRK be subjected to the same type of strict
risk assessment proposed for LASIK candidates.

LONG TERM FOLLOW-UP

We are now analyzing the long term outcomes of the
first generation of excimer laser surgeries performed almost
a quarter of a century ago.

A paper reporting on the 20 year follow-up of myo-
pic PRK showed that there was a small degree of myopic
regression in the long term: -0.31 D of spherical equiva-
lent after 18 years'3? and -0.54 D of spherical equivalent
after 20 years.'*® Female sex and younger age were found
to correlate with more regression but the reason for such an
association is yet to be elucidated. No vision-threatening
complications were reported. Results of 16 year outcomes
for myopic PRK from another group'* found that mean
refractive error was -0.58 D. No serious complications
were noted. Importantly, all patients said that they would
undergo the procedure again today.

Long-term outcomes available for myopic LASIK are
not as old, but 10- and 15-year follow-ups have been repor-
ted. A group of 40 patients with a minimum of 15 years of
follow-up'** showed some level of myopic regression with
46.15% of the eyes within 1 D of spherical equivalent of the
attempted correction and 64.10% within 2 D. Interestingly,
very high myopia was corrected in patients who would not
be candidates if the surgery took place today. One case of
ectasia occurred. Another study'* reported a shorter follow-
-up but on a larger cohort of patients (346 eyes). Manifest
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spherical equivalent was -0.67 &= 0.92 after 10 years. Howe-
ver, only 52% of patients achieved 20/20 vision. Two eyes
had developed corneal ectasia.

POSTOPERATIVE CARE

LASIK

Topical antibiotics are prescribed, customarily a third
generation quinolone (e.g. Levofloxacine 5 mg/ml), every 2
hours for the first 2 days and then 4 times a day for the next
week. Topical corticosteroids are also prescribed every 2
hours immediately after surgery and then tapered according
to clinical response.

Moderate discomfort is expected but oral analgesics or
NSAIDs are not routinely prescribed in our clinic.

Patients are then seen again at the first day, third day and
3 month. Observation in the first few days after surgery is
important for the early detection of diffuse lamellar keratitis
(DLK). 137138

PRK

Bandage contact lens is placed immediately after sur-
gery. Topical antibiotics are prescribed, customarily a third
generation quinolone (e.g. Levofloxacine 5 mg/ml), every 2
hours for 1 week.

Postoperative pain is common and oral NSAIDs can be
prescribed (our group usually prescribes clonixin 300 mg
every 4 to 6 hours).

The patient is re-examined on the 3™ or 4" day postope-
rative. Bandage contact lens is removed and slit-lamp exa-
mination performed to check for corneal reepithelization.
Topical corticosteroid is introduced q.i.d. for the first 10
days and then tapered to t.i.d., b.i.d. and i.d. every 10 days.
If full reepithelization is not observed, examination should
be repeated every 2 or 3 days.

The patient is then re-observed on the 3rd month
postoperative.

RETREATMENT

Despite its remarkable efficacy and safety there are still
many cases where, because of immediate refractive result,
patient expectations or late regression, a retreatment proce-
dure is desirable.

The level of accuracy expected for the intended correc-
tion should be discussed with the patient and the possibility
of the need for retreatment should be quite explicit on the
informed consent signed by the patient.

A stable post-operative refraction should be achieved.
In our center, we opt for a waiting period that is never less
than 3 months after LASIK and 6 months after PRK. For
hyperopic LASIK we prolong the waiting period to 6 mon-
ths as well. Repeated measurements that strongly document
the presence of a stable residual error are important. Con-
siderate reflection on each case should be made on an indi-
vidual basis, but we usually consider a residual error larger
than 0.75 D in a symptomatic patient as a good threshold
for retreatment. Before a decision is made, a comprehensive
eye examination must be undertaken, including a careful
review of all the preoperative elements. The possibility of a
new pathologic condition (cataract, retinal changes) or early
stage keratectasia altering the refractive stability has to be
explicitly excluded, although cases of post-LASIK ectasia
have a later time of onset, within 15 months®*'** on average.

In the case of post-PRK patients it is important to
carefully assess for the presence of haze and the potential
myopic regression it might induce. The therapeutic effi-
cacy of mitomycin-C irrigation after debridement has been
postulated.®”-140

In the case of post-LASIK patients, post-treatment cor-
neal topography and residual stromal bed thickness should
be measured. The use of anterior segment optical coherence
tomography is an invaluable option for this assessment. The
options most widely accepted for retreatment are lifting the
previous flap*! or performing PRK over LASIK!#*!4, The
use of femtosecond laser to create mini-flaps or side-cuts
has also been reported recently.'*>-14

CONCLUSION

We have reached a point of sophistication in laser
refractive surgery that would have seemed unattainable for
ophthalmologists 25 years ago. Numerous studies point to
the positive impact that refractive surgery has on people’s
everyday life, with patients consistently reporting a posto-
perative improvement in their quality of life."*!*8 Hand in
hand with the quasi magical results attributed by the general
public to refractive surgery comes an equally inflated level
of accountability. The high level of expectation associated
with laser refractive surgery is unlikely to be equaled by any
other surgical procedure. The ophthalmological community
has been able to provide a positive response to that challenge,
with new techniques, devices and theoretical approaches
emerging every year. And as new areas of progress continue
to appear, only further improvement is to be expected. The
future of laser refractive surgery seems promising but it will
only ever be as bright as the combined input and endeavor
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of all its practitioners. Our patients expect great results and
only a posture firmly grounded on strong epistemological
knowledge and up-to-date practices can achieve that. Advo-
cating, to the greatest extent possible, the harmonization of
clinical procedures can only result in an optimized decision-
-making process. We hope that the clinical coordinates sha-
red in this paper can serve as a frame of reference to both
guide everyday medical practice and to foster the scientific
debate and cooperation among the refractive community.
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