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ARTICLE

Evaluation of the percentage tissue altered ®
as a risk factor for developing post-laser
In situ keratomileusis ectasia

Alain Saad, MD, Perry S. Binder, MS, MD, Damien Gatinel, MD

Purpose: To assess the currently recommended percentage
tissue altered (PTA) metric for its ability to screen for ectasia
after laser in situ keratomileusis (LASIK).

Setting: Gavin Herbert Eye Institute, University of California, Irvine,
California, USA, and Rothschild Foundation, Paris, France.

Design: Retrospective case series.

Methods: The study used a LASIK database created by 1 surgeon
for LASIK cases with normal preoperative topography that had
a minimum follow-up of 24 months with complete preoperative
and intraoperative data to permit the calculation of PTA values to
detect eyes at risk for developing ectasia.

Results: Of the eyes, 593 eyes had complete data and
met the inclusion criteria. Based on measured flap thickness,

(0.04% to 0.6%)," * ectasia after laser in situ kera-

tomileusis (LASIK) remains 1 of the most devas-
tating post-LASIK complications. Ectasia theoretically
results from the loss of biomechanical integrity of the
cornea, resulting in an unanticipated and progressive
corneal steepening and thinning associated with increasing
myopic astigmatism.’

Various risk factors for the development of ectasia have
been identified, of which abnormal preoperative topog-
raphy has been determined to be the most important.® "
Improved topography and risk-assessment systems have
been developed to detect subclinical or forme fruste kerato-
conus, which if undetected, could lead to post-LASIK ecta-
sia.>”1%?* The Ectasia Risk Score System (ERSS) was
developed by Randleman et al. in 2008”* as a quantitative
method of describing the risk for ectasia based on 5 criteria
in a weighted manner in order of importance as follows:
preoperative topography pattern, residual stromal bed

3 Ithough rare, with a reported incidence between

126 eyes (21%) had a PTA value of 40% or more (mean 44)
and a percentage of that flap thickness accounted for the
PTA (mean 66.7%; range 34% to 92%). The mean attempted
laser ablation was 79.8 um + 29.2 (SD), and the mean
residual bed thickness was 304.4 + 29.2 um (range 212 to
369 um). No eye developed ectasia over a mean follow-up
of 30 months.

Conclusions: The current PTA calculation when applied to a
LASIK population with normal preoperative topography and flap
thickness measured with ultrasound did not predict the risk for
ectasia. Differences between study populations and assumptions
might have accounted for the different outcomes obtained in
the initially published PTA study.

J Cataract Refract Surg 2017; 43:946-951 © 2017 ASCRS and
ESCRS.

(RSB) thickness, patient age at the time of surgery, preoper-
ative corneal thickness, and treated manifest refraction
spherical equivalent. The ERSS has been independently
evaluated in several studies. In Chan et al.’s study,”” topog-
raphy was abnormal in 69% of cases, whereas the sensitivity
of the ERSS in classifying cases at high risk was only 56%. In
eyes with normal preoperative topography, Binder and
Trattler® showed that the ERSS might not accurately predict
whether patients are at increased risk for developing ectasia,
and it tends to overestimate the ectasia risk in eyes with
normal preoperative topography.

Preoperative corneal thickness, ablation depth, patient
age, and flap thickness are thought to play roles in biome-
chanical change after a LASIK procedure; however, each in-
dividual factor has not been been proven to be a definitive
risk factor.®***” Nevertheless, case reports”” suggest that a
risk score system can sometimes be beneficial in predicting
a risk for ectasia. More recent proposals have improved on
previous risk score systems.”’
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The concept of percentage tissue altered (PTA) as a calcu-
lated ectasia risk factor was introduced by Santhiago
et al.”’* The PTA represents the percentage of central
corneal tissue modified during the creation of the LASIK
flap and subsequent stromal photoablation. It considers
the relationship between the preoperative corneal thick-
ness, tissue altered (ablated) through excimer laser ablation
and flap creation, and the ultimate RSB thickness. It has
been recommended as a screening metric for refractive sur-
gery candidates. In Santhiago et al.’s study™” of eyes with
suspicious preoperative topography, the PTA had a higher
discriminative capability than the RSB thickness for post-
LASIK ectasia. To our knowledge, at present no published
studies have independently validated the PTA concept.

Our study evaluated the values of the PTA metric by
computing its value in well-documented cases of LASIK
in which intraoperative pachymetry was performed in all
eyes to measure the central flap thickness.

PATIENTS AND METHODS

The analysis was performed using a database program, Outcomes
Analysis Software (version 5.2, Accelerated Vision, Inc.), which
was designed for the ophthalmology field. This is the same soft-
ware used for previous analyses of ectasia risk.® All procedures
were performed by the same surgeon (P.S.B.). The primary source
of data entry was the surgeon.

The database was queried to look for LASIK cases with a min-
imum follow-up of 24 months that had complete data, including
the mechanism of flap creation and intraoperative ultrasound
(US) pachymetry measurement of created flap thicknesses, as
well as the recorded attempted excimer laser ablation depth. The
cases were entered into the database between 1997 and 2008.
The database did not save the topographies and the following to-
pographers were used: Eyesys (Eyesys Vision, Inc.), C-scan (Tech-
nomed GmbH), Humphrey Atlas (Carl Zeiss Meditec AG),
Pentacam (Oculus Optikgerate GmbH), and Allegretto Wavelight
Topolyzer (Alcon Laboratories, Inc.). As previously reported,”
subtraction US flap thicknesses were measured by the surgeon us-
ing 2 different US pachymeters. The selected cases were exported

Table 1. Characteristics of the study population.
Total Cohort (593

PTA >40% (Flap Measured)

into Excel software (Office v39, Microsoft Corp.). All cases had a
standard preoperative refractive surgery screening that included
corneal topography.”

Analysis columns were created to calculate the PTA according
to the following formula recommended by Santhiago et al.’***:

PTA = [(flap thickness + excimer laser ablation)
/preoperative CCT] x 100

which allows the expression in whole numbers and where CCT is
the central corneal thickness. Preoperative flap thickness was
determined using central US pachymetry performed by the sur-
geon on the center of the entrance pupil immediately before flap
creation and immediately after the created flap was reflected.
There were no fluids used to assist in the measurement.

The attempted excimer laser ablation was recorded directly
from the individual excimer laser to the database. A study by
Flanagan and Binder’® confirmed that the attempted laser
ablation closely represents the actual central laser ablation. The
PTA was calculated based on actual measured flap thickness and
on attempted flap thickness. The percentage of the PTA value
that was produced by each flap thickness measurement was also
calculated after discarding 2 eyes with erroneously measured flaps
thinner than 50 um.”” The eyes selected had PTA values of 40% or
more as recommended by Santhiago et al.’’** Comparisons of
groups of paired eyes were performed using the Student ¢ test. A
topographic examination was performed at each postoperative
visit to rule out ectasia and suspicious topographic changes.

RESULTS
The study comprised 593 eyes with a minimum follow-up of
24 months (mean 30 months; range 24 to 108 months) that
had normal preoperative topography and preoperative CCT
and intraoperative flap thickness measurements (Table 1).
Of these, 126 eyes had a PTA value of 40% or more (based
on measured flap thickness) (mean 44%; range 40 to 64%).
Five hundred twenty-nine (89%) LASIK flaps were created
with a mechanical microkeratome (314 with the Chiron Auto-
mated Corneal Shaper, 210 with the Summit-Krumeich-
Barraquer microkeratome, 4 with the Phoenix Keratec,
1 with the Medlogics microkeratome) and 64 with the

PTA <40% (Flap Measured)

Eyes; 47% Men)

(126 Eyes; 38% Men)

(467 Eyes; 50% Men)

Parameter Mean + SD Mean + SD Range Mean + SD Range
Age (y) 42.0 + 10.2 40.6 £ 9.5 21,59 42.23 £ 10.3 20, 74
Attempted correction SE (D) —-5.1 + 3.1 —-7.0 + 3.8 -18, -0.4 —46+ 26 —-18.5, -04
Flat K (D) 439 + 1.6 442 + 1.4 39.4, 48.5 439 + 1.6 39.2, 48.2
Steep K (D) 45.0 + 1.6 455 +£ 1.3 42.1, 48.5 449 + 1.6 41.0, 49.7
Planned flap thickness (um) 161.6 £ 30.9 169.2 £ 27.2 90, 240 159.6 + 31.6 90, 240
US preop CCT (um) 547 + 37 543 £+ 35 435, 627 548 + 37 429, 664
US measured central flap thickness (um) 133 + 30 1568.7 + 27.0 91, 246 126.3 £ 27.3 17,230
Planned laser ablation (um) 58.7 + 26.5 79.8 £ 29.2 18, 223 52.7 £ 222 7,116
US RSB thickness (um) 358 + 46 304.4 + 29.2 212, 369 3725 + 38.3 271, 540
Attempted measured flap thickness (um) 28 + 44 9.0 + 44 — 33.6 + 42.1 —
PTA (flap measured) (%) 346 + 6.8 43.9 + 3.7 40, 64 32.1 + 4.9 14, 39.9
PTA (flap attempted) (%) 40.0 + 85 458 £ 9.3 34,78.8 384 + 7.5 15, 67.7
Flap thickness portion (%) of total PTA 69.8 &£ 11.4 66.7 £ 10.2 34, 92 70.5 £ 11.8 24,95
Flap stromal portion (%) of total PTA 43.3 + 12.6 45.5 £ 101 19, 69 42.7 + 13.1* 1.5,74.6

CCT = central corneal thickness; K = keratometry; PTA = percentage tissue altered; RSB = residual stromal bed; SE =

US = ultrasound

*After discarding 2 eyes with erroneously measured flaps <50 um

Volume 43 Issue 7 July 2017

spherical equivalent;



8L +AWAOANDYMBRAAAAVYO/FOAEIOVIASALLIAIPOOAEIEAHIDII/AO AU

MV TXOMADUOIAXYOHISABZIYT0H+eyNIOITWNOIZTARY HAOSHAAUE AQ SI10[/woo mm| sfeuinol//:dny woly papeojumod

¥20¢/¥0/60 uo

948

PERCENTAGE TISSUE ALTERED EVALUATION FOR POST-LASIK ECTASIA

Intralase FS femtosecond laser (10 kHz, 15 kHz, 30 kHz, and
60 kHz). The excimer laser ablations were performed with
1 of 4 lasers (Summit Apex Plus [n = 218], Visx Star S2-4
[n = 242], Alcon Ladarwave 4000 [n = 104], Wavelight
Allegretto 200 [n = 29]) (Table 2).

One flap thickness was measured at 17 pm. It was consid-
ered to be in error because the next thinnest measured flap
was 46 pm and all others measured at 70 um or more. The
17 pm flap was created with an experimental mechanical
microkeratome that was never released for commercial
use (Phoenix Keratec). These 2 eyes were removed from
this analysis.

No eye in this study developed post-LASIK ectasia. One
hundred nineteen eyes had a PTA value of more than
40% and a flap thickness that represented 50% or more of
that PTA that did not develop ectasia. If only the flap stro-
mal portion (excluding epithelial thickness) of the PTA was
considered, 43 eyes had a PTA value of more than 40% and
a flap thickness that represented 50% or more of that PTA.
As previously reported, 3 eyes of 2 patients (not included in
this analysis) in the surgeon’s total LASIK experience devel-
oped ectasia. The 1 eye in 1 patient had an abnormal preop-
erative topography consistent with early keratoconus that
was not seen until after the procedure; the 2 eyes in another
patient had a topography consistent with early pellucid
marginal degeneration (PMD) that was recognized in 1999.

DISCUSSION

Since the first description of a keratoconus-like condition
after myopic keratomileusis by Barraquer,”® surgeons
have sought metrics to detect eyes at risk for this compli-
cation. To our knowledge, Seiler et al.’” were the first to
point out the risk for ectasia if there were a preoperative
diagnosis of keratoconus based on topography. Other
early studies and case reports considered that eyes that
had a LASIK procedure were at risk for developing ectasia
if that procedure achieved a depth of more than 50% of the
stromal thickness'”’ or that left a residual bed thickness
of 250 to 300 um; however, these numbers were based on
assumptions’’ and not based on a specific study of eyes
that had LASIK. As topography and tomography technol-
ogies evolved, different metrics were considered risk fac-
tors, such as a posterior float greater than 50 um.40
In 2008 and in several subsequent articles, Randleman
et al.”**>*" highlighted potential risk factors and

published the ERSS, which provided the metrics of
abnormal preoperative topography, patient age younger
than 30 years at the time of surgery, a preoperative CCT
of less than 510 pum, and a residual bed thickness of less
than 250 um. These analyses increased our awareness
and concerns about the risk for ectasia.

In time, several studies of the ERSS™*”*>**"*° seemed to
show that on an individual basis, preoperative corneal
thickness, thick LASIK flaps, and residual bed thickness
do not individually predict the risk for ectasia. The effect
of preoperative patient age remains controversial because
whereas 1 study did not find it important,’ a recent presen-
tation of an analysis from the Optical Express database by
Schallhorn” suggests it is. Several studies subsequently re-
ported ectasia developing in eyes that were considered
not to be at risk (with 0, 1, or 2 risk factors based on the
ERSS),””***" whereas there have been published cases
with high ERSS scores that did not develop ectasia.®

More recently, Santhiago et al.’’** developed a metric
that suggests there is an increased risk for ectasia that is
related to the combination of central flap thickness and
the attempted depth of the excimer laser ablation. They
termed this the PTA calculation. Based on their analysis,
if the PTA value exceeds 40%, the risk for post-LASIK ecta-
sia is high. They further suggest that the effect of the per-
centage of the flap thickness and ablation depth have on
the overall PTA value might not equally account for the ec-
tasia risk.”> A similar analysis by Ambrésio et al.** had
comparable results.

In our series of 593 eyes, 21% had a measured PTA value
above 40% and none developed iatrogenic ectasia after
more than 24 months of follow-up (mean 30 months),
which represents a specificity of 78.7% for PTA as a pre-
dictive tool in this series. Nineteen of our cases (3.2%)
had a PTA above 47% and did not develop ectasia. In
the first study introducing PTA,”" 19 (11%) of 174 eyes
in the control group had a PTA of 40% or higher without
developing ectasia and all cases with a PTA above 47%
developed this complication. Our current results in an in-
dependent group of patients did not confirm the speci-
ficity of PTA as an independent risk factor for ectasia.
One hundred twenty-six eyes would have been rejected
for LASIK if a PTA of 40% or more were considered to
be a contraindication; instead, they benefited from it
without a complication.

Table 2. Comparison of the current study’s parameters with the data from Santhiago et al.>%-*2

Santhiago et al.

Current Study

Parameter PTA >40% (Ectasia)*’ PTA >40% (No Ectasia)*?
Surgery dates 2002-2010 2008-2010

Flap creation (%) 83 MK/17 FS 100 FS

How flap measured Intraop US, OCT/Confocal* Intraop US

Ablation Laser source Laser source
Surgeons (n) 2 2
Follow-up (mo) 36 36

Flap >120 pm (No Ectasia)®? PTA >40% (No Ectasia)

2008-2010 1998-2008
100 FS 90 MK/10 FS
Intraop US Intraop US
Laser source Laser source
2 1
36 >24*

FS = femtosecond; MK = microkeratome; OCT = optical coherence tomography; PTA = percentage tissue altered; US = ultrasound

*The main differences between studies
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Evaluating the relative contribution of flap thickness
and ablation depth to the PTA, Santhiago et al.”* found
that in eyes with a high PTA (>40%), a flap thickness
that represented 50% or more of that PTA increased the
ectasia risk beyond what it would be based on the PTA
value alone. Similarly, for patients with thick flaps
(>120 pm), ablation depths of 70 um or more were
thought to increase the ectasia risk beyond what it would
be based on the PTA alone. In our series, 119 of 126
eyes with a PTA more than 40% had a flap thickness rep-
resenting more than 50% of the PTA value. Similarly, 120
eyes of the 126 eyes with a PTA more than 40% had a thick
flap (> 120 pum as defined by Santhiago et al.) and 79 had a
stromal ablation of more than 70 pum. Those cases would
have been labeled as high risk for developing iatrogenic ec-
tasia based on Santhiago et al.’s analysis’” (Table 3). None
developed ectasia.

In all studies that described the PTA,” ** patient selec-
tion relied on Placido-based analysis for corneal evaluation.
However, a study by Ambrésio et al.*® as well as other
studies”” showed the importance of tomographic evalua-
tion for the diagnosis of an early form of keratoconus.
We previously showed that the combination of Placido
and tomographic data led to the highest discriminative abil-
ity to detect forme fruste keratoconus.”'” Thus, adding
tomographic data in a future PTA study might improve
the predictive ability of this tool.

It seems intuitive that weakening the cornea would in-
crease the risk for ectasia after LASIK surgery in normal
eyes (ie, eyes with normal preoperative topography). We
think Santhiago et al.”" ** are on the right track with the
current PTA metric. The weakness lies in the assumption
that all laser ablations for the same refractive error are the
same. Different ablation algorithms remove different vol-
umes of tissue in terms of diameter and depth and laser
profiles for the same attempted correction. In a similar
vein, an achieved central flap thickness of 120 um for an
8.0 mm diameter flap creates different volumes of altered
tissue because of different achieved flap configurations
based on the method of flap creation. A mechanical micro-
keratome cuts more lamellae for a given attempted central
flap thickness than femtosecond laser patterns because the
cuts enter the stroma deeper in the periphery than the
intended central thickness, and this could also contribute
to increased biomechanical instability. Therefore, it seems
to us that a metric that includes the volume of tissue

removed/altered would be a more sensitive measure to
include in a future PTA metric. As an example, for a
similar ablation depth and PTA, the laser ablation volume
doubles when the excimer laser optical zone is increased
from 5.0 mm to 7.0 mm.

The mean follow-up in our study was 30 months. Even
though most reported post-LASIK ectasia®* occurred in
the first year after surgery, delayed iatrogenic ectasia can
also develop. Thus, a minimum of 2 years of follow-up
might represent a limitation in our analysis. In addition,
the patients selected included those who electively chose
to be followed at the same practice, and this could represent
a bias in the sample selection. The mean age of our patients
in the group with a PTA of more than 40% was 40.6 years,
which by itself might be a protective element. However,
23 patients with a PTA over 40% were younger than 30 years
and 12 were younger than 25 years, and none developed
ectasia.

The distribution of mechanical microkeratomes and
femtosecond lasers used in the Santhiago et al. study’’
were similar to ours, which seems to negate the effect of
microkeratomes on the PTA analysis. However, another
difference between these studies was the measurement of
the corneal thickness, which was performed preopera-
tively and postoperatively (but not intraoperatively) using
optical coherence tomography or confocal microscopy in a
significant number of eyes in the Santhiago study. In
contrast, the surgeon in our study measured all eyes with
US preoperatively and intraoperatively. Santhiago et al.’s
lack of a documented difference between attempted versus
achieved flap thicknesses might have resulted in incorrect
assumptions.

Today, LASIK surgeons are seeing fewer cases of ectasia
than before 2005 because of the increased use of femto-
second lasers and the significant attention given to the
ERSS from Randleman et al.”* and others. These factors
have stimulated stringent preoperative screening of poten-
tial LASIK candidates. By increasing our understanding of
corneal biomechanics; using improved topographic and
tomographic screening to eliminate eyes with keratoconus,
forme fruste keratoconus, and other potentially ectatic dis-
eases such as PMD; and perhaps modifying the current
PTA calculation to include LASIK flap and laser ablation
volumes (percentage volume altered), we should expect to
further reduce the incidence of post-LASIK ectasia in the
near future.

Table 3. Comparison of current study results with those of Santhiago et al.>**?

Santhiago et al.

Current Study

Parameter PTA >40% (Ectasia)*’

Eyes (n) 29 24
Mean PTA 45.4 42.6
Mean flap (%) of PTA 62 51.3
Mean ablation (1um) 92.2 115.8
RSB thickness (um) 292 318.9

PTA = percentage tissue altered; RSB = residual stromal bed

PTA >40% (No Ectasia)®?

Flap >120 um (No Ectasia)®? PTA >40% (No Ectasia)

100 126
36.1 43.9
75.8 66.7
47.9 79.8

343.9 304
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WHAT WAS KNOWN

e A metric that combines central LASIK flap thickness and an
attempted excimer laser ablation that exceeds 40% of the
total preoperative corneal thickness is a significant risk factor
for developing post-LASIK ectasia.

WHAT THIS PAPER ADDS

e A series of eyes that had LASIK with normal preoperative
topography that had PTA values of 40% or more did not
develop ectasia, suggesting that the current PTA metric
might not be applied universally.
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