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Enhanced Screening for Ectasia Risk prior to Laser Vision Correction

ABSTRACT
Aim: To prospectively review current understanding and future 
trends of screening for keratectasia risk prior refractive laser 
vision correction (LVC).

Background: Progressive keratectasia is an uncommon but 
severe complication of LVC. Preoperative ectatic corneal 
disease is the most important risk factor. Screening for sub-
clinical ectasia relies on proper interpretation of advanced 
diagnostic technologies, including front surface corneal 
topography, three-dimensional tomography, and biomechani-
cal assessments.

Summary: Studies involving eyes with normal and stable 
corneas, compared to eyes with frank ectatic diseases and to 
eyes with normal topography from patients with very asymmetric 
ectasia, allow for developing advanced methods and testing 
its sensitivity. However, the ideal study populations for testing 
the sensitivity and specificity of ectasia risk assessments are 
respectively the preoperative of cases that developed ectasia 
and the ones with stable outcomes after LVC. Young age and 
low thickness are surrogates of corneal biomechanics, which 
may be replaced as risk factors by direct measurements. 
Keratectasia may also occur due to the surgical impact on 
corneal structure or due to significant trauma postoperatively. 
Percentage tissue altered higher than 40% is a more sensitive 
parameter than a fixed value for minimal residual stromal bed of  
250 µm. However, the biomechanical impact from surgery is 
related to the region and number of lamellae that are severed, 
so that flap thickness and geometry should play a more relevant 
role, which is in agreement with finite element simulations. Arti­
ficial intelligence methods allow for combining parameters, which 
significantly enhance the accuracy for detecting ectasia risk.

Conclusion: An enhanced screening approach for preventing 
keratectasia should consider both preoperative patient-related 
data and procedure-related parameters to individually charac-
terize ectasia susceptibility or predisposition.

Clinical Significance: Keratectasia is an uncommon, however, 
severe complication of LVC. Although prevention is the best 

strategy, an individualized enhanced ectasia screening approach 
for ectasia risk assessment prior to LVC procedures should 
integrate patient-related (individual ectasia susceptibility) and 
procedure-related parameters (biomechanical impact).
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INTRODUCTION

“There are known knowns. These are things we know that 
we know. There are known unknowns. That is to say, there 
are things that we know we do not know. But there are also 
unknown unknowns. There are things we do not know we 
do not know.”� —Donald Rumsfeld

Progressive "iatrogenic" keratectasia after laser in situ 
keratomileusis (LASIK), defined as progressive corneal 
steepening with secondary loss of visual acuity, was first 
reported in 1998 by Seiler.1 While the actual incidence of 
ectasia is undetermined, the incidence rate falls between 
relatively high levels of 0.662 and 0.57%,3 down to 0.2%,4 
0.05%,5 0.04%,6 or 0.029% (Schallhorn, unpublished data 
2013). Nonetheless, ectasia was recognized as a very 
severe complication of laser vision correction (LVC) pro-
cedures.7,8 This was because of the very high potential for 
vision impairment or morbidity, causing frustration for 
refractive surgeons and dissatisfaction among patients. 
There is also a high risk for litigation, malpractice liability 
claims, and lawsuits related to progressive ectasia after 
LVC. Major attempts for understanding and preventing 
keratectasia have been taken.8,9

Ectasia occurs due to a biomechanical failure of the 
corneal stroma, leading to thinning and protrusion, 
which is associated with interlamellar and interfibrillar 
slippage with interfiber fracture, as seen in histopatho-
logic and ultrastructural studies.9 This occurs due to the 
inability of the corneal tissue to support the unremitting 
stresses caused by intraocular pressure, extraocular 
muscles actions, eyelid blinking, and other forces, such 
as eye rubbing.10,11 Since the first report,1 the hypothesis 
that post-LASIK ectasia occurred due to the structural 
impact from the procedure on a cornea with altered 
biomechanical properties was considered. Risk factors 
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for ectasia may be related to three factors (Table 1):  
(1) Preoperative structural abnormalities, such as kerato
conus (clinical or subclinical),7,12 or high susceptibility of 
the cornea due to weak innate biomechanical properties,8 
(2) severe biomechanical impact from surgery,12,13 and 
(3) severe trauma after surgery, such as vigorous eye 
rubbing in response to allergic conjunctivitis, to cause 
(possibly unilaterally) post-LASIK keratectasia without 
other known predisposing risk factors.11

Long-term stability after LVC will be determined by the 
combination of the preoperative biomechanical strength of 
the patient’s corneal stroma, the amount of biomechanical 
alteration caused by the surgery, and the postoperative 
stress load to the cornea. Understanding current diagnostic 
technology for characterizing the cornea preoperatively 
and the implications of keratorefractive procedures on the 
corneal structure are the main pillars for assessing ectasia 
risk prior to refractive surgery.

WHAT ARE WE SCREENING FOR? DEFINING 
ECTASIA SUSCEPTIBILITY

“If you know the enemy and know yourself, you need not 
fear the result of a hundred battles. If you know yourself but 
not the enemy, for every victory gained you will also suffer 
a defeat. If you know neither the enemy nor yourself, you 
will succumb in every battle.” ― Sun Tzu, The Art of War

Identifying cases at high risk or susceptibility for bio-
mechanical failure after LVC represents a major challenge 
for refractive surgeons. The screening is defined as the 
application of a diagnostic test to detect cases with mild 
to moderate disease or with high susceptibility or pre-
disposition for developing disease.8 It is typically applied 
to prevent suffering and morbidity, when treatment 
decisions can best alter the natural course for the patient.

Placido disk-based corneal topography is sensitive 
to detect abnormal front curvature patterns of ectatic 

disease in l patients with relatively normal distance cor-
rected visual acuity and unremarkable biomicroscopy.7,8,14 
Corneal topography and central corneal thickness (CCT) 
have a recognized, but limited role for screening refrac-
tive candidates.14 In an attempt to improve screening 
efficiency, the ectasia risk scoring system (ERSS) was 
developed by Randleman and coworkers. The ERSS found 
abnormal topography as the most important risk factor 
for ectasia development,12 considering also the impact 
from surgery and other patient ś preoperative data. Level 
of refractive correction, residual stromal bed (RSB), and 
patient’s age were clinical variables other than corneal 
topography and CCT that were integrated in this score 
system. The combined approach represented an improve-
ment, however, there were still 8% false negatives and 6% 
false positives found at the original ERSS study.12 Also, a 
much higher incidence of both false positive15 and false 
negatives16 have been reported. This was, at least in part, 
related to the criteria for classifying corneal topography. 
In fact, Ramos et al reported significant interobserver 
variability in subjective classifications of corneal topo
graphy maps.17 Changing from an absolute to a norma-
tive scale increased the scores on the classifications by  
the same examiner, with significant intraobserver vari-
ability.17 Objective quantitative indices, such as the classic 
Rabinowitz inferior-superior dioptric asymmetry value 
(I-S) and the keratoconus percentage index (KISA), and 
qualitative pattern of asymmetric bow tie with skewed 
radial axes was an attempt to add objective measurement 
to the previous subjective evaluation.7

It is fundamental to consider that normal topography 
does not exclude mild or early ectatic corneal disease.8,18-22  
For example, there are subclinical cases with normal 
topography, such as those from patients with keratoconus 
in the fellow eye (Figs 1 to 5). Whereas these cases have 
been considered to demonstrate enhanced accuracy of 
corneal tomography,18,20-25 they do not represent the ideal 
study population for assessing high susceptibility or pre-
disposition for ectasia progression. This is because some of 
these patients may have unilateral mechanically induced 
ectatic disease,20,21,23 due to unilateral stimuli, such as 
chronic eye rubbing.11 Interestingly, this is a consensus 
that true unilateral keratoconus does not exist,26 and that 
ectasia may occur due to mechanical causes.26 Whereas 
only longitudinal follow-up studies are able to elucidate 
such cases,7 these cases have been referred as forme fruste 
keratoconus (FFKC) in the unaffected eye with normal 
topography.18,20,25 However, FFKC may not be an accurate 
term, as it was originally described by Marc Amsler (1891-
1961) based on reflection Placido-disk photography, prior 
to the development of computerized corneal imaging 
technologies. The FFKC was used to describe an abortive 
form of the disease that may progress or not.7,20,27

Table 1: Risk factors for keratectasia

1 � Preoperative susceptibility of the cornea (weak 
biomechanical properties):

   –  Preoperative ectatic corneal disease
   –  Young age
   –  Low preoperative pachymetry
2 � Severe biomechanical impact from surgery:
   –  High percentage of altered tissue (PTA ≥ 40%)
   – � Low residual stromal bed (RSB) due to excessive laser 

ablation for high corrections or multiple retreatments (RSB 
≤ 250 µm or 1/2 of pre-op thickness)

   –  Thick LASIK flap
   – � Small treatment zone, causing abnormal focal stress 

distribution
3 � Severe trauma after surgery:
   –  Aggressive eye rubbing
   –  Other sources of blunt corneal trauma
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Fig. 1: Placido-disk based (Oculus Keratograph 5 TM; A, B and C) and Scheimpflug (Oculus Pentacam HR; D) curvature maps with 
Smolek-Klyce absolute 1.5D scale, from a female patient with 50 years old. She presents with very asymmetric keratoconus. OD has 
mild keratoconus while OS has a normal curvature map (forme fruste). Note the similarity of the generated maps from these different 
technologies. Uncorrected distance visual acuity was 20/200 in both eyes; MRx was –0.75 = –2.25 × 81º, giving 20/25 in OD and –2.00 
= 0.50 × 115º, giving 20/15 in OS

The need for enhancing the sensitivity for detecting 
mild or subclinical ectatic disease is also supported by  
the reported cases of ectasia after LASIK without identi-
fiable risk factors (clinical example 2 - Figs 6 and 7).28,29 
These cases, when a thick flap or excessive tissue ablation 
are excluded, represent the closest to the ideal popula-

tion for the studies involving screening for ectasia risk. 
In fact, the analysis of the preoperative data from these 
cases has provided the most important advances in the 
field. 8 12 29,30 Many of the reported cases, however, had 
limited preoperative data to front surface curvature and 
CCT, which restricts their study potential.8
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Another major concept is that any cornea can undergo 
ectasia progression, if there is enough disturbances from 
surgery and/or by other environmental factors, such 
as ocular trauma and eye rubbing.8,11 This is in agree-
ment with the current consensus,26 and with the two-hit 

hypothesis.31 The goal, therefore, is not solely to detect or 
screen for mild or subclinical keratoconus, but to assess 
individual's susceptibility for ectasia progression,22 and 
also depends on the biomechanical impact from the LVC 
procedure. 8,18

Fig. 2: Belin/Ambrósio enhanced ectasia display (BAD) from the left eye  
(same case as Figs 1 to 5)

Fig. 3: Segmental Tomography with OCT-FD (RtVue; Optovue, Freemont, CA) from the right: (A) left eye; and (B)  
of the same case as Figures 1 to 5

Fig. 4: Ocular response analyzer of the right (A) and left (B) eyes (same case as Figures 1 to 5)



International Journal of Keratoconus and Ectatic Corneal Diseases, January-June 2017;6(1):23-33 27

IJKECD

Enhanced Screening for Ectasia Risk prior to Laser Vision Correction

Advanced Corneal Analysis beyond Curvature

“Corneal tomography” provides a three-dimensional 
reconstruction of the corneal shape, enabling the calcu-
lations of elevation maps of the front and back surfaces 
of the cornea, along with pachymetric mapping.18,20 In 
addition, the ability for epithelial thickness mapping by 
“segmental or “layered” tomography using optical coher-
ence tomography (OCT)32 and very high frequency ultra-
sound,33 may provide additional information for ectasia 
risk detection. For example, Reinstein and coworkers 
demonstrated improved specificity by verifying stability 
after LASIK in corneas with preoperative topographic 
abnormalities, but confirmed as non-ectasia susceptible by 
epithelial thickness profile in a retrospective case-control 

comparative study.33 Also, Sinha Roy’s group developed 
the Bowman's roughness index (BRI),34 which character-
izes the irregularity of the Bowman's layer. The BRI, in 
conjunction with epithelial thickness data and BAD-D, 
did improve the sensitivity for detecting mild forms of 
ectasia in studies involving the fellow eye with normal 
topography from very asymmetric ectasia (VAE) cases.

Corneal morphologic changes due to ectasia (includ-
ing curvature, elevation, and thickness) are secondary 
signs of a primary structural9 or biomechanical10 abnor-
mality. Roberts and Dupps have proposed that there is 
a focal biomechanical failure in ectasia, rather than a 
generalized weakening.35 The ocular response analyzer 
(ORA; Reichert, Buffalo, NY; Fig. 4),10,22,28 the Corvis ST 

Fig. 5: Corvis ST of the left eye (same case as Figs 1 to 5); CBI was 0.61

Fig. 6: Curvature maps from the Postoperative and from the Pre-LASIK from a female patient 
with 32 years old, MRx: -5.75 -0.50 x 95º (20/20)
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(Oculus, Wetzlar, Germany; Fig. 5),20,22 and Brillouin 
optical microscopy (Harvard Medical School, Boston, 
MA)36 are promising technologies for the clinical assess-
ment of the biomechanical properties of corneal tissue. 
Interestingly, the CBI (corneal biomechanical index) is a 
novel biomechanical index that was developed by Vin-
ciguerra et al to integrate corneal deformation response 
metrics from the Corvis ST, having high accuracy to 
detect clinical ectasia.37 Ultimately, the integration of 
biomechanical data and corneal shape data has been 
proposed for further improving accuracy to detect mild 
ectasia or even its susceptibility.28,38

BASICS AND PITFALLS FOR THE  
INTERPRETATION OF CLINICAL DATA

The presentation of corneal elevation data in maps 
dependent on the reference surface choosen.39 In fact, 
the method of depicting the elevation is the subtrac-
tion of the measured surface (either front or back) and a 
reference shape, which is calculated to have the highest 
coincident points to a determined area of the cornea 
that was analyzed. The best-fit sphere (BFS) to the 8 mm 
zone has been recommended, as it provides adequate 
data points without the need to use extrapolated data for 
the majority of cases.19,20 The map pattern, the elevation 
values at the thinnest point (TP) and at maximum eleva-
tion within central 4-5 mm zone are the most important 
characteristics for clinical interpretation.19,20 Different 
reference shapes, such as the best-fit toric and aspheric 
ellipsoid may be used.25 Using the Pentacam, the cut-off 
criteria for the posterior elevation value at the TP using 

the BFS was 12 µm and using the BFTE was 8 µm, with 
respectively sensitivity of 96.28 and 95.04% and specificity 
of 98.79 and 99.09% for detecting keratoconus.20 Using the 
Galilei analyzer (Ziemer Ophthalmic Systems AG, Port, 
Switzerland), the cut-off values for maximum posterior 
elevation within the central 5 mm diameter obtained by 
BFTA were 16 and 13 μm for keratoconus and mild FFKC 
respectively, with sensitivities of 99 and 82%.25

While this is fundamental that the clinician estab-
lishes a standard reference shape and zone for the 
reference body when interpreting elevation maps,39 the 
concept of an enhanced elevation has been introduced 
by Belin and implemented on the Pentacam.19,20 After 
calculating the standard BFS for the 8 mm corneal zone, 
a second “enhanced” BFS for the same zone excluding 
the 3.5 mm-diameter zone centered at the thinnest point 
is calculated. The difference map from the standard and 
enhanced BFS will exaggerate any differences (protru-
sions) within the excluded zone. More than 5 μm of diff
erence for the front elevation and 12 μm difference for the 
back elevation are considered suspicious.19,20,22 Changes 
in posterior corneal elevation have been studied to docu-
ment long-term stability after LASIK, so that using the 
same BFS for the preoperative corneal information, less 
than 7 µm on the maximal difference in the central 4.0 
mm zone was found on stable LASIK cases.40

Corneal thickness maps enable the characterization 
of the TP value and its location, along with thickness 
distribution.19,20,22 The TP is a more accurate parameter 
than central thickness for screening ectatic corneal dis-
eases,19,20,22,27 as well as for calculating the percentage of 

Fig. 7: Belin/Ambrósio enhanced ectasia display from the left eye (same case as Fig. 6)
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tissue altered (PTA) and RSB.8,22 In the Pentacam, thick-
ness distribution is described as the average of thickness 
values in concentric annular circles with increasing 
diameters centered on the TP. These values are presented 
in the corneal thickness spatial profile (CTSP) and the 
percentage of thickness increase (PTI) graphs, which 
also contain reference data (mean and 95% confidence 
intervals) from a normal population.19,20,22 In addition, 
a pachymetric progression index (PPI) is calculated for 
every one degree of meridians of the cornea, starting from 
the TP outward. This calculation considers the increase in 
thickness comparing to the TP at each point of the cornea, 
referencing to a normal population. The Ambrósio's rela-
tional thickness (ART) values are calculated as the ratios 
of the TP and the average of the PPI at all meridians (ART-
Ave) and the meridian with maximal PPI (ART-Max).20,22 
The cut-off criteria for ART-Ave for clinical and mild 
FFKC were respectively 474 and 521 μm, with sensitivity 
and specificity of 99.59 and 98.19% for keratoconus and 
91.49 and 93.05% for FFKC. For ART-Max, 386 and 416 μm 
were the cut-offs which had respectively, sensitivity and 
specificity of 99.17 and 97.28% for keratoconus and 85.11 
and 93.05% for subclinical disease.20

The Pentacam Belin/Ambrósio enhanced ectasia 
display (BAD) is a comprehensive display that combines 
the standard and enhanced BFS elevation maps of the 
front and back surfaces, and the thickness distribution 
data. Different tomographic parameters are presented as 
the standard deviation from normality toward disease 
(d values): Anterior and posterior elevation at the TP 
(8 mm BFS), change in anterior and posterior elevation 
of the standard and enhanced BFS, thinnest value and 
location, PPI, ART, and maximal curvature (KMax). The 
BAD-D final parameter is calculated based on a regres-
sion analysis to maximize accuracy for detecting ectatic 
disease.19,20,22,41 The BAD-D higher than 2.11 was a crite-
ria with sensitivity and specificity of 99.59 and 100% for 
diagnosing keratoconus, whereas for detecting mild or 
subclinical disease, the criteria of higher than 1.22 pro-
vided 93.62% sensitivity and 94.56% specificity.20 Interest-
ingly, in a retrospective nonrandomized study involving 
preoperative LASIK data from an international pool 
comprising of 23 post-LASIK ectasia cases and from 266 
stable-LASIK with over one year of follow-up, the criteria 
of BAD-D higher than 1.29 provided 87% of sensitivity 
and 92.1% of specificity.30 Even though, the BAD-D was 
the most accurate parameter in predicting ectasia risk, 
the data suggests room for further improvement.

The Impact from Corneal Procedures

While ectasia is much more common after LASIK, it has 
also been reported after surface ablation procedures.8,9 

The excimer ablation itself has a biomechanical impact 
on the cornea, however, the LASIK flap has a more pro-
nounced effect.10 Interestingly, there are reported cases 
of unilateral keratectasia after LASIK, whereas the fellow 
eye remained stable after photorefractive keratectomy 
(PRK).42

The relative contributions on corneal biomechani-
cal properties of the lamellar delamination and side 
cuts at different depths were studied in vitro in organ-
cultured human corneas using radial shearing speckle 
pattern interferometry.43 The loss of structural integrity, 
measured by a reducing corneal strain was much more 
pronounced due to the vertical cut through corneal lamel-
lae and was proportionally dependent on the cut depth. 
The horizontal lamellar dissection had a mild nondepth 
dependent impact.43

Finite Element Simulation

The biomechanical effect of different LVC procedures 
can be simulated using finite element analysis.10 This 
approach may assist in the understanding of the surgi-
cal effect on the corneal structure. For that purpose, the 
impact from two extreme LASIK parameters but with 
the same PTAwere simulated on the same model eye 
with central curvature of 43.34D, and central thickness 
of 546 µm using Optimeyes software (Integrated Scien-
tific Services, Biel, Switzerland). Both LASIK procedures 
were designed with PTA of 39.4%, femtosecond planar 
flap with 8 mm in diameter, and planned optical zone of 
6.15 mm. A thin flap of 90 µm and ablation of 125 µm to 
treat -8D (A125), and a thick flap with 150 µm with 65 µm 
(A65) ablation to treat-4D were compared to evaluate the 
percentage of induced stresses in the central stromal bed. 
The thick flap LASIK procedure leads to higher induced 
stresses than the thin flap LASIK case on this simulation. 
An overall stress increase of 6% was found in the A65 
case, whereas 3% of stress increase was observed in the 
A125 for a central 5 mm disk in the posterior half of the 
cornea (Fig. 8). Furthermore, ablation thickness profile 
had a direct impact on induced stresses in the stromal 
bed just below the ablation (A125: +31%, A65: +22%), 
whereas flap thickness rather influenced stress increase 
in stromal tissue below the flap periphery (A125: +2%, 
A65: +20%). Interestingly, different zonal stress increase 
was observed due to the differences on overall volume 
of tissue removal.44

Thereby, the complexity of the impact from LVC pro-
cedures on corneal structure requires individualized cal-
culations considering different parameters from surgery 
and also from the patient preoperatively. Contemplation 
of the impact from the flap cut parameters may signifi-
cantly improve clinical application of simplified models, 
such as the percentage of tissue altered (PTA),13 and the 
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mathematical model to estimate the relative change in 
stromal tensile strength following PRK, LASIK, and small 
incision lenticule extraction.45

Enhanced Screening for Ectasia Susceptibility

“Everything should be as simple as possible, but not simpler.”  
� ― Albert Einstein

An enhanced screening approach for the prevention 
of keratectasia should consider preoperative corneal data 
to estimate ectasia susceptibility and procedure related 
parameters. While this may be a challenging and complex 
task for the clinician to combine the data from different 
sources, artificial intelligence techniques, such as neural 
network (NN), decision tree (DT), support vector machine 
(SVM), and regression analysis have been used to facili-
tate clinical decisions.8,18,24,27,30

In a retrospective case control study, 177 normal eyes 
were compared to 148 eyes with clinical keratoconus and 
to 47 eyes with normal topography from 47 patients with 
clinical keratoconus in the fellow eye using the Galilei. A 
total of 55 parameters were analyzed so that a machine 
learning algorithm was created using a DT approach. 
Two machine learning algorithms were created using 
automated decision tree classifier. The one for the dis-
crimination between normals and keratoconus had 100% 
sensitivity and 99.5% specificity. The one developed for 
discriminating between normals and mild (subclinical) 
keratoconus had 93.6% sensitivity and 97.2% specificity.24 
However, this is fundamental to validate such approaches 
in a new set of cases. In another study, a combination of 
corneal topography (I-S value) and minimum pachy
metry from OCT was statistically the most significant in 
separating the ectatic from normal eyes.27

Fig. 8: Showing the distribution of equivalent stresses in the numerical surgery simulation models (thick-flap A65 
on the left and for thin-flap A125 on the right). Stress values are given in megapascal (Mpa) and are color-coded 
(blue = 0.00Mpa, red = 0.076MPa). The two images show that the cut flaps do not carry any load and that the 
thicker flap (left) induced a higher average stresses than the thinner flap (right), with respect to the preoperative 
stress distribution. Simulations done by H. Studer, PhD (Optimo Medical AG; Bienne, Switzerland)

Recently, studies were accomplished to integrate 
shape and biomechanical analysis and develop the tomo-
graphic biomechanical index (TBI). The TBI combines 
data from the Corvis ST and the Pentacam HR (Oculus; 
Wetzlar, Germany), through a random forest method 
with leave-one-out cross-validation. This novel index has 
shown very high accuracy for detecting ectasia, including 
a very high sensitivity for subclinical ectasia among eyes 
with normal topography in very asymmetric patients, 
performing better than any other parameter tested.46 For 
example, there are cases with normal topography and 
also normal tomography, including a BAD-D value lower 
than 1 but present with abnormal TBI. Figures 9 and 10 
illustrate the clinical presentation of a patient with VAE 
in which the eye with normal topography has a very low 
BAD-D score and a TBI of 1. Such analysis may provide 
a better understanding of ectasia susceptibility and 
also confirm if the fellow eye with normal front surface 
curvature is a mild or “fruste” keratoconus or if this is a 
factual unilateral ectasia patient.

The ectasia susceptibility score (ESS-I) was created 
based on the preoperative clinical and corneal tomogra-
phy data from 23 cases that developed ectasia after LASIK 
and from 266 stable LASIK with over 1 year of follow-up.30 
The regression formula combining BAD-D, age, and RSB 
was calculated. The cut-off of 0.068 (6.8% of relative risk) 
provided 100% sensitivity and 94% specificity, with better 
area under the receiver operating characteristic curve 
(AUC=0.989; 95% CI: 0.969 to 0.998) than all parameters, 
including the BAD-D (AUC=0.931; CI: 0.895 to 0.957; De 
Long, p > 0.001).30 Thereby, the ESS-I enables the calcula-
tion of the relative risk of developing ectasia accordingly 
to the BAD-D, age, and RSB. The logaritmic function leads 



International Journal of Keratoconus and Ectatic Corneal Diseases, January-June 2017;6(1):23-33 31

IJKECD

Enhanced Screening for Ectasia Risk prior to Laser Vision Correction

to a binary outcome from zero to one, which represents 
the relative risk for ectasia. For example, a patient with  
21 years old, BAD-D of 0.9 would be at high risk of ectasia 
(24%) with 350 µm of RSB. However, a patient with  

21 years old, BAD-D of 0.2 and RSB of 350 µm would 
be at low risk (3%). Also, a patient with 42 years old, 
BAD-D of 0.9 would have low ectasia risk (1%) with RSB 
of 350.30 Validation studies and further improvement for 

Fig. 9: Tomography and biomechanical assessment of the eye with mild ectatic presentation, from a VAE 
patient. The DCVA was 20/25+. Note the abnormal front surface curvature, with ID value of 1.2, BAD-D of 
3.34, and TBI of 1.0

Fig. 10: Tomography and biomechanical assessment from the fellow eye of the same patient from  
Fig 9. The UDVA was 20/20. Note the BAD-D and I-S value lower than 1, but TBI of 1.0
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the conception of the enhanced ESS are currently being 
performed, including a larger set of 60 cases of ectasia 
with preoperative corneal tomography data (ESCRS 
2014 Poster, Ramos et al). This is a work in progress by 
the Brazilian Study Group of Artificial Intelligence and 
Corneal Analysis (BrAIn), in which the refractive clini-
cal data will be integrated to access the individualized 
risk of ectasia progression, accordingly to the procedure 
(Data integration: Key to Improve decision process in 
refractive surgery screening. Film produced by JM Lyra 
and R Ambrósio, 2016. https://www.youtube.com/
watch?v=z1tUJkrUMDY).

CONCLUSION AND FUTURE REMARKS

Considering that there is high variability on subjective 
classifications of color coded maps,17 objective, and vali-
dated criteria is essential for diagnostic interpretation, 
and for the clinician to take full advantage of the diag-
nostic technologies.8,18,20,27 The analysis, using advanced 
corneal characterization of the preoperative state of cases 
that developed ectasia and of the ones that are stable 
after LVC represents the closest to ideal populations for 
the development and testing sensitivity and specificity 
of ectasia risk assessment approaches. Young age and 
low preoperative thickness are surrogates of corneal 
biomechanical properties, presenting as important risk 
factors for keratectasia. However, the advent of corneal 
biomechanical parameters may exclude these factors 
in artificial intelligence techniques, such as regression 
analysis, support vector machine, and random forest. 
Nevertheless, application of cross-validation techniques 
and external validations in separate populations are 
fundamental steps for the development of such methods, 
to ensure the clinical applicability and reliability for the 
test. Considering that keratectasia occurs due to a com-
bination of preoperative predisposition or susceptibility 
of the patient's cornea and the impact from surgery on 
corneal structure, the approaches for assessing ectasia 
risk should consider a combination of patient-related data 
and procedure-related parameters. We anticipate fast 
developments and the integration of simulation analysis 
and artificial intelligence strategies, which will play a 
significant role in this field.
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