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Abstract
Purpose—To validate the Ectasia Risk Score System for identifying patients at high risk for
developing ectasia after laser in situ keratomileusis (LASIK)..

Design—Retrospective case-control study

Methods—Fifty eyes that developed ectasia and 50 control eyes with normal postoperative
courses after LASIK were analyzed and compared using the previously described Ectasia Risk
Score System, which assigns points in a weighted fashion to the following variables: topographic
patter, predicted residual stromal bed thickness (RSB), age, preoperative corneal thickness (CT),
and manifest refraction spherical equivalent (MRSE).

Results—In this series 92% of eyes with ectasia were correctly classified as being at high risk
for the development of ectasia, while 6% of controls were incorrectly classified as being at high
risk for ectasia. (p< 1 × 10−10). Significantly more eyes were classified as high risk by the ectasia
risk score than by traditional screening parameters relying on abnormal topography or residual
stromal bed thickness less than 250 μ (92% vs. 50%, p <0.00001). There was no difference in the
sensitivity or specificity of the Ectasia Risk Score System in the population from which it was
derived and this independent population of ectasia cases and controls.
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Conclusion—The Ectasia Risk Score System is a valid and effective method for detecting eyes
at risk for ectasia after LASIK and represents a significant improvement over previously utilized
screening strategies.

Factors that have been reported to place an individual at increased risk for developing
corneal ectasia after LASIK include preoperative topographic abnormality, low residual
stromal bed thickness, young age, thin corneas, and high myopia.1 The most significant and
best described risk factors are topographic abnormality and reduced residual stromal bed
thickness,2-4 although some patients have developed ectasia without either of these
factors.5-11

We recently analyzed a large retrospective series of ectasia cases and developed a weighted
scoring system, the Ectasia Risk Score System, to better identify patients at high risk.1 In
this initial population, 92% of ectasia cases were correctly classified as being at high risk for
the development of ectasia, while 6% of control eyes were incorrectly identified as being at
high risk.

In the current study, we test the validity of the Ectasia Risk Score System by applying it to a
novel LASIK population, including eyes that developed ectasia after LASIK and controls
that did not.

METHODS
We retrospectively evaluated 50 consecutive eyes that developed corneal ectasia after
LASIK and presented to either the Emory Eye Center (Atlanta, Georgia) or the Center for
Excellence in Eye Care (Miami, Florida) for evaluation. These eyes were consecutive
ectasia cases not included in the previous analysis.1 For comparison, we analyzed 50
consecutive control eyes undergoing uncomplicated LASIK from June through October
2004 at Emory that had normal postoperative courses (stable refractions and topographic
patterns), all preoperative data listed above, and at least one year of postoperative follow-up.
None of the ectasia cases or controls were included from the previous study.1 We chose to
utilize control cases from 2004 to avoid any potential case selection bias during the time that
the ectasia risk score system was being developed.

Patient age, gender, preoperative manifest refraction spherical equivalent (MRSE), corneal
thickness (CT), topographic pattern, and predicted residual stromal bed thickness (RSB)
were evaluated as predictors of ectasia. Because of the heterogeneity of ectasia cases
(referred from numerous different practices), fewer surgical details were available, including
lasers or microkeratomes utilized for treatments. None of the ectasia cases had intraoperative
pachymetry performed. For control cases, all cases had corneal flaps created with the
Amadeus I microkeratome with a 140 micron plate.

Preoperative topographies, using axial map placido-based images, were classified as
follows1: Normal/Symmetrical (includes round, oval, and symmetric bowtie patterns);
Suspicious (includes Asymmetric Bowtie, which is asymmetric steepening in any direction
greater than 0.5 D but less than 1.0 diopters as compared to the region 180 degrees opposite
the steepest region with no skewed radial axis, and Inferior Steepening/Skewed Radial Axis,
which includes significant skewed radial axis (20 degrees or greater) with or without inferior
steepening or 1.0 diopters or more of inferior steepening as compared to the region 180
degrees opposite the steepest region but an Inferior-Superior (I-S) value less than 1.4;
Abnormal, which includes keratoconus, pellucid marginal corneal degeneration, and forme
fruste keratoconus [I-S ≥ 1.412, 13]).
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All cases were assigned a cumulative ectasia risk score based on the Ectasia Risk Score
System previously described1 [Table 1]. Risk categories based on cumulative points were as
follows: 0-2 points = low risk; 3 points = moderate risk; 4 points = high risk.

For comparison, we also evaluated ectasia cases using some traditional “cut-off” values,
including abnormal topographies as described above or predicted RSB less than 250
microns. We compared the screening results using these “traditional methods” with the
Ectasia Risk Score System

Statistical analyses performed included Student’s t-test and chi square analysis. P values <
0.05 were considered significant.

RESULTS
Ectasia patient demographics in this study were similar to those reported from the previous
subgroup analysis used to create the Ectasia Risk Score System [Table 2]. Ectasia and
control patient demographics for this study are listed in Table 3; nearly half of the ectasia
case topographic patterns were abnormal, while none of the control cases had abnormal
topographic patterns (46% vs. 0%) [Table 4]. In this series, 92% of eyes that developed
ectasia were correctly classified as being at high risk based on the Ectasia Risk Score
System compared to 6% of controls. Significantly more eyes were classified as being at high
risk by the Ectasia Risk Score System than by traditional screening parameters relying on
abnormal topography as defined above or residual stromal bed thickness less than 250 μ
(92% vs. 50%, p<0.00001) [Figure 1].

The sensitivity and specificity of the Ectasia Risk Score in this study were essentially the
same as they were in the previous study [Figures 2 and 3]. Detailed distribution of scores by
category is shown in Figure 4.

DISCUSSION
The results of this study validate the Ectasia Risk Score System as an effective method of
identifying patients at increased risk for developing corneal ectasia after LASIK, and this
system appears to be more sensitive and specific than traditional screening strategies
suggested in the literature. This scoring system utilizes the following factors in a weighted
fashion in order of importance: 1) preoperative topographic pattern; 2) residual stromal bed
thickness; 3) age; 4) preoperative corneal thickness; and 5) myopia. The most significant
characteristic of this system is the recognition that a variety of factors contribute to a
continuum of risk for ectasia, in contrast to commonly used individual criteria with defined
critical values, such as corneal thickness less than 500 microns, RSB less than 250 microns,
or forme fruste keratoconus.

Topographic patterns
In both this and our previous study, abnormal topography was the most significant factor
with the highest relative risk that discriminated between ectasia cases and controls. Nearly
50% of ectasia cases had defined topographic abnormalities. In addition to the current
categories (Asymmetric Bowtie, Inferior Steep/Skewed Radial Axis, and Abnormal) it may
be appropriate to give weighted consideration to patients that exhibit significant between-
eye topographic asymmetry, even if neither eye’s topographic pattern is in itself decidedly
abnormal.

We relied exclusively on the placido-based images generated by a variety of topography
systems for this scoring system. Newer topographic systems utilize other corneal imaging
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techniques that may prove useful for patient evaluation. These include the Orbscan II
(Bausch & Lomb, Rochester, NY), which utilizes images obtained with slit-beam lighting in
addition to placido-based imaging, and the Pentacam (Oculus, Inc., Lynnwood, WA), which
utilizes Scheimpflug photography generated images. A number of indices to identify
keratoconus have been proposed for these instruments, including a “vertical D pattern”
found in the keratometric map,14 corneal thickness spatial profile and volume distribution,15

posterior best-fit sphere radius and elevation,16 absolute posterior float values,17 and a
combination of Orbscan II factors in a specific screening strategy.18 While promising, these
methods have yet to be validated with a population of ectasia cases and controls, and more
importantly, have yet to be proven more useful than placido-based imaging in identifying
the earliest corneal abnormalities that are paramount for effective refractive surgical
screening. This remains a valuable area for future evaluation.

Residual Stromal Bed Thickness
Recent biomechanical studies have reinforced the importance of residual stromal bed
thickness after LASIK. Both stress-strain analysis19 and cohesive tensile strength analysis20

indicate that corneal strength is significantly greater in the anterior 40% of the corneal
stroma than in the posterior 60%. Further, the corneal flap contributes minimally to the
tensile strength of the cornea after LASIK.3, 21 Thus, LASIK reduces corneal structural
integrity both by reducing overall available load bearing tissue and by shifting the load
bearing responsibility to the structurally weaker posterior corneal stroma.

It is clear, however, that RSB of 250 microns does not absolutely discriminate between eyes
that will develop ectasia and those that will not. Rather, RSB seems to be a continuous
variable, with the risk of ectasia increasing with decreasing RSB.

Age
Young patient age has been identified as a significant risk factor for ectasia in eyes without
other generally accepted risk factors.1, 7 This may be partially explained by the fact that
corneal tensile strength increases with age,20 thereby imparting some protective function for
older corneas. Additionally, some young patients with currently normal topographies may be
destined to develop topographic abnormalities and even frank keratoconus or Pellucid
Marginal Corneal Degeneration over time whether or not they undergo LASIK. There was a
significantly increased odds ratio for age less than 30 in our previous study1; however, the
specific age categories below 30 in this score system have been somewhat arbitrarily
defined, and further analysis may help refine these divisions.

Corneal Thickness
Corneal thickness, degree of myopia, and RSB are inter-related. Low corneal thickness has
been found to be a risk factor for ectasia in every published case-control analysis,1, 2

including this study. Since keratoconic corneas are thinner than normal corneas,22, 23 thin
corneas may be an indicator of early keratoconus, and thinner corneas are at higher risk for
low residual stromal bed thickness due to variability in microkeratome function. However,
preoperative corneal thickness alone appears to be only a weak indictor for increased risk of
ectasia1, and LASIK has been successfully performed in corneas less than 500 microns
without incident.24-26 Therefore, there does not appear to be a clear cut-off value below
which LASIK cannot be safely performed if all other factors are normal.

Borderline Surgical Candidates
In both studies, there were a small number of eyes that were categorized as “Moderate
Risk”, with a score of 3, including 2-4% of ectasia cases and 8-10% of controls from both
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studies. In these “borderline” cases, it may be particularly appropriate to consider factors
that could increase the risk of ectasia but have not been as extensively studied as those
mentioned above. These include chronic trauma (eye rubbing), family history of
keratoconus, refractive instability, and preoperative best spectacle-corrected visual acuity
less than 20/20.

Utilizing the Ectasia Risk Score System
The Ectasia Risk Score System has proven to be effective in evaluating eyes for the risk for
developing ectasia after LASIK. The cumulative, weighted nature of the system may both
help identify patients at risk for ectasia that do not meet specific previously utilized critical
or “cut-off” criteria and also may help explain why patients with one or two risk factors,
such as high myopia, thinner corneas, or lower residual stromal bed thickness, have not
developed ectasia.24, 26, 27 However, although this screening method may be a significant
improvement over currently utilized techniques, not all patients who developed ectasia were
recognized by this system; some of these cases may be due to unexpectedly thick
unmeasured flaps, limitations in placido-based imaging, and other as yet undefined corneal
biomechanical factors. Further, this system has not been directly applied to eyes undergoing
surface ablation due to currently insufficient numbers of reported cases of ectasia after
surface ablation. Therefore, other unrecognized risk factors likely exist, ectasia may still
occur after uncomplicated surgery in appropriately screened candidates, and the safety of
surface ablation in eyes at risk for ectasia after LASIK based on the Ectasia Risk Score
remains undetermined.

The results of this study validate the efficacy of the Ectasia Risk Score System by
demonstrating similar specificity and sensitivity on a population of eyes that was
independent from those used to derive the system. This system is a significant improvement
over existing systems for identifying patients at risk for ectasia because it utilizes multiple
risk factors and evaluates them on a quantitative basis.

Acknowledgments
A. Funding / Support: Supported in part by Research to Prevent Blindness, Inc. New York, New York, and the
National Institutes of Health Core Grant P30 EYO6360, Bethesda, Maryland.

Statistical consultation and assistance: Michael J. Lynn, MS, Emory University Rollins School of Public Health at
Emory University, Atlanta, Georgia.

Biography
Randleman Biographical sketch

J. Bradley Randleman, MD is Assistant Professor, Department of Ophthalmology at Emory
University. He received his B.A. from Columbia University and M.D. from Texas Tech
University. He then completed residency training and Cornea, External Disease, and
Refractive Surgery Fellowship at Emory University. He is a recent recipient of the American
Academy of Ophthalmology Secretariat Award. His primary research interests are refractive
surgical evaluation and the identification, management, and prevention of complications
after refractive surgery.

Randleman et al. Page 5

Am J Ophthalmol. Author manuscript; available in PMC 2013 August 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Stulting Bio Sketch

Robert Doyle Stulting, M.D., Ph.D. is Professor of Ophthalmology, Director of Cornea and
Refractive Surgery Service at Emory University. He received his B.A., M.D., and PhD in
microbiology and immunology from Duke University. He completed his ophthalmology
residency at the University of Miami, Bascom Palmer Eye Institute followed by a fellowship
in cornea and external disease at Emory University. He is Secretary for the American
Society for Cataract and Refractive Surgery and Editor-In-Chief of Cornea.

References
1. Randleman JB, Woodward M, Lynn MJ, Stulting RD. Risk Assessment for Ectasia after Corneal

Refractive Surgery. Ophthalmology. 2008; 115:37–50. [PubMed: 17624434]

2. Randleman JB, Russell B, Ward MA, Thompson KP, Stulting RD. Risk factors and prognosis for
corneal ectasia after LASIK. Ophthalmology. 2003; 110:267–75. [PubMed: 12578766]

3. Seiler T, Koufala K, Richter G. Iatrogenic keratectasia after laser in situ keratomileusis. J Refract
Surg. 1998; 14:312–7. [PubMed: 9641422]

4. Seiler T, Quurke AW. Iatrogenic keratectasia after LASIK in a case of forme fruste keratoconus. J
Cataract Refract Surg. 1998; 24:1007–9. [PubMed: 9682124]

5. Amoils SP, Deist MB, Gous P, Amoils PM. Iatrogenic keratectasia after laser in situ keratomileusis
for less than -4.0 to -7.0 diopters of myopia. J Cataract Refract Surg. 2000; 26:967–77. [PubMed:
10946186]

6. Argento C, Cosentino MJ, Tytiun A, Rapetti G, Zarate J. Corneal ectasia after laser in situ
keratomileusis. J Cataract Refract Surg. 2001; 27:1440–8. [PubMed: 11566530]

7. Klein SR, Epstein RJ, Randleman JB, Stulting RD. Corneal ectasia after laser in situ keratomileusis
in patients without apparent preoperative risk factors. Cornea. 2006; 25:388–403. [PubMed:
16670474]

8. Lifshitz T, Levy J, Klemperer I, Levinger S. Late bilateral keratectasia after LASIK in a low myopic
patient. J Refract Surg. 2005; 21:494–6. [PubMed: 16209448]

9. Piccoli PM, Gomes AA, Piccoli FV. Corneal ectasia detected 32 months after LASIK for correction
of myopia and asymmetric astigmatism. J Cataract Refract Surg. 2003; 29:1222–5. [PubMed:
12842694]

Randleman et al. Page 6

Am J Ophthalmol. Author manuscript; available in PMC 2013 August 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



10. Randleman JB, Banning CS, Stulting RD. Corneal ectasia after hyperopic LASIK. J Refract Surg.
2007; 23:98–102. [PubMed: 17269252]

11. Wang JC, Hufnagel TJ, Buxton DF. Bilateral keratectasia after unilateral laser in situ
keratomileusis: a retrospective diagnosis of ectatic corneal disorder. J Cataract Refract Surg. 2003;
29:2015–8. [PubMed: 14604728]

12. Rabinowitz YS. Videokeratographic indices to aid in screening for keratoconus. J Refract Surg.
1995; 11:371–9. [PubMed: 8528916]

13. Rabinowitz YS, McDonnell PJ. Computer-assisted corneal topography in keratoconus. Refract
Corneal Surg. 1989; 5:400–8. [PubMed: 2488838]

14. Abad JC, Rubinfeld RS, Del Valle M, Belin MW, Kurstin JM. Vertical D: a novel topographic
pattern in some keratoconus suspects. Ophthalmology. 2007; 114:1020–6. [PubMed: 17292474]

15. Ambrosio R Jr. Alonso RS, Luz A, Coca Velarde LG. Corneal-thickness spatial profile and
corneal-volume distribution: Tomographic indices to detect keratoconus. J Cataract Refract Surg.
2006; 32:1851–9. [PubMed: 17081868]

16. Quisling S, Sjoberg S, Zimmerman B, Goins K, Sutphin J. Comparison of Pentacam and Orbscan
IIz on posterior curvature topography measurements in keratoconus eyes. Ophthalmology. 2006;
113:1629–32. [PubMed: 16949447]

17. Rao SN, Raviv T, Majmudar PA, Epstein RJ. Role of Orbscan II in screening keratoconus suspects
before refractive corneal surgery. Ophthalmology. 2002; 109:1642–6. [PubMed: 12208710]

18. Tabbara KF, Kotb AA. Risk factors for corneal ectasia after LASIK. Ophthalmology. 2006;
113:1618–22. [PubMed: 16949446]

19. Kohlhaas M, Spoerl E, Schilde T, Unger G, Wittig C, Pillunat LE. Biomechanical evidence of the
distribution of cross-links in corneas treated with riboflavin and ultraviolet A light. J Cataract
Refract Surg. 2006; 32:279–83. [PubMed: 16565005]

20. Randleman JB, Dawson DG, Grossniklaus HE, McCarey BE, Edelhauser HF. Analysis of
Quantitative Cohesive Tensile Strength in Normal Human Corneas: Implications for Refractive
Surgery. J Refract Surg. 2008 (forthcoming).

21. Chang DH, Stulting RD. Change in intraocular pressure measurements after LASIK the effect of
the refractive correction and the lamellar flap. Ophthalmology. 2005; 112:1009–16. [PubMed:
15882906]

22. Haque S, Simpson T, Jones L. Corneal and epithelial thickness in keratoconus: a comparison of
ultrasonic pachymetry, Orbscan II, and optical coherence tomography. J Refract Surg. 2006;
22:486–93. [PubMed: 16722488]

23. Ucakhan OO, Kanpolat A, Ylmaz N, Ozkan M. In vivo confocal microscopy findings in
keratoconus. Eye Contact Lens. 2006; 32:183–91. [PubMed: 16845264]

24. Caster AI, Friess DW, Potvin RJ. Absence of keratectasia after LASIK in eyes with preoperative
central corneal thickness of 450 to 500 microns. J Refract Surg. 2007; 23:782–8. [PubMed:
17985797]

25. Kymionis GD, Bouzoukis D, Diakonis V, et al. Long-term results of thin corneas after refractive
laser surgery. Am J Ophthalmol. 2007; 144:181–185. [PubMed: 17533106]

26. Binder PS. Analysis of ectasia after laser in situ keratomileusis: risk factors. J Cataract Refract
Surg. 2007; 33:1530–8. [PubMed: 17720066]

27. Condon PI, O’Keefe M, Binder PS. Long-term results of laser in situ keratomileusis for high
myopia: risk for ectasia. J Cataract Refract Surg. 2007; 33:583–90. [PubMed: 17397729]

Randleman et al. Page 7

Am J Ophthalmol. Author manuscript; available in PMC 2013 August 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1. Comparison of Screening Results Utilizing the Ectasia Risk Score System and
Traditional Screening Parameters for Identifying Patients at High Risk for Developing Ectasia
after LASIK
Ectasia screening comparisons for ectasia cases utilizing the Ectasia Risk Score System
(Ectasia Risk Score) and (Traditional Parameters). The Ectasia Risk Score System correctly
identified a significantly greater percentage of eyes than traditional screening methods
(abnormal topography or residual stromal bed less than 250 microns) that ultimately
developed ectasia (92% vs. 50%, p<0.00001) with very few false negatives (8%).
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Figure 2. Ectasia Risk Score System Score Comparisons Between the Ectasia and Control
Populations from This Study and Previous Study for Identifying Eyes at High or Low Risk for
Developing Ectasia after LASIK
Eyes from the previous study population* were labeled as Ectasia 1 and Control 1, and eyes
from this study were labeled Ectasia 2 and Control 2. There were no significant differences
between ectasia cases from the two populations or controls from the two populations in
percentage of eyes identified as low or high risk.
*Previous study population was reported in Randleman JB, Woodward M, Lynn MJ,
Stulting RD. Risk Assessment for Ectasia after Corneal Refractive Surgery. Ophthalmology
2008; 115: 37-50.
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Figure 3. Receiver Operated Characteristic (ROC) Curve Comparing Sensitivity and Specificity
for the Ectasia Score System in This Study and Previous Study Populations in Screening for
Eyes at High Risk of Developing Ectasia after LASIK
The steep rise in both curves demonstrates high sensitivity and specificity for both
populations, the previous study (Series 1) and this study (Series 2), and there are no
significant differences between the two groups.
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Figure 4. Distribution of Ectasia Risk Score Points by Category for Ectasia Cases Using the
Ectasia Risk Score System for Determining Eye at High Risk of Developing Ectasia after LASIK
This graph demonstrates the percentage of ectasia cases that scored each point values for
each parameter evaluated in the Ectasia Risk Score System.
RSB = Residual stromal bed thickness
CT = Preoperative corneal thickness
MRSE = Preoperative spherical equivalent manifest refraction
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Table 1

The Ectasia Risk Score System for Identifying Eyes at High Risk of Developing Ectasia after LASIK

Parameter Points

4 3 2 1 0

Topography Abnormal
Topography

Inf. Steep/SRA ABT Normal/SBT

RSB <240μ 240 - 259μ 260 - 279μ 280 - 299μ ≥300μ

Age 18 - 21 yrs 22 - 25 yrs 26 - 29 yrs ≥30 yrs

CT <450 μ 451 - 480 μ 481 - 510 μ ≥510 μ

MRSE >−14D >−12 - -14D >−10 - -12D >−8 - -10D −8D or less

Inf. Steep = inferior steepening pattern

SRA = skewed radial axis

ABT = asymmetric bowtie

SBT = symmetric bowtie

RSB = residual stromal bed thickness

CT = preoperative corneal thickness

MRSE = preoperative spherical equivalent manifest refraction

D = diopters

Am J Ophthalmol. Author manuscript; available in PMC 2013 August 21.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Randleman et al. Page 13

Table 2

Ectasia Patient Demographic Comparisons between this Ectasia Risk Score Validation Study Population and
the Previous Study Population

Demographics This Study (n = 50) Previous Study* (n = 86) P value

Age (years) 35.3 33.7 0.3

MRSE (D) −5.99 −6.67 0.3

CT (μ) 529 523 0.4

RSB (μ) 288 264 0.01

Abnormal
Topography

46% 44% 0.9

This Study = eyes reported in this study

*
Previous study = eyes reported in Randleman JB, Woodward M, Lynn MJ, Stulting RD. Risk Assessment for Ectasia after Corneal Refractive

Surgery. Ophthalmology 2008; 115: 37-50.

MRSE = preoperative spherical equivalent manifest refraction

D = Diopters

CT = preoperative corneal thickness

RSB = residual stromal bed thickness
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Table 3

Ectasia and Control Population Patient Demographics from This Ectasia Risk Score System Validation Study

Demographics Ectasia Cases (n = 50) Control Cases (n = 50) P value

Age (years) 35.3 (18 to 55) 37.3 (18 to 55) 0.3

Gender 0.7

  Male 56% 50%

  Female 44% 50%

MRSE (D) −5.99 (−1.25 to −15.75) −3.57 (−1.25 to −8.5) 0.00003

CT (μ) 529 (457 to 580) 547 (493 to 664)) 0.003

RSB (μ) 288 (204 to 392) 343 (280 to 454) <1.0 × 10−9

MRSE = preoperative spherical equivalent manifest refraction

D = Diopters

CT = preoperative corneal thickness

RSB = residual stromal bed thickness
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Table 4

Topographic Characteristics of Ectasia Cases and Controls for This Ectasia Risk Score System Validation
Study

Topographic Patterns Ectasia Cases (n = 50) Control Cases (n = 50) P value

Normal/Symmetrical 4 (8%) 32 (64%) <1 × 10−9

Asymmetric Bowtie 10 (20%) 17 (34%) 0.2

INF Steep/SRA 13 (26%) 1 (2%) 0.001

Abnormal 23 (46%) 0 (0%) <1 × 10−8

INF Steep/SRA = topographic pattern with inferior steepening and/or a skewed radial axis
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