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Estimation of the Incidence and Factors Predictive of
Corneal Scarring in the Collaborative Longitudinal
Evaluation of Keratoconus (CLEK) Study
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Purpose: The multicenter Collaborative Longitudinal Evaluation of
Keratoconus (CLEK) Study is a prospective, observational study of
1209 keratoconus patients. We report methods to define incident
corneal scarring and baseline factors predictive of incident corneal
scarring in nonsurgical eyes of CLEK Study keratoconus patients
through their fifth year of follow-up.

Methods: Of the 1209 patients, 878 patients with at least one
unscarred cornea at baseline were included in this study. The
cumulative 5-year incidence of scarring is defined as the proportion
of patients who developed central corneal opacification as detected
by a clinician examining the patient with a slit-lamp biomicroscope
and by masked readings of corneal photographs at the CLEK
Photography Reading Center. Logistic regression analysis was used
to test for relationships between baseline factors and incident corneal
scarring. Baseline factors analyzed included age, sex, race, atopic
disease, contact lens wear, family history of keratoconus, corneal
curvature, and central corneal fluorescein staining, among others.

Results: The 5-year incidence of corneal scarring was 13.7% (120
of 878) overall, 16.7% (102 of 609) for contact lens—wearing eyes,
and 38.0% (46 of 121) for contact lens—wearing eyes with corneal
curvature greater than 52 D. Baseline factors predictive of incident
scarring included corneal curvature greater than 52 D (odds ratio
[OR] = 4.79; 95% confidence interval [CI], 3.08, 7.45; P < 0.001),
contact lens wear (OR =2.50; 95% ClI, 1.40, 4.76; P=0.003), marked
corneal staining (OR =2.38; 95% CI, 1.49, 3.76; P=0.0002), and age
less than 20 years (OR = 6.34; 95% ClI, 2.57, 15.00; P < 0.0001).
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Conclusions: Multivariate analyses of 5-year prospective data from
the CLEK Study cohort showed that baseline corneal curvature,
contact lens wear, corneal staining, and younger age were predictive
of the development of corneal scarring. The 5-year incidence of
scarring is 13.7% for the overall sample and 38.0% for those eyes
with corneal curvature greater than 52 D that wore contact lenses.
Contact lens wear increased the risk of incident scarring more than
2-fold. These findings suggest a causal contribution of contact lens
wear to corneal scarring in keratoconus and imply that corneal
scarring might be reduced by modifying the contact lens fit.

Key Words: cornea, keratoconus, opacification, scarring

(Cornea 2006;25:16-25)

eratoconus is a progressive, bilateral disease characterized

by irregular astigmatism and steepening of the apical
cornea. It is described as noninflammatory and can be
differentiated from keratoglobus, pellucid marginal degener-
ation, and mechanically induced irregular astigmatism such as
from contact lens wear or surgery.'” Other clinical signs
include corneal scarring, Vogt striac, Fleischer ring, and
corneal thinning. Corneal scarring causes reduced vision,
especially the reduction of low-contrast visual acuity, in
keratoconus.*?

Korb et al® suggested that incident corneal scarring in
keratoconus may be associated with the contact lens fitting
method used, reporting on a small clinical trial where 4 of
7 eyes fitted flat developed corneal scars compared with 0 of
7 eyes fitted steep. Mascai et al” reported that contact lens wear
might be a risk factor for keratoconus. These clinical findings
may be supported by basic laboratory studies in keratoconus
and other corneal diseases in the past decade. Keratocyte and
stromal alteration associated with proteolytic enzyme and
protease inhibitor imbalances in the cornea lead to corneal
thinning and scarring of the cornea.®*'' Wilson and Kim'?
suggested that epithelial trauma may be responsible for pre-
mature keratocyte apoptosis and further stromal changes
in keratoconus and other corneal diseases. Fini et al'* and
Daxer and Fratzl'" described the haphazard arrangement of
collagen fibrils and abnormal proteoglycan and collagen types
and remodeling and regeneration of the cornea after mechan-
ical injury. It is possible that the mechanical trauma of contact
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lens wear may induce further adverse changes mediated by
these mechanisms.

The Collaborative Longitudinal Evaluation of Kerato-
conus (CLEK) study is a multicenter, observational study
designed to prospectively characterize the changes in clinical
findings in keratoconus. We have previously reported that, at
baseline, corneal opacification (hereafter referred to as scarring)
was associated with contact lens wear, steeper corneal curvature,
Fleischer’s ring, older age, and marked corneal staining.'’
With follow-up data collected prospectively, we can now study
these and other baseline factors for their potential causal role
in the onset of corneal scarring in keratoconus.

MATERIALS AND METHODS

The CLEK Study is a 16-center, longitudinal observa-
tional study of patients with keratoconus. A total of 1209
eligible patients were enrolled between May 31, 1995 and June
29, 1996. The protocol used for the study is described in detail
elsewhere.’ The procedures outlined below are those relevant
to this report. The CLEK Study protocol was approved by each
clinic’s institutional review board, and the clinics obtained
informed consent from each patient. Before examination,
patients completed a survey that included questions about
hours of contact lens wear per day, the number of times the
contact lenses were removed per day, glare tolerance rated
from “1 = not at all hindered” to “5 = can’t do because of
glare,” and their vision from “1 = excellent” to “5 = poor.”
Trained and certified clinicians followed a specified slit-lamp
biomicroscopic examination and scarring documentation
protocol in the CLEK clinics. Trained and certified photograph
readers evaluated standardized photographs of the corneas
and graded corneal scarring in a masked fashion at the CLEK
Photography Reading Center.'® Corneal scarring was graded
as “definitely not scarred,” “probably not scarred,” “probably

scarred,” or “definitely scarred” by the clinicians and the
photograph readers. Figures 1 and 2 show examples of the
variety of incident scars observed. Corneal photography
consisted of 4 parallelepiped photographs of the central
cornea, followed by 2 oblique photographs of the entire cornea
after pupil dilation as described in the standardized CLEK
protocol. Scar density (0—4 scale), size, and shape were graded
relative to standard photographs.

Reliability and concurrent validity of the scarring
protocol were evaluated in a 10% random sample of patients
(n = 138) who completed a second baseline examination.
These results have been reported elsewhere.'® Briefly, agree-
ment at the baseline examination and the repeat examination
on the presence or absence of scarring (as calculated using
a weighted k statistic) was 0.77 for photography readers (95%
confidence interval [CI], 0.72-0.82), 0.83 for clinicians (95%
CIL, 0.78-0.88), and 0.69 (95% CI, 0.66—0.71) between pho-
tography readers and clinicians. Agreement between repeat
gradings of the same photographs selected randomly for quality
assurance monitoring ranged from 0.79 to 0.95 throughout
the study.

The sample for this report consists of patients who had
1 or both eyes at risk for scarring at baseline and at least 1
follow-up examination. Eyes with a corneal transplant at base-
line and eyes classified as scarred at baseline were excluded
from this sample. At baseline, the presence of scarring was
defined as a grading of “probably” or “definitely” scarred
in the central 6 mm of the cornea by either the CLEK clinic
examiner or the masked reader at the CLEK Photography
Reading Center. This definition of baseline scarring identified
331 patients who were excluded from this report and 878
patients with 1 or both eyes at risk for scarring who are in-
cluded in this report. Eyes undergoing corneal transplantation
during follow-up are included up to and including the last
visit before their corneal transplant.

FIGURE 1. A representative patient’s unscarred cornea at baseline (A) and scarred cornea at years 1 to 5 (B-F).
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FIGURE 2. A representative patient’s unscarred cornea at baseline and year 1 (A and B) and scarred cornea at years 2-5 (C-F).

The 5-year incidence of scarring is defined as the
detection of scarring up through the fifth annual examination
in patients whose cornea(s) were not scarred at baseline. The
primary definition of incident scarring as present was when
both the CLEK clinic examiner and the masked photograph
reader independently graded the eye as “probably” or “def-
initely” scarred, and the scar was in the central 6 mm of the
cornea as determined by the photograph reader.

We also evaluated a more restrictive definition of
scarring—one with higher specificity—that required both
the clinician and the masked photograph reader to in-
dependently grade the eye as “definitely scarred” at 2 con-
secutive annual visits. This definition also required that the
scar be located in the central 6 mm of the cornea as
determined by the photograph reader on both visits. Data
from year 6 were used to confirm scarring detected at the
year 5 examination.

The restrictive definition was not used in the primary
analyses for this report. The purpose of the restrictive
definition was to provide a lower bound to the estimate of
scarring and to evaluate the robustness of multivariate models.

Corneal staining after the instillation of fluorescein was
graded by the clinicians as “definitely not present,” “probably
not present,” “probably present,” or “definitely present.”
Location and shape (arc, punctate, foreign body, swirl, dimple
veiling, coalesced, and full-thickness epithelial defect) were
recorded. Because most eyes had corneal staining, we grouped
eyes into 2 levels of corneal staining severity. For the purpose
of this report, corneal staining was classified as marked when
the clinician graded the eye as “definitely” stained on the
4-point staining certainty scale and described its shape as
punctate, coalesced, or a full-thickness corneal defect within
the central 6-mm corneal zone. Foreign body staining, periph-
eral staining, such as typical 3:00 and 9:00 o’clock staining,
and arc-shaped corneal staining were not included. These latter
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forms of staining were deemed unlikely to be associated with
corneal scarring.

A protocol for determining the first definite apical
clearance lens (FDACL) to provide a measure of corneal
curvature'” was developed specifically for the CLEK Study.
A rigid gas permeable contact lens from the CLEK Study trial
lens set with a base curve radius equal to the steep keratometric
reading was applied. If the initial lens was judged to be flat
relative to the corneal apex, a steeper lens was applied to the
eye for fluorescein evaluation. If the initial lens was judged to
be steep relative to the corneal apex, a flatter lens was applied
to the eye for fluorescein evaluation. These procedures were
repeated until a first definite apical clearance fluorescein pat-
tern was achieved. The FDACL base curve (in D) is the flattest
lens that clears the corneal apex. Steep and flat keratometry
measurements were also performed at baseline. Eyes were
grouped by whether the corneal curvature was greater than or
less than or equal to 52 D."”

Before analysis, the following baseline variables were
selected for this report: age; sex; race; family history of
keratoconus; ocular trauma; atopic disease; contact lens wear;
Vogt striae; Fleischer ring; scarring status in the fellow eye;
marked corneal fluorescein staining; corneal curvature; high-
and low-contrast entrance visual acuity; high- and low-contrast
best-corrected acuity; and patient-reported glare tolerance and
vision. In the subset of eyes corrected by rigid gas permeable
contact lenses at baseline, we examined hours of contact lens
wear per day, the number of times the contact lens was
removed per day, contact lens comfort (“1 = very comfort-
able” to “”5 = irritating”), and the flatness of the entrance
rigid contact lens fit. Contact lens fit (flatness) was defined as
FDACL (in D) minus the habitually worn rigid contact lens’s
base curve (radius of curvature in D).

One eye of each patient was selected for analysis. In
patients with a unilateral corneal transplant at baseline, the
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fellow eye was selected for analysis. In eyes that underwent
corneal transplantation during follow-up, the period before
the corneal transplant was included. If scarring developed in
1 eye, that eye was selected for analysis. If both eyes had the
same scarring status at year 5, 1 eye was selected randomly.

Univariate (unadjusted) odds ratio (ORs) and their 95%
ClIs were computed using logistic regression analysis. All
variables with P < 0.10 in the univariate logistic regression
analyses were selected for inclusion in a stepwise, multivariate
logistic regression analysis. Three measures of corneal
curvature were taken: FDACL, the steep keratometric reading,
and the flat keratometric reading. Corneal curvature was
analyzed as a 2-level variable ( < 52 and >52 D) as in previous
CLEK publications.>*>'>'® When the association of more than
1 of these measures of corneal curvature with scarring was
statistically significant in the univariate logistic regression,
a separate stepwise logistic regression was run to select the
best candidate. The same approach was used to select the best
candidate among the 4 measures of visual acuity: high- and
low-contrast entrance acuity and high- and low-contrast best-
corrected acuity. In the multivariate logistic regression models,
a variable needed P < 0.05 to be retained, and the overall
model needed to exhibit adequate goodness-of-fit using the
Hosmer-Lemeshow test criterion of P > 0.10.'° (The Hosmer-
Lemeshow criterion computes a statistical threshold for de-
termining goodness-of-fit for logistic regression models.)
Adjusted ORs and their 95% Cls are reported for baseline
factors in the multivariate models. Because of the uncertainty
as to whether corneal staining is a risk factor for corneal scarr-
ing or is an early marker of scarring, the multivariate model
for the primary analysis, which included corneal staining, was
also run without the corneal staining variable. Data were
analyzed using SAS version 8 (SAS Institute, Cary, NC).

Multivariate logistic regression analyses were repeated
with the more restrictive definition of incident scarring to
determine if the same baseline factors for incident scarring
were identified. Because this restrictive definition of incident
scarring would yield fewer incident cases, P values for
inclusion in the multivariate model were relaxed from 0.05 to
0.10 in the multivariate logistic regression analysis.

The ORs for all analyses of dichotomous variables reflect
the odds of developing an incident scar when going from “no”
to “yes” or from “absent” to “present.” For visual acuity, the
OR reflects the change in odds for every 5 letters; for contact
lens fit flatness, it is the change for each diopter. For mean
glare, vision rating, and contact lens comfort, the odds ratios
reflect a change in the odds of scarring for each additional
point on a 5-point scale where higher values indicate worsening.

RESULTS

Of the 1209 patients enrolled in the CLEK Study, 878
patients who had at least 1 eye at risk for corneal scarring at
baseline and who had completed at least 1 follow-up exam-
ination are included in this report. Forty percent of these
patients (350 of 878) had 1 eye at risk for scarring at baseline,
and 60.1% (528 of 878) had both eyes at risk. Among those
patients with both eyes at risk for scarring, 3% (16 of 528)
developed scarring in both eyes. In these 16 patients, 1 eye was

© 2005 Lippincott Williams & Wilkins

selected randomly for analysis. Eighty percent (702 of 878) of
these patients completed at least 5 years of follow-up. The
mean size of the central-most incident scar was 1.4 = 0.7
(SD) mm, and its mean density was 1.8 = 0.65 mm.

Table 1 reports baseline factors and their associations
(unadjusted) with incident corneal scarring for all patients.
Table 2 reports baseline visual function and contact lens wear
in patients related to whether or not they developed incident
corneal scarring. Tables 3 and 4 report baseline factors and
visual function and their associations (unadjusted) with in-
cident corneal scarring for patients wearing rigid gas perme-
able contact lenses at baseline. In the overall sample of 878
patients, a higher percentage of those under 20 years of age at
baseline developed incident scarring (35.71%, 10 of 28)
compared with those 20 years of age and older (12.94%, 110
of 850; OR = 3.74; 95% CI, 1.62, 8.16). The incidence of
scarring among patients 20 years of age and older did not
differ substantially from decade to decade and did not increase
with older age. For this reason, age was treated as a di-
chotomous variable—under 20 years of age and 20 years of
age and older. Patients who developed scarring had poorer
low-contrast entrance visual acuity (30.4 = 12.1 letters correct)
compared with those who did not develop scarring (33.5 =
13.0 letters correct). For each additional line of low-contrast
entrance visual acuity, the odds of developing scarring was
reduced by almost 10% (OR = 0.92; 95% CI, 0.86, 0.98). The
odds of scarring was higher among patients wearing any type
of contact lens at baseline (OR =2.98; 95% CI, 1.72, 5.54) and
those who had marked corneal staining (OR = 2.93; 95% ClI,
1.90, 4.47), Vogt striae (OR = 2.12; 95% ClI, 1.44, 3.15), or
corneal curvature greater than 52 D, whether curvature was
measured by FDACL (OR = 4.51; 95% CI, 2.96, 6.85) or by
keratometry. Many putative, predictive factors for scarring (eg,
atopic disease, previous ocular trauma, or a history of eye
rubbing) had little or no relationship with incident scarring in
univariate analyses (Table 1).

Results of the stepwise multivariate logistic regression
are presented in Table 5. Age less than 20 years was associated
with an increased risk of scarring (OR = 6.34; 95% CI, 2.57,
15.00) in the multivariate analysis. Other baseline factors
significantly associated with increased risk of scarring in the
multivariate analysis were contact lens wear (OR = 2.50; 95%
CI, 1.40, 4.76), corneal staining (OR = 2.38; 95% CI, 1.49,
3.76), and corneal curvature (FDACL) greater than 52 D (OR =
4.79; 95% CI, 3.08, 7.45). Because marked corneal staining
occurs more frequently in eyes corrected with contact lenses
and may be a precursor to corneal scarring, the multivariate
analysis was also run without corneal staining in it. When
marked corneal staining was excluded from the multivariate
model, the ORs for contact lens wear, age, and corneal
curvature varied slightly from the same ORs in the model with
staining included. The cumulative proportion of patients
developing scarring from baseline through year 5 was ex-
amined using Kaplan-Meier life table plots and was found to be
proportional over the entire follow-up period (Fig. 3).

Among patients corrected with rigid gas permeable
lenses at the baseline visit (Table 5), factors associated with
incident scarring in the multivariate analysis were marked
corneal staining (OR = 2.22; 95% CI, 1.33, 3.66), corneal
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TABLE 1. Baseline Factors and 5 Year Incident Corneal Scarring in the CLEK Study (n = 878)

Percent Incident Unadjusted
Variable Subgroup N Scarred Odds Ratio 95% Confidence Interval P

Age (years)* <20 28 35.71% 3.74 1.62, 8.16 0.001
>/=20 850 12.94% 0.15

Race Non-white 258 16.28% 1.35 0.89, 2.02 0.15
White 620 12.58%

Sex Male 481 14.76% 1.23 0.83, 1.83 0.30
Female 397 12.34%

Family history of keratoconus? Yes 116 17.24% 1.38 0.80, 2.29 0.23
No 762 13.12%

History of ocular trauma? Yes 28 17.86% 1.39 0.46, 3.46 0.51
No 836 13.52%

Atopic disease? Yes 493 13.59% 0.99 0.67, 1.46 0.94
No 385 13.77%

Contact lens wear? Yes 650 16.31% 2.98 1.72, 5.54 0.0002
No 228 6.14%

Eye rubbing? Yes 426 15.02% 1.22 0.83, 1.81 0.32
No 419 12.65%

Fleischer ring? Yes 623 14.13% 1.14 0.75, 1.78 0.55
No 254 12.60%

Vogt’s striae? Yes 371 18.87% 2.12 1.44, 3.15 0.0002
No 506 9.88%

Fellow eye scarred? Scarred 303 13.20% 0.94 0.62, 1.41 0.77
Not Scarred 575 13.91%

Marked corneal staining: Staining 155 26.45% 2.93 1.90, 4.47 <0.0001
No staining 723 10.93%

FDACL (D) >52 152 32.89% 4.51 2.96, 6.85 <0.0001
</=52 714 9.80%

Steep keratometry >52 166 30.12% 3.95 2.61, 597 <0.0001
</=52 712 9.83%

Flat keratometry >52 46 43.48% 5.63 3.00, 10.43 <0.0001
</=52 832 12.02%

*Qdds ratio for age reflects the increased odds of being under 20 years old versus 20 years old or older.

FAtopic disease; patient indicated that he or she had hay fever, asthma, or atopic dermatitis at baseline.

#Marked corneal staining: the clinician examining the patient says there is definitely corneal staining, that the staining is located within the central 6 mm (diameter) of the cornea
and that the shape of the staining is either punctate, coalesced, or a full-thickness epithelial defect.

TABLE 2. Visual Function, Contact Lens Wear, and 5 Year Incident Corneal Scarring in the CLEK Study
Patients Who Did Not

Develop Scarring Patients Who Developed Unadjusted 95% Confidence

Variable (n = 758) Scarring (n = 120) Odds Ratio Interval P
Hours of contact lens wear 12.54 = 4.34 13.30 = 3.97 1.05 0.99, 1.11 0.10
Contact lens comfort (1-5 scale) 245 £ 1.17 2.38 = 1.05 0.95 0.79, 1.14 0.58
Flatness (FDACL-base curve radius) (D) 1.89 = 2.65 3.74 £ 3.37 1.22 1.13, 1.31 <0.0001
High-contrast, best-corrected VA/5 letters* 50.74 = 7.03 49.30 = 0.61 0.88 0.76, 1.01 0.07
Low-contrast, best-corrected VA/5 letters* 37.50 = 8.81 35.16 = 8.82 0.86 0.77, 0.97 0.02
High-contrast, entrance VA/S letters* 4798 = 9.53 46.23 £ 9.49 0.92 0.83, 1.02 0.09
Low-contrast, entrance VA/5 letters* 35.13 £ 11.02 32.16 = 10.37 0.89 0.82, 0.98 0.014
Glare score (1-5 scale) 2.45 = 0.81 2.37 £ 0.89 0.89 0.68, 1.15 0.37
Vision score (1-5 scale) 2.73 £ 1.08 2.77 £ 1.11 1.04 0.86, 1.27 0.67

Incident scarring is described as “probably scarred” or “definitely scarred” by both the clinician and the masked photograph reader at the same visit. Continuous variables
are described in terms of mean * SD. Unadjusted odds ratios and their 95% confidence intervals are reported.
*QOdds ratios for visual acuity are expressed in units of 5 letters (1 line).
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TABLE 3. Baseline Factors and 5 Year Incident Corneal Scarring in Rigid Gas Permeable Contact Lens Wearers

in the CLEK Study

Percent Incident

Variable Subgroup N Scarred Unadjusted Odds Ratio 95% Confidence Interval P

Age (years)* <20 18 38.89% 3.32 1.20, 8.66 0.016
=20 591 16.07%

Race Non-white 179 18.44% 1.18 0.74, 1.86 0.47
White 430 16.05%

Sex Male 330 17.88 1.19 0.78, 1.84 0.42
Female 279 15.41

Family history of keratoconus? Yes 80 22.50 1.54 0.85, 2.68 0.14
No 529 15.88

History of ocular trauma? Yes 19 21.05 1.34 0.38, 3.79 0.61
No 579 16.58

Atopic disease? Yes 339 17.11 1.06 0.69, 1.63 0.79
No 270 16.30

Eye rubbing? Yes 304 17.76 1.10 0.72, 1.70 0.65
No 287 16.38

Fleischer’s ring? Yes 446 16.82 1.01 0.63, 1.66 0.97
No 162 16.67

Vogt’s striac? Yes 276 22.10 2.02 1.31, 3.13 0.0015
No 333 12.31

Fellow eye scarred? Scarred 239 15.06 0.82 0.52, 1.27 0.37
Not scarred 370 17.84

Marked corneal staining: Staining 137 28.47 2.58 1.63, 4.07 <0.0001
No staining 472 13.35

FDACL >52D 119 37.82 4.54 2.86, 7.22 <0.0001
=52 D 483 11.80

Steep keratometric reading >52D 130 34.62 3.92 2.48, 6.18 <0.0001
=52 D 479 11.20

Flat keratometric reading >52 D 41 46.34 5.05 2.60, 9.74 <0.0001
=52 D

*QOdds ratio for age reflects the increased odds of being under 20 years old versus 20 year old or older.

FAtopic disease; patient indicated that he or she had hay fever, asthma, or atopic dermatitis at baseline.

$Marked corneal staining: the clinician examining the patient says there is definitely corneal staining, that the staining is located within the central 6 mm (diameter) of the cornea and
that the shape of the staining is either punctate, coalesced, or a full-thickness epithelial defect.

curvature greater than 52 D (OR = 3.55; 95% CI, 2.07, 6.08),
age less than 20 years (OR =4.13; 95% CI, 1.24, 12.74), and
each diopter of flatness in contact lens fit (OR = 1.13; 95% ClI,
1.04, 1.21). When corneal staining was excluded from this
multivariate model, corneal curvature continued to have a
statistically significant, strong association with incident corneal
scarring (OR = 3.62; 95% CI, 2.12, 6.16), along with each
diopter of flatness of the contact lens fit (OR = 1.13; 95% (I,
1.04, 1.22) and age less than 20 years (OR = 4.36; 95% ClI,
1.36, 12.97). Eye rubbing, hours of contact lens wear, contact
lens comfort, removal of contact lenses more than once per day,
glare tolerance, and self-reported vision were not related to the
risk of corneal scarring (Tables 3 and 4).

Univariate and multivariate analyses were repeated using
the more restrictive definition of scarring with 48 incident
cases. These analyses confirm the selection of corneal staining
and curvature as predictive factors, but age and contact lens
wear dropped out, largely because of low statistical power and
violation of the Hosmer-Lemeshow goodness-of-fit test.

Exploratory subgroup analyses were conducted to see if
incident scarring increased in a linear fashion over the range of

© 2005 Lippincott Williams & Wilkins

corneal curvatures as a function of contact lens wear at baseline.
For this exploratory data analysis, corneal curvature was
grouped into 3 levels of severity: mild, <45 D; moderate, 45 to
52 D; severe, >52 D. For each corneal curvature group, the
5-year incidence of scarring was compared with eyes wearing
contact lenses at baseline (n = 643) and eyes not wearing contact
lenses at baseline (n = 223). The 5-year incidence of scarring
was higher in eyes wearing contact lenses compared with eyes
not wearing contact lenses in each corneal curvature group (Fig.
4). The incidence of scarring in each contact lens wearing group
increased as curvature increased. This exploratory analysis
confirms the multivariate model in which contact lens wear and
corneal curvature were independent factors, each contributing in
a linear fashion to an increased risk of corneal scarring (Fig. 5).

DISCUSSION
This is the first report from prospectively collected,
S-year follow-up data that would allow identification of poten-
tial causal relationships between baseline factors and the
development of corneal scarring in keratoconus. Using the
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TABLE 4. Visual Function and 5 Years Incident Corneal Scarring in Rigid Gas Permeable Contact Lens

Wearers in the CLEK Study

Patients Who Did Not

Patients Who

Develop Scarring Developed Scarring Unadjusted 95% Confidence
Variable (n = 758) (n = 120) Odds Ratio Interval P
High-contrast, best-corrected VA/S letters* 50.16 = 7.63 49.52 = 7.56 0.95 0.84, 1.07 0.39
Low-contrast, best-corrected VA/5 letters* 36.58 £ 10.29 35.35 £ 9.05 0.94 0.86, 1.04 0.22
High-contrast, entrance VA/S letters* 46.71 = 11.61 4488 = 11.12 0.94 0.87, 1.02 0.11
Low-contrast, entrance VA/5 letters* 33.49 = 13.01 30.35 £ 12.12 0.92 0.86, 0.98 0.01
Glare score (1-5 scale) 2.47 = 0.81 2.37 = 0.88 0.87 0.68, 1.10 0.23
Vision score (1-5 scale) 2.88 = 1.12 294 = 1.18 1.05 0.89, 1.25 0.55

*QOdds ratios for visual acuity are expressed in units of 5 letters (1 line).

Incident scarring is described as “probably scarred” or “definitely scarred” descriptions of a central scar by both the clinician and the masked photograph reader at the same visit.
Continuous variables are described in terms of mean = SD. Unadjusted odds ratios and their 95% confidence intervals are reported.

definition of incident corneal scarring developed in the CLEK
Study, the 5-year crude incidence of corneal scarring was
13.7% overall and 16.7% for patients who wore contact lenses
of any type at baseline. Baseline factors predictive of corneal
scarring in multivariate analyses included age under 20 years,
corneal staining, contact lens wear, and steeper corneal cur-
vature. When baseline corneal staining was excluded from the
multivariate model, the same core factors remained statistically
significant in the model, and the odds of scarring associated
with contact lens wear increased slightly. The multivariate
model for incident scarring seems to be robust to varying def-
initions of incident scarring and the selection of candidate risk
factors for incident scarring.

In cross-sectional analyses of baseline data, older age
was associated with increased prevalence of corneal scarring.'
In analyses of these prospective data, age less than 20 years
was associated with an increased risk of incident corneal

TABLE 5. Multivariate Analyses of Baseline Factors Predictive
of Incident Scarring for All Eyes and for the Subset of Rigid Gas
Permeable Contact Lens—wearing Eyes

95% Confidence

Variable Odds Ratio Interval P

All eyes

Age <20 years* 6.34 2.57, 15.00 <0.0001

Corneal stainingf 2.38 1.49, 3.76 0.0002

FDACL >52 Dif 4.79 3.08, 7.45 <0.0001

Contact lens use 2.50 1.40, 4.76 0.003
RGP-wearing eyes

Corneal stainingf 222 1.33, 3.66 0.002

FDACL >52 Di 3.55 2.07, 6.08 <0.0001

Age <20years* 4.13 1.24, 12.74 0.02
Flatness of contact lens fit (D)% 1.12 1.04, 1.21 0.002

Incident scarring is described across 5 years of follow-up and is defined as “Probably
scarred” or “definitely scarred” descriptions of a central scar by both the clinician and the
masked photograph reader at the same visit.

*QOdds ratio for age reflects the increased odds of being under 20 years old versus
20 year old or older.

FtMarked corneal staining: the clinician examining the patient says there is definitely
corneal staining, that the staining is located within the central 6 mm (diameter) of the
cornea and that the shape of the staining is either punctate, coalesced, or a full-thickness
epithelial defect.

FPer 1.00D.
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scarring. Patients less than 20 years of age had a 6-fold ad-
justed risk of incident scarring compared with patients 20
years of age and older. The increase in the prevalence of
corneal scarring with older age observed at baseline could
result from the accrual of incident cases among keratoconus
patients over time. Results from longitudinal data indicate that
the highest risk of incident corneal scarring may be early rather
than later in the course of the disease.

Steeper corneal curvature had the strongest association
with incident scarring in all multivariate analyses. Steeper
corneas at baseline (FDACL > 52 D) were nearly 4.5 times
more likely to scar than flatter corneas. Wearing any type of
contact lens increased the risk of incident scarring by almost
3 times over no contact lens wear. Additionally, among rigid
contact lens wearers, flatness of fit was significantly associated
with incident scarring.

Corneal staining can occur as a natural finding in
keratoconus and may be attributable to the disease and/or to
contact lens wear. In CLEK Study patients, corneal staining
was associated with contact lens wear. The presence at base-
line of marked corneal staining increased the risk of incident
corneal scarring by 2.4. Although corneal staining may occur
without subsequent corneal scarring, it seems rational that
clinicians would try to prevent or minimize corneal staining
with contact lens wear in keratoconus.

0.20 A
0.18 4
0.16
0.14 4
0.12 4
0.10 4
0.08 A
0.06
0.04 4
0.02 4
0.00

developing corneal scarring

0 1 2 3 4 5
CLEK Examination

AtRisk  g7g 877 830 769 691 621

# with Corneal
Scarring 0 32 30 26 14 18

FIGURE 3. Kaplan-Meier plot of the cumulative proportion of

patients developing corneal scarring in 1 or both eyes during
5 years of follow-up.

Cumulative proportion of patients
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FIGURE 4. Percent of patients developing corneal scarring at
5 years as a FDACL and contact lens wear status. The incidence
rates differ slightly from those reported in Table 1 because of
a reduction in sample size because of the requirement of
a baseline FDACL measurement. *No patients in this group
developed corneal scarring.

Thalainen®® observed that corneal opacities were found
in “practically all” of the keratoconus patients who had
corneas with a flatter meridian steeper than 42 D, whether they
wore contact lenses or not. Maguen et al*' monitored 21 eyes
of 12 patients who were fitted with Polycon rigid gas
permeable contact lenses for 3 years (range of follow-up,
27-41 months). Forty-five percent of this cohort had mean
keratometric readings greater than 51 D. By the third year,
95% of eyes were fitted with central apical touch, and all eyes
had corneal staining. Results of these studies are generally in
agreement with our findings.

Many keratoconus patients with corneas steeper than
50 D wear contact lenses. Smiddy et al* studied 115 consecutive
keratoconus patients who had been referred for keratoplasty,
almost all of whom had corneas steeper than 50 D. Eighty-seven
percent (165 eyes) could be refitted for contact lenses, and only
13% of eyes could not be fitted and were referred for
keratoplasty. Of those refitted with contact lenses, 69% did
not need keratoplasty after an average period of 63 months
wearing contact lenses.

Given that many patients with corneas steeper than 50 D
continue to wear contact lenses and may not have keratoplasty,
it is important to understand the relationship between contact
lens wear, contact lens fit, corneal staining, and corneal
scarring in keratoconus. In their report of incident scarring in
a small treatment trial, Korb et al® reported that 4 of 7 eyes
fitted flat developed corneal scarring in 1 year, whereas no
eyes fitted with apical corneal clearance developed incident
corneal scarring. Steep keratometric readings in the study of
Korb et al ranged from 43.12 to 56.25 D. Two of the 4 corneas
that scarred had staining associated with the scarring. The
4 scarred eyes in their sample were fitted 3.25, 7.50, 8.25, and
12.12 D flatter than the steep keratometric reading, whereas
the unscarred eyes were fitted 0.25, 8.37, and 10.00 D flatter
than the steep keratometric reading with rigid gas permeable
contact lenses with 8.4-mm optic zone diameters. At baseline,
CLEK Study rigid contact lens wearers were fitted 2.86 = 3.31 D
flatter than FDACL on average, with a trend toward flatter
contact lens fittings being associated with steeper corneas.”
These data suggest that flatter fitting contact lenses may be
associated with corneal scarring. However, steeper corneas
are more likely to scar even without contact lens wear (Fig. 5).
Nevertheless, one cannot conclude that flat-fitting contact lenses
cause corneal scarring until prospective, controlled studies of
rigid contact lens fitting are performed.

In our multivariate analyses, flatter fit at baseline was
associated with an increased risk of incident scarring. Wearing
a contact lens of any type was associated with incident scarring
in multivariate analyses that adjusted for corneal curvature
(Fig. 5). The CLEK Study is the first to report an estimate of
incident corneal scarring in keratoconus as well as the first
study to identify risk factors for incident scarring. Multivariate
analyses strongly implicate contact lens wear in the causal
pathway of corneal scarring, even after statistical adjustment
for corneal curvature, corneal staining, and other baseline
factors. Patients wearing contact lenses at baseline, pre-
dominantly apical touch contact lens fit, had more than a
2-fold increase in the risk of corneal scarring at 5 years. CLEK
Study findings suggest that patients corrected by contact
lenses may need to be informed about the potential of corneal

All Eyes n= 878 OR 95% CI p —value
Age< 20 - } 6.34 (2.57—15.00) <0.0001
Corneal Staining -1 —_— 2.38(1.49—-3.76) 0.0002
FDACL> 52D - —_— 4.79(3.08 —7.45) <0.0001
Contact Lens Wear = —_— 2.50(1.40—4.76) 0.003
RGP Wearing Eyes n= 60!
Age< 20 — t 4.13 (1.24—12.74) 0.02
Corneal Staining | —_— 222(1.33-3.66)  0.002
FDACL> 52D - _— -
FIGURE 5. ORs (95% Cls) for base- g 3.95(2.07-6.08) < 0.0001
line factors predicting 5-year inci- Fat Fit (per diopter) "
dent corneal scarring for all patients perdiop 112(108=1.21) 0002
(n = 878) and a subset of patients T T T T T T T T T T T T

wearing rigid gas permeable contact o 1
lenses (n = 609).
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scarring as an adverse effect of contact lens wear even though
the effects of scarring are not clear. Whether apical clearance
would reduce the incidence of corneal scarring cannot be
answered by the CLEK Study because the study is observational
in nature. Patients in the CLEK Study were not randomized to
different contact lens fitting strategies, nor was a standard
contact lens fitting protocol followed. Rigorous comparison of
the safety and efficacy of apical clearance versus apical touch
lens fitting strategies would require a randomized clinical trial.
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APPENDIX

Clinical Centers

University of Alabama at Birmingham School of
Optometry, Birmingham, AL: William J. “Joe” Benjamin,
OD PhD (Principal Investigator), Carol Rosenstiel, OD (Co-
Investigator); Maria S. Voce (Study Coordinator); Brian
Marshall, OD (Co-Investigator, 1994-1995), C. Denise Pensyl,
OD MS (Co-Investigator 1994-2000)

University of California, Berkeley School of Optometry,
Berkeley, CA: Nina E. Friedman, OD MS (Principal In-
vestigator), Dennis S. Burger, OD (Co-Investigator), Kelly A.
McCann, MFA (Administrative Assistant), Pamela Qualley,
MA (Study Coordinator, 1994-2001), Karla Zadnik, OD PhD
(Principal Investigator, 1994-1996)

University Hospitals of Cleveland and Case Western
Reserve University, Department of Ophthalmology, Cleveland,
OH: Loretta B. Szczotka, OD MS (Principal Investigator), Beth
Ann Benetz, MA (Photographer), Ellen Burnside (Photogra-
pher), Stephanie Burke (Back-up Photographer), Janet Edge-
rton, COT (Technician), Patricia Kane (Back-up Photographer),
Jonathan H. Lass, MD (Co-Investigator), Kimberly L. Schach
(Study Coordinator), Stephanie M. Shaffer, MA (Study
Coordinator), Pamela A. Smith (Technician, 1999-2002),
Thomas Stokkermans, OD PhD (Co-Investigator), Kimberly
D. Supp (Technician, 1994-1999), Bonita Darby (Study
Coordinator, 1994-1996), Ellen M. Stewart (Photographer,
1995-1997), Laura A. Teutsch (Technician, 1995-1999)

Gundersen Lutheran, La Crosse, WI: John L. Sterling,
OD (Principal Investigator), Thomas M. Edwards, OD (Co-
Investigator), Janet M. Hess (Study Coordinator/Technician),
John D. Larson, OD (Co-Investigator), Jill A. Nelson (Study
Coordinator/Technician), John M. Sake (Photographer), Lorna J.
Plenge (Technician, 1995-2001), Eric M. Sheahan (Photog-
rapher, 1995-1999)

University of Illinois at Chicago Department of
Ophthalmology, Chicago, IL: Timothy T. McMahon, OD
(Principal Investigator), S. Barry Eiden, OD (Co-Investigator),
Charlotte E. Joslin, OD (Co-Investigator), Tina M. Laureano
(Study Coordinator), George A. Rosas (Technician), Brenda
Smith (Technician), Tim Ehrecke (Photographer, 1994-1995),
Mildred Santana (Technician, 1997), Jamie L. Brahmbatt
(Study Coordinator, 1994-2000)

Indiana University School of Optometry, Bloomington,
IN and Indianapolis Eye Care Center, Indianapolis, IN:
Colleen Riley, OD MS (Principal Investigator), Gerald E.
Lowther, OD PhD (Co-Investigator) Carolyn G. Begley, OD
MS (Co-Investigator), Donna K. Carter (Study Coordinator/-
Technician), Nikole L. Himebaugh, OD (Co-Investigator),
Pete S. Kollbaum, OD (Co-Investigator), Stephanie K. Sims
(Back-up Study Coordinator), Lee M. Wagoner, MHA (Study
Coordinator, 1996-2000)

Jules Stein Eye Institute UCLA, Los Angeles, CA: Barry A.
Weissman, OD PhD (Principal Investigator), Lilian L.
Andaya (Study Coordinator), Doris M. Boudaie, OD
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(Co-Investigator), Melissa W. Chun, OD (Co-Investigator), Ronit
Englanoff, OD (Co-Investigator), Elisabeth T. Lim (Techni-
cian), Louis Rosenberg, OD (Co-Investigator), Lisa A. Barnhart,
OD (Co-Investigator, 1995-2001), Karen K. Yeung, OD (Co-
Investigator, 1999-2001)

University of Missouri-St. Louis College of Optometry,
St. Louis, MO: Larry J. Davis, OD (Principal Investigator),
Edward S. Bennett, OD MSEd (Co-Investigator), Beth A.
Henderson, OD (Co-Investigator), Bruce W. Morgan, OD (Co-
Investigator), Patricia Sanders, BS (Study Coordinator), Janene R.
Sims, OD (Co-Investigator), Zansheree L. Blue (Study Co-
ordinator, 2000-2001), Monica J. Harris, OD (Co-Investigator,
2000-2001), Amber A. Reeves, MA (Study Coordinator, 1998-
2000), Bruce W. Morgan, OD (Co-Investigator), Nancy M.
Dugquette (Study Coordinator, 1995-1998)

State  University of New York State College of
Optometry, New York, NY: David P. Libassi, OD (Principal
Investigator), Ralph E. Gundel, OD (Co-Investigator)

Northeastern Eye Institute, Scranton, PA: Joseph P.
Shovlin, OD (Principal Investigator), John W. Boyle, OD (Co-
Investigator), J. Bradley Flickinger, OD (Co-Investigator), M.
Elizabeth Flickinger, OD (Co-Investigator), Stephen C.
Gushue (Photographer), Patricia McMasters (Study Coordi-
nator), Cheryl Haefele (Study Coordinator, 1994-2000),
Stephen E. Pascucci, MD (Medical Monitor)

Nova Southeastern University College of Optometry,
Ft. Lauderdale, FL: Heidi Wagner, OD (Principal Investigator),
Andrea M. Janoff, OD (Co-Investigator), Chris Woodruff, OD
(Photographer), Arnie Patrick, OD (Study Coordinator), Julie
A. Tyler, OD (Study Coordinator), Karla E. Rumsey, OD (Co-
Investigator 1995)

The Ohio State University College of Optometry,
Columbus, OH: Barbara A. Fink, OD PhD (Principal
Investigator), Lindsay Florkey (Study Coordinator), Gregory J.
Nixon, OD (Co-Investigator), Jason J. Nichols, OD MS (Co-
Investigator; Coordinator 1996-2001), Susan L. Sabers, OD
(Study Coordinator, 1994-1996), Lisa Badowski, OD MS (Co-
Investigator, 1995-1996)

Pennsylvania College of Optometry, Philadelphia, PA:
Joel A. Silbert, OD (Principal Investigator), Kenneth M.
Daniels, OD (Co-Investigator), David T. Gubman, OD, MS
(Co-Investigator, 1998-2000), Mary Jameson (Back-up Study
Coordinator), Theresa Sanogo (Study Coordinator)

Southern California College of Optometry, Fullerton, CA:
Julie Yu, OD (Principal Investigator), Raymond H. Chu, OD
(Co-Investigator), Timothy B. Edrington, OD MS (Co-In-
vestigator; Principal Investigator, 1994-2002), Eunice Myung,
OD (Co-Investigator), Julie A. Schornack, OD MEd (Co-
Investigator), Terry Y. Tsang, OD (Co-Investigator, 1998-2000)

University of Utah, John Moran Eye Center, Department
of Ophthalmology, Salt Lake City, UT: Harald E. Olafsson, OD
(Principal Investigator), Doug M. Blanchard (Photographer),
Deborah Y. Harrison, MS (Study Coordinator), Mark McKay,
OD (Co-Investigator), Paula F. Morris (Photographer), Kim
Wegner (Study Coordinator/Technician), Libbi A. Tracy, OD
(Co-Investigator, 1995-1998), Kate M. Landro (Study Co-
ordinator, 1995-1998), Lizbeth A. Malmquist (Technician,
1998), Marie Cason (Technician, 1995-1999), Craig M. Fehr
(Technician, 1997-1999)
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Former Clinical Centers

University of Texas at San Antonio Health Science
Center Department of Ophthalmology, San Antonio, TX
(1996). Julie A. Yu, OD (Principal Investigator), Beth Ann
Benetz, MA (Photographer), E. Joseph Zayac, OD (Principal
Investigator 1994-1996), Paul D. Comeau (Photographer
1994-1996), Ray V. Reil (Photographer 1994-1996), Sandra
J. Hunt (Technician 1994-1996)

Resource Centers

Chairman’s Olffice, The Ohio State University College of
Optometry, Columbus, OH: Karla Zadnik, OD PhD (Chair-
man), Jodi M. Malone, RN (Study Coordinator), Jeffrey J.
Walline, OD PhD (Optometrist), Dione Allen (Secretary,
1997-2000), Nora McFadden (Secretary, 2000-2002).

CLEK Photography Reading Center, The Ohio State
University College of Optometry, Columbus, OH: Joseph T.
Barr, OD MS (Director), Gilbert E. Pierce, OD PhD (Reader),
Marjorie J. Rah, OD PhD (Reader, based at the New England
College of Optometry), Mohinder Merchea, OD PhD
(Reader), Beth Ann Oglevee (Study Coordinator), Gloria
Scott-Tibbs (Study Coordinator), Robert Steffen, OD MS
(Reader 1994-1995), Roanne Flom, OD (Reader 1998-2001)

Coordinating Center, Washington University Medical
School, Department of Ophthalmology & Visual Sciences and
the Division of Biostatistics, St. Louis, MO: Mae O. Gordon,
PhD (Director), Joel Achtenberg, MSW (Senior Research
Analyst), Patricia A. Nugent (Data Assistant), Teresa A.
Roediger (Project Manager), Kenneth B. Schechtman, PhD
(Statistician), Brad S. Wilson, MA (Statistical Data Analyst),
Michael Richman (Project Manager, 1994-1996)

CLEK Topography Reading Center, Department of
Ophthalmology & Visual Sciences, University of Illinois at
Chicago, Chicago, IL: Timothy T. McMahon, OD (Director),
Robert J. Anderson, PhD (Biostatistician), Dasia Corado
(Reader), Michi Goto (Research Assistant), Thomas W.
Raasch, OD PhD (Consultant), Cynthia Roberts, PhD
(Consultant), George A. Rosas (Study Coordinator), Loretta B.
Szczotka, OD MS (Consultant), Mark Wright, MS
(Programmer/Analyst), Stephanie K. Schoepfer-Grosskurth
(Reader, 2001), Stephanie Walter Cooper (Reader, 1998)

Project Office, National Eye Institute, Rockville, MD:
Donald F. Everett, MA

Committees

Executive Committee: Karla Zadnik, OD PhD (Chair-
man), Joseph T. Barr, OD MS, Mae O. Gordon, PhD,
Timothy B. Edrington, OD MS, Donald F. Everett, MA,
Timothy T. McMahon, OD

CLEK Topography Analysis Group: Loretta B. Szczotka,
OD MS (Co-Chairman), Timothy T. McMahon, OD (Co-
Chairman), Robert J. Anderson, PhD, Nina E. Friedman, OD
MS, Larry J. Davis, OD, Thomas W. Raasch, OD PhD

Data Monitoring and Oversight Committee: Gary R.
Cutter, PhD (Chairman), Robin L. Chalmers, OD, Bruce A.
Barron, MD
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