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Purpose: To develop a criterion for determining the topographic progression of keratoconus and to analyze the

prognostic factors of progression.

Methods: Medical records of 211 eyes of 128 patients who had been followed up for more than 2 years on three
or more occasions were retrospectively reviewed. Topographic parameters, including simulated K, corneal
astigmatism, irregular astigmatism at 3 and 5 mm, thinnest-point pachymetry, anterior and posterior elevation,
and inferior minus superior index, were used to determine topographic progression. Topographic progression
was determined by the greatest kappa value associated with progression to corneal graft surgery. Eyes were
separated into progressed and non-progressed groups on the basis of topographic progression. The associa-
tion of clinical factors with topographic progression, including demographic factors, contact lens use, corneal
erosion, and atopic history at the time of diagnosis, was assessed by logistic regression.

Results: When topographic progression was defined as five or more progressed topographic parameters, the
greatest kappa value (0.354) was obtained. Ninety-four of the 211 keratoconic eyes (44.5%) were identified
as topographically progressed. Age at diagnosis was significantly different between the progressed and non-
progressed groups (22.2 vs. 24.7 years, p = 0.014). Logistic regression revealed that younger age at diagnosis
was a risk factor for topographic progression (odds ratio, 0.948; 95% confidence interval, 0.907 to 0.991; p =

0.010).

Conclusions: We developed a criterion for evaluating topographic progression of keratoconus using diverse
topographic indices. Younger age at diagnosis was associated with topographic progression of keratoconus.
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Keratoconus is a progressive non-inflammatory disease
of the cornea characterized by central stromal thinning
that causes apical protrusion, irregular astigmatism, and
impaired vision. [1,2] Although the cause of keratoconus
remains unknown, many factors, including biomechanical
and molecular factors and mechanical trauma, have been
considered to contribute to the occurrence or progression
of the disease.

One controversial aspect of previous studies is that dif-
ferent criteria for progression have been used, including
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clinical progression to penetrating keratoplasty [3-12]. Pre-
vious studies have defined the progression of keratoconus
with diverse parameters, from the clinical progression that
necessitates penetrating keratoplasty to several topograph-
ic indices. As corneal topography provides the most effec-
tive means of evaluating morphologic change in patients
with keratoconus, several topographic parameters obtained
by Orbscan II (Bausch & Lomb, Claremont, CA, USA)
have been used [7,10,11], but there has been no consensus
on which parameters should be used for evaluation. Fur-
thermore, the number of parameters used in earlier studies
was so limited that diverse topographic changes indicating
progression of keratoconus could not be used to determine
progression.

We aimed to include many of the Orbscan II parameters
used in previous studies to determine keratoconus progres-
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sion. We investigated changes in eight such parameters
among patients followed-up for more than 2 years. Sub-
sequently, prognostic factor analysis was used to explore
factors associated with topographic progression of kerato-
conus.

Materials and Methods

A retrospective chart review of patients with keratoco-
nus who visited Seoul National University Hospital from
May 2005 to July 2009 was performed. Of these patients,
only those who underwent follow-up examinations where
Orbscan II topography was assessed over a 2-year interval
on three or more occasions were included. In total, 211 eyes
of 128 patients were assessed.

For all of the patients, age at diagnosis, sex, follow-up
period, presence of atopic or other systemic diseases, and
history of glasses/contact lens use and surgical treatment
were reviewed. If a patient had been previously diagnosed
with keratoconus at a separate institution, information ob-
tained at the first time of diagnosis was used for the analy-
sis. For the surgical treatment of keratoconus, penetrating
keratoplasty was performed in patients with advanced
keratoconus who had a best-corrected visual acuity of <20
/ 200 on the Snellen chart. In addition, lens refitting, in-
tolerance history, and duration of contact lens use (month)
were investigated.

All patients underwent complete ophthalmic examina-
tion, including visual acuity measurement, slit-lamp exam-
ination, and corneal topography assessment. Keratoconus
was diagnosed by identification of positive Rabinowitz
indices on topographic analysis by Orbscan II as well as
characteristic slit-lamp findings such as corneal thinning or
protrusion, Vogt’s striae, and Fleischer ring. Experienced
examiners using the manufacturer-recommended acquisi-
tion protocol performed all of the Orbscan I examinations.

To review topographic parameters used in previous stud-
ies, a MEDLINE search of the English language literature
from 1990 to 2010 was performed using the key words
“keratoconus” and “topographic progression.” Publications
before 1990 were identified by reviewing the references of
articles found during this search. All reports with five or
more patients with keratoconus were included and the top-
ographic parameters used to determine progression were
identified for each article. A table listing the criteria for
keratoconus progression in previous studies was generated.
Among the topographic indices used, simulated K (SimK),
astigmatism, irregularity index of 3 and 5 mm, thinnest-
point pachymetry, anterior and posterior elevation, and
inferior minus superior (I-S value) asymmetry were com-
mon [3-12]. Therefore, these eight parameters were used
for the topographic evaluation in this study.

These parameters were compared between the base-
line and last visit for each patient. If the value at the last
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visit was more than that at the baseline, the topographic
parameter was considered to have progressed except for
thinnest-point pachymetry for which a decreased value at
the last visit was considered indicative of progression. The
number of progressed parameters was calculated for each
patient and each case was determined to have progressed
or not based on the number of progressed parameters. For
example, if one case had more than a certain number of
progressed parameters, the case was determined to have
progressed.

The kappa (k) statistic was used to determine the critical
number of progressed parameters. When calculating the k
value, progression to keratoplasty, a previously used unam-
biguous criterion of keratoconus progression, was used as
a standard [8,9]. The calculation of the k value was based
on the difference between the extent of agreement with
the standard observed compared to the extent of agree-
ment expected due to chance alone. In order to determine
the critical number of progressed parameters for judging
topographic progression (ranging from 1 to 8), the k value
was calculated, and the criterion that produced the greatest
k value was selected.

Logistic regression was performed to evaluate the prog-
nostic factors associated with topographic progression.
Age at diagnosis, sex, duration of contact lens use, follow-
up period, severity at initial presentation (mild, mean K
<45 diopters [D]; moderate, 45< mean K <52 D; and ad-
vanced, mean K >52 D) [11], and atopic disease were used
in the analysis. A p-value of <0.05 was considered statisti-
cally significant. Statistical analyses were performed using
the SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA).

Results

The demographic and clinical features of patients with
and without progression are shown in Table 1. This study
included 76 men and 52 women with a mean age of 23.4
+ 7.2 years (range, 12 to 48 years) at diagnosis. The mean
follow-up period was 41.8 + 13.3 months (range, 24 to 82
months). Table 2 shows the criteria for topographic pro-
gression and «k values for each criterion. As the greatest k
value was obtained when topographic progression was de-
fined using >5 topographic indices (k = 0.354), this criteri-
on was used for the evaluation of topographic progression
in all patients. Topographic progression of keratoconus
was thus detected in 94 (44.5%) eyes.

There was no difference in the distribution of sex and
history of atopic diseases between patients with and with-
out progression, but the mean age at diagnosis (22.23 + 5.65
vs. 24.65 + 7.87 years) was significantly different between
the two groups (p = 0.049). The severity of keratoconus at
baseline, determined by SimK, was not significantly as-
sociated with topographic progression. Furthermore, there
was no significant difference in follow-up period between
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Table 1. Comparison of clinical features and treatment methods between patients with and without progression

Clinical characteristics Progression (n = 94) No Progression (n = 117) p-value’
Male : female 55:39 (59 :41) 69 : 48 (59 : 41) 1.0
Age of diagnosis 22.23+5.65" 24.65+7.87 0.049
Follow-up period (mon) 43.1+124 40.7+£14.0 0.214
History of atopic disease 12 (12.8) 15 (12.8) 0.991
Severity of keratoconus 7:54:33% 6:69:42 0.787
Treatment

Glasses prescription 10 (10.6) 11 (9.4) 0.781

Contact lens use 76 (80.9) 98 (83.8) 0.487

Keratoplasty 38 (40.4) 8 (6.8) <0.001
Slit lamp findings

Central PEE 25 (26.6) 33 (28.2) 0.791

Values are presented as number (%) unless otherwise indicated.
PEE = punctate epithelial erosion; D = diopters.

p-values were obtained by chi-square test for nominal or interval variables and Student’s #-test for continuous variables; "Mean + stan-
dard deviation; *Mild (mean K <45 D) : moderate (45< mean K <52 D ) : severe (mean K >52 D).

Table 2. Criteria for topographic progression and kappa values

No. of progressed indices >1 >2 >3 >4 >5 >6 >7 >8
Kappa value 0.053 0.098 0.197 0.298 0.354 0.210 0.063 -0.007
groups (43.1 + 12.4 months in the progressed group vs. 40.7 eters (all p <0.05).

+ 14.0 months in the non-progressed group).

To evaluate associations between topographic progres-
sion and treatment methods, the percentage of glasses-
wearing, contact-lens-wearing, and surgically-treated
patients was compared between the progressed and non-
progressed groups. This comparison revealed that treat-
ment method was not associated with topographic progres-
sion (Table 1). Furthermore, the duration of contact lens
use was not significantly different between groups (36.7 +
26.5 months in the progressed group vs. 42.4 + 25.7 months
in the non-progressed group). Moreover, the proportion of
patients with keratoconus progression was not significantly
different between patients who used contact lenses for
more than 2 years and those who did not (41.1% vs. 55.9%).
No findings on slit-lamp examination were associated with
keratoconus progression. More specifically, the frequency
of central punctate epithelial erosion was not significantly
different between progressed and non-progressed cases
(Table 1).

Table 3 shows the means and standard deviations of the
Orbscan II parameters at baseline and at the last examina-
tion based on topographic progression. All topographic
indices in the eyes with topographic progression showed
progression at follow-up, whereas the indices, except for
thinnest-point pachymetry, improved in eyes without topo-
graphic progression. The degree of progression, defined as
the change of topographic values from baseline to follow-
up examination, was significantly greater in the progressed
group than in non-progressed group in the eight param-
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Clinical characteristics such as age at diagnosis, sex,
contact lens use, duration of contact lens use, the pres-
ence of central epithelial erosion on the cornea, severity of
keratoconus, and a history of atopic disease were evalu-
ated by logistic regression for association with topographic
progression. Age at diagnosis was statistically significant
according to the forward method of logistic regression (p
= 0.010). The odds ratio (OR) was less than 1 (OR, 0.948,;
95% confidence interval, 0.907 to 0.991), which indicates
that younger age is a prognostic factor for topographic pro-
gression.

The results of the literature review are shown in Table
4. We identified nine studies that reported the indices used
for progression and their longitudinal changes. These stud-
ies used different criteria for keratoconus progression, but
some commonly defined progression in regards to corneal
graft surgery [9,13].

Discussion

This study defined topographic progression in eyes with
keratoconus using various topographic indices affected by
the disease. Criteria that showed the greatest agreement
with progression to corneal graft surgery were used to
evaluate each eye with keratoconus and the factors associ-
ated with topographic progression were investigated. As
a result, age at diagnosis was found to be associated with
topographic progression in patients with keratoconus. Lo-
gistic regression analysis suggested that younger age is a
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Table 3. Comparison of topographic parameters at baseline and follow-up examinations between patients with and without pro-

gression

With progression Without progression .
Index = = = = p-value for change

Baseline Follow-up Baseline Follow-up

Simulated K max 50.0+£4.7 52.1+54 52.1+6.1 51.1+£5.0 <0.001
Corneal astigmatism 39+£2.6 5.1+2.8 52+34 42+2.6 <0.001
Irregularity at 3 mm 55+2.7 6.2+25 63+29 5.1+2.7 <0.001
Irregularity at 5 mm 62+32 6.5+2.6 7.1+£3.2 6.0+2.8 <0.001
Thinnest-point pachymetry 438+70 428 +77 433+79 433+84 <0.001
Anterior elevation 29.4+18.5 34.9+£20.1 37.0+22.2 30.3+21.2 0.045
Posterior elevation 63.7+38.8 77.6+44.9 86.0+£41.5 71.2+45.6 <0.001
Inferior minus superior index 6.0+£3.6 7.0+£4.2 7.1+3.8 45+33 <0.001

"The topographic data at the last visit were utilized for the analysis; "The change of topographic values from baseline and follow-up were

compared between the two groups using Student’s #-test.

Table 4. Summary of criteria for keratoconus progression

Author Year NQ' ot el 2y FOHO.W_UP Indices used for progression el
patients (yr) period progressed case
Sahin et al. [7] 2008 79 31.6 24 mon Radius, semimeridian, elevation, pachym- NS
etry, tangential curvature, mean spheric
curvature at apex and thinnest/ center
point, SimK max, SimK min
Kang et al. [6] 2010 68 22.3 17.5mon SimK max, SimK min, astigmatism, NS
anterior/posterior elevation, corneal
thinnest/central pachymetry, anterior/
posterior best fit sphere value
Shirayama-Suzuki 2009 34 24.1 72 mon Regular astigmatism, asymmetry, and NS
etal. [18] higher-order irregularity component in
the central 3 mm zone.
Hwang et al. [11] 2010 107 Eyes 24.5 22.6/20.5° Sim Kmax, Sim Kmin, apical power, NS
mon astigmatic index, irregularity index,
anterior elevation
Weed et al. [9] 2007 364 Eyes  19/24 1,004 day Progression to corneal graft surgery 4%
Reeves et al. [13] 2005 131 Eyes 37.1 NS Progression to penetrating keratoplasty 45%
Lietal. [12] 2007 369 32/39"  4.0/3.8"yr Mean K (CK), I-S, and KISA values NS
McMahon et al. [17] 2006 1,032 38.9 8 yr Flat K (increase of >3.0 diopters) 24.1%
Oshika et al. [19] 2002 64 28.3 >l yr Spherical component, regular astigma- NS

tism, decentration component, and high
er order irregularity

SimK = simulated K; NS = not stated; CK = central K; I-S = inferior minus superior asymmetry; KISA = (CK) x (I-S) x (SimK, — SimK,)

x (skewed radial axis) x 100/300.

"Lens-wearing group/control group; 'Keratoconus relatives/normal controls.

risk factor for topographic progression.

There have been several reports of topographic progres-
sion in keratoconus [3,4,6,7,9-12]. However, all of these
studies have used different criteria to evaluate progression,
but these did not include diverse topographic parameters
affected by keratoconus. In addition, there has been no
trial to develop a criterion to determine the progression
of keratoconus. We believe that such a criterion could be
applied in clinical practice. Accordingly, we developed a
criterion using various Orbscan II topographic parameters
and subsequently validated the criterion by evaluating its

agreement with a standard, progression to surgical treat-
ment. We chose progression to surgical treatment as the
standard because it has been used as a criterion of progres-
sion in previous studies [8,9] and because it is unambigu-
ous and widely applicable in studies of keratoconus. Addi-
tionally, if a criterion was developed based on progression
to corneal graft surgery, such a criterion may be useful for
predicting the possibility of corneal graft surgery in the
future.

In this study, the k value obtained by defining the crite-
rion of progression as greater than five progressed indices
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was 0.354. A commonly cited scale was used to interpret
the « value [14,15] and the value showed fair agreement
between the criterion and progression to corneal graft sur-
gery. As our criterion was based on progression to corneal
graft surgery, the frequency of penetrating keratoplasty
was significantly different between eyes with and without
topographic progression. More extensive discussion of the
most appropriate standard for keratoconus progression
is required and further studies should develop a criterion
with greater agreement.

The benefits of using a number of progressed indices
are as follows. First, it is easily applied when evaluating
topographic progression in clinical practice because evalu-
ation does not require any calculation. Instead, by counting
the number of progressed corneal topography parameters,
clinicians can determine topographic progression in an eye
with keratoconus. Second, the criterion using the number
of progressed indices can minimize potential misinterpre-
tation of progression caused by erroncous indices. Corneal
topography can produce errors that can mislead interpreta-
tion of topographic progression. Furthermore, if some pa-
tients show progressive changes in only a few indices and
if only these indices are used as a criterion of keratoconus
progression, bias can occur. Since it is less likely that such
errors would occur in multiple topographic parameters,
our criterion used eight parameters identified from previ-
ous studies.

Previous studies have also suggested that age is an im-
portant factor in progression of keratoconus [12,13,16,17].
Our study also showed that younger age at diagnosis is as-
sociated with increased risk of keratoconus progression. In
previous clinical studies, the mean age of patients differed
(Table 4), therefore in addition to other criteria for progres-
sion, age should be carefully considered in patients with
keratoconus when interpreting data. In clinical practice,
age at diagnosis should be carefully considered and pre-
cautions against progression should be taken for younger
patients such as adolescents and young adults. However,
there might be temporal difference between the age of on-
set and that of diagnosis. This study is limited in that age
of onset, a more appropriate clinical characteristic, was
not analyzed. However, in order to minimize the temporal
difference between the two time points, the first time at
diagnosis was used to reduce bias.

In conclusion, we developed a criterion for topographic
progression of keratoconus and our findings suggest that
younger age at diagnosis is a prognostic factor. In clinical
practice, clinicians can envisage the course of keratoconus
in individual patients based on age. Our criterion can pre-
dict the need for surgical treatment in the future and thus
facilitate decisions on surgical treatment.
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