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Purpose: To analyze the evolution profiles of several corneal
topographic and tomographic parameters in progressive keratoconus and
compare them with the kinetics of evolution of anterior keratometry.

Methods: One hundred nine eyes of 55 patients were prospectively
enrolled and followed up every 3 months for at least 1 year. Forty-
five corneal parameters were measured at each visit using a combined
Placido-based and dual Scheimpflug imaging system. Percentage of
progression between each visit was calculated for each parameter
and comparisons were tested between the different variables.

Results: At 1 year, 11% (12/109) of eyes progressed with an
increase in maximum anterior keratometry of 1 D or more. Among
these eyes, the posterior maximum keratometry and vertical corneal
coma had a significantly higher percentage of progression (P, 0.05)
than the maximum anterior keratometry, 5.9%, 27%, and 3.2%,
respectively, and occurred significantly earlier than the modifications
of the anterior keratometry, at the third-, sixth-, and 12th-month
visits, for vertical corneal coma, posterior keratometry, and anterior
keratometry respectively.

Conclusions: Modifications of the posterior surface and corneal
vertical coma occurred earlier and were detectable before changes in
the anterior keratometry readings in eyes with progressive kerato-
conus. These parameters may be relevant warning signs when
monitoring progressive keratoconus.
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The monitoring of ectatic diseases over time [keratoconus
(KC) and post-laser in situ keratomileusis (LASIK) ectasia]

is a crucial issue because its progression naturally leads to loss

of vision that could be halted otherwise by available treatments
if appropriately recognized at early stages of progression.1,2

Although some variables have been suggested for
monitoring KC progression,3–5 there is still no consensus on
the most appropriate clinical, morphological, or biomechan-
ical parameter to track, to closely monitor the disease and
detect the earliest manifestation of progression. Interestingly,
most of the parameters used for the definition of progressive
KC are based on modifications of the anterior surface
(anterior keratometry and corneal astigmatism) and corneal
thinning,4–8 whereas it has been demonstrated over the past
few years that changes of the posterior surface and corneal
aberrations may be the first detectable manifestations of the
ectatic diseases.9–11 It seems therefore reasonable to question
the use of anterior corneal parameters alone as the gold
standard, to monitor the ectatic process and track the earliest
sign of progression, although posterior surface modifications
have been considered as a key parameter.

The objective of our study was to compare the
evolution profiles of various corneal parameters using
a combined Placido-dual Scheimpflug imaging system and
to determine whether parameters other than the current gold
standard [anterior maximum keratometry (AntKmax)] may be
more appropriate to monitor the progression of KC.

METHODS
This prospective study was conducted at the University

Hospital of Bordeaux, France, in the National Reference
Center for Keratoconus and approved by the Institutional
Review Board. The study was conducted in accordance with
the tenets of the Declaration of Helsinki.

Subjects
A total of 109 eyes of 55 patients were prospectively

enrolled in the study and imaged with the Galilei Dual
Scheimpflug Analyzer system (Ziemer Ophthalmic Systems
AG, Port, Switzerland) as part of their KC follow-up visits.

Eyes of patients who were referred to the National
Reference Center for Keratoconus for mild to moderate KC
were enrolled. KC was defined using previously described
criteria12,13: eyes with slit lamp findings such as Vogt striae,
Fleisher ring, scissoring on retinoscopy and/or topographic
signs such as inferior–superior dioptric asymmetry greater
than 1.4, inferior localized steepening, and skewing of the
steepest radial axes above and below the horizontal meridian
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greater than 20°. Patients were asked to discontinue soft and
rigid gas-permeable contact lenses, respectively, 1 and 2
weeks before the scheduled examination. Eyes that had
already undergone a specific treatment for KC, such as
intracorneal ring implantation or keratoplasty, as well as eyes
with marginal pellucid degeneration and post-LASIK ectasia,
measurements that did not satisfy the minimum quality
required by the imaging system, or eyes with advanced KC
with low potential of progression and/or poorly reliable
topography were excluded from the study. For patients who
became candidates for corneal collagen cross-linking over the
course of the study because of documented progression, data
were included until the last preoperative visit and then
removed from the data analysis.

Study Protocol
All patients received detailed preoperative ophthalmic

evaluation at their initial visit and at their sixth- and 12th-
month visits, including uncorrected visual acuity, best
spectacle-corrected visual acuity, manifest refraction, slit lamp
examination, applanation tonometry, fundus examination, and
a topo-tomographic evaluation using a combined Placido-dual
Scheimpflug imaging system. Topo-tomographic evaluation
was, however, performed every 3 months at each follow-up
visit as part of a scheduled protocol for monitoring
disease progression.

Dual Scheimpflug Analyzer System
and Procedure

Measurements were performed with the Galilei Dual
Scheimpflug Analyzer system (software version 5.2.1) ac-
cording to the manufacturer’s guidelines. The Galilei is
a rotating Scheimpflug tomography–based device combining
dual-channel Scheimpflug cameras and a Placido disk.

Placido and Scheimpflug data are acquired simultaneously.
Height data from the Scheimpflug images and slope data,
converted into height data from the Placido, are merged to
provide a surface fitted to the anterior corneal data, whereas
posterior corneal surface data are measured using edge
detection in images provided by the dual Scheimpflug system.

Simultaneously, the system allows for corneal aberra-
tion analysis separately from the aberrations of the lens and
displays the total higher order corneal wave front aberrations
calculated from the front and back surfaces.

Analyzed Parameters and Description
Forty-three parameters were extracted from the system

and can be briefly described as followed:

1. Anterior and posterior curvature–based parameters: Kmax,
directly recorded from the curvature map; simulated and
mean keratometry readings over the center (0–4 mm),
paracenter (4–7 mm), and periphery (7–10 mm); as well as
the anterior inferior-superior (I-S) value.12

2. Anterior and posterior elevation–based parameters:
Highest elevation value, elevation at the thinnest point,
and elevation at the Kmax location, within the 8-mm-
diameter zone, were measured with 2 different refer-
ence bodies: The best-fit sphere in float mode and the
best-fit toric and aspheric body were also measured.14

3. Corneal wave front–based parameters: Root mean
square (RMS) total corneal higher order aberrations
from the third to the sixth order as well as the RMS
spherical aberration Z (4,0), RMS vertical Z (3,21) and
horizontal Z (3,1) coma, and RMS total coma through
a 6-mm pupil size were recorded from the wave front
maps displayed in micronmeters.

4. Pachymetric (central and thinnest point) and biometric–
based parameters (corneal and anterior chamber volume).

TABLE 1. Demographic and Baseline Data in the Progressive and Nonprogressive KC Groups

Nonprogressive KC (n = 97) Progressive KC (n = 12)

Mean SD Range (Min; Max) Mean SD Range (Min; Max)

Anterior Kmax, D 49.2 4.7 43.6; 53.5 50.1 4.8 44.4; 53.5

Posterior Kmax, D 27.4 0.88 26; 28.9 27.5 0.9 26.8; 28.8

Corneal vertical coma, mm 0.8 0.66 0.3; 2.2 0.8 0.7 0.4; 1.4

K, keratometry.

TABLE 2. Statistical Significance of the Change Between Baseline and Follow-up Visit in the Different Parameters Within the
2 Groups

Follow-up Visit

M3 (n = 109) M6 (n = 103) M9 (n = 97) M12 (n = 95)

P in PG P in NPG P in PG P in NPG P in PG P in NPG P in PG P in NPG

Anterior Kmax 0.24 0.4 0.25 0.4 0.2 0.5 ,0.01 0.4

Posterior Kmax 0.78 0.6 0.05 0.4 0.01 0.4 ,0.01 0.5

Vertical coma 0.06 0.3 0.03 0.2 0.02 0.3 ,0.01 0.4

K, keratometry; M, month; n, number of eyes; NPG, nonprogressive group; PG, progressive group.
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Data Analyses and Statistics

Outcomes Measured
After 1-year follow-up, patients were divided into 2

groups: progressive KC, when an increase in Ant Kmax of at
least 1 D was noted, or stable KC when no change or less than
1 D increase was noted. At each visit, the value of the change
(D) and the percentage of progression (PP) were calculated
for all the parameters analyzed. The PP between the inclusion
visit and the follow-up visit was calculated as followed:

[(Value at follow-up visit X—Value at inclusion visit)/
Value at inclusion visit] · 100.

Step-by-Step Analysis
The first step involved comparing within each respec-

tive group (progressive and nonprogressive KC), changes and
PPs at each visit, between the gold standard, the Ant Kmax,
and the others variables. After this first step, we were able to
identify in the progressive group if there were variables that
underwent changes that were significantly greater and/or
occurred significantly earlier than the changes noted in Ant
Kmax. We then used this limited group of relevant variables
in the second step and compared their changes throughout the

year between the progressive and nonprogressive groups. Our
intention was to ensure that these changes were not random
and were statistically significantly different from the kinetics
observed in the nonprogressive group. Finally, we performed
in parallel, an additional analysis on 30 eyes to analyze the
SDs of the measurements for this group of variables.
Although already demonstrated in normal eyes,15 eyes after
refractive surgery,16 and keratoconic eyes,17 we considered
this step necessary for verifying if the value of the changes
experienced was greater than the SD of the measured
variable. Therefore, measurements were taken 3 times at
each visit, by the same operator, and the averaged value and
SDs were recorded. The value of a change was considered
reliable only if it was at least greater than twice the value of
the SD of the parameter measured.

Statistics
All statistical analyses were performed with STATA

(version stata9 software; StataCorp 2005). Normality in the
data samples analyzed was confirmed by using the Kolmo-
gorov–Smirnov test. Therefore, the Student t test was used for
comparing the variables at different time points, with P value
,0.05 chosen as the threshold of significance.

FIGURE 1. Evolution profile of
anterior maximal keratometry and
posterior maximal keratometry in
progressive KC over the first year
follow-up period.

FIGURE 2. Evolution profile of
anterior maximal keratometry and
corneal vertical coma in progressive
KC over the first year follow-up
period.
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RESULTS
This study included 109 eyes with KC from 55

subjects, including 19 females and 36 males, which were
retrospectively divided into 2 groups according to their
evolution: progressive KC (n = 12; 11%) and stable KC
(n = 97; 89%). The average age of all patients was 26.4 6 4.8
years (range 18–33). Baseline data of the subjects by groups
are summarized in Table 1. The 12 eyes that were docu-
mented with progression received a corneal cross-linking
procedure over the period of the study (4, 3, and 5 eyes,
respectively after the sixth-, ninth-, and 12th-month visit) and
were excluded from the analysis afterward accordingly.
Additionally, respectively, 6, 8, and 7 eyes were lost to
follow-up and/or missed the sixth, ninth, and 12th visits
(Table 2).

Identification of Potentially Relevant
Variables in the Progressive Group

After comparing the changes in AntKmax with the
changes experienced in the remaining 42 variables ana-
lyzed in the progressive group, only 2 variables, the
posterior maximum keratometry (PostKmax) and the cor-
neal vertical coma, were identified as potentially relevant

because of the consistently different progression profiles.
Their changes and PPs in the progressive group were both
greater in magnitude than the changes noted in the
AntKmax throughout the first year (Figs. 1, 2), whereas
in the nonprogressive group, the kinetics of evolution had
a similar profile between the 3 variables, with no significant
difference observed at any time point (Fig. 3). Addition-
ally, significant changes in the parameter were noted earlier
in both vertical coma (at the third-month visit) and
posterior K (at the sixth-month visit), than in anterior K
(only at the 12th-month visit) as shown in Table 2.

Comparisons of the changes in AntKmax with those in
PostKmax and vertical coma in the progressive group are
summarized in Table 3.

Differences Between the Progressive and
Nonprogressive Groups

Changes and PPs were statistically significantly differ-
ent for the 3 variables between the progressive and non-
progressive groups; however, this difference between the 2
groups occurred significantly earlier in both vertical coma
(third-month visit) and PostKmax (sixth-month visit), than
in AntKmax (12th-month visit), as illustrated in Table 4.

FIGURE 3. Evolution profile of
anterior maximal keratometry, pos-
terior maximal keratometry, and
corneal vertical coma in non-
progressive KC over the first year
follow-up period.

TABLE 3. Comparison of the Percentage of Progression of the Anterior Kmax in Progressive and Nonprogressive KC with that in
the Posterior Kmax and Corneal Vertical Coma: Statistical Significance at Different Time Points

Follow-up Visit

M3, % (P) M6, % (P) M9, % (P) M12, % (P)

PG (n = 12) NPG (n = 97) PG (n = 12) NPG (n = 97) PG (n = 12) NPG (n = 97) PG (n = 12) NPG (n = 97)

Anterior Kmax 0.4 (NA) 0.02 (NA) 0.7 (NA) 0.16 (NA) 1.1 (NA) 0.26 (NA) 3.2 (NA) 0.5 (NA)

Posterior Kmax 0.1 (0.2) 0.2 (0.4) 1.5 (0.17) 0.12 (0.6) 2.1 (0.18) 0.12 (0.6) 5.9 (0.03) 0.28 (0.5)

Vertical corneal coma 15 (,0.01) 1.2 (0.47) 21 (,0.01) 1.2 (0.2) 23 (,0.01) 2.2 (0.4) 27 (,0.01) 1.2 (0.5)

%, percentage of progression between baseline and the follow-up visit; K, keratometry; NA, not applicable; NPG, nonprogressive group; P, statistical significance of the difference
between the percentage of progression of the anterior Kmax and the other variables posterior Kmax and vertical corneal coma; PG, progressive group.

Bold values indicate statistical significance.
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Additionally, no significant changes between baseline and
successive follow-up visits were noted in any of the 3
parameters within the nonprogressive group (Table 2).

SD Analysis for PostKmax and Vertical Coma
The magnitude of changes in PostKmax and vertical

coma in the progressive group was found to be more than
twice the magnitude of their SDs. Mean values and SDs for
AntKmax, PostKmax, and vertical coma are summarized in
Table 5.

DISCUSSION
Although early diagnosis of KC has been extensively

studied,9,10,17 because it allows identification of eyes with
a potentially progressive corneal disorder, interestingly, the
optimal approach for monitoring ectatic disease and

detecting the first warning signs of progression has still
not been established. Therefore, the aim of this study was
to analyze the evolution profiles of different corneal
parameters in both progressive and nonprogressive KC, to
identify variables that may be subsequently considered as
potential warning signs of a progression state.

Although a current leading hypothesis is that KC
may be first detectable at the posterior surface,9,10,14,18,19 in
part due to the potential of corneal epithelium to smooth
corneal anterior topographic irregularities,20,21 surpris-
ingly, the gold standard to define a progressive state and
to recommend a cross-linking procedure to halt the disease
still remains the anterior keratometric changes.1,7 In the
present study, after 1 year of follow-up, 4 major findings
were observed: first, 2 variables, the PostKmax and the
corneal vertical coma, were considered of particular
interest for monitoring compared with all other variables
included in the analysis, because their evolution profiles
were consistently different in magnitude and kinetics of
changes, than what was observed over the year with
AntKmax in progressive KC (Figs. 1, 2). Second, the PP
noted in both posterior curvature and vertical coma, in
progressive KC was greater than that in the anterior
keratometry already from the sixth month visit, although
at this time point, it was statistically significantly greater
only in the vertical coma (Table 3). Third, the onset of
these modifications occurred significantly earlier in the
posterior surface and vertical coma than in the anterior
surface, with significant changes occurring in the pro-
gressive group, at the third-, sixth-, and 12th-month visits,
respectively, for the vertical coma, posterior curvature,
and anterior curvature (Table 2). Finally, and to further
support the reliability of these findings in the progressive
group, the evolution profiles (magnitudes and PPs) of the
above-mentioned variables were statistically significantly
different from the values noted in the nonprogressive
group, respectively from the third- and sixth-month visit,
in the vertical coma and posterior curvature (Table 4). No
statistically significant differences were noted between the
posterior curvature changes, the vertical coma, and the
anterior curvature in the nonprogressive group. Addition-
ally, the magnitude of these changes were also considered
reliable and not random, because these values were at least
twice greater than the magnitude of their SDs when tested
independently (Table 5).

TABLE 4. Comparison of the Changes and Percentage of Progression in 3 Relevant Corneal Parameters Between Progressive
(n = 12) and Nonprogressive KC (n = 97)

Anterior Kmax, D Posterior Kmax, D Vertical Corneal Coma, mm

DP 6 SD (%) DNP 6 SD (%) P DP 6 SD (%) DNP 6 SD (%) P DP 6 SD (%) DNP 6 SD (%) P

M3 0.23 6 0.6 (0.4) 0.01 6 0.5 (0.02) 0.22 0.01 6 0.1 (0.1) 20.02 6 0.1 (0.2) 0.8 0.10 6 0.18 (15) 0.01 6 0.14 (1.2) 0.03

M6 0.3 6 1.3 (0.7) 0.08 6 0.6 (0.16) 0.09 20.12 6 0.1 (1.5) 20.01 6 0.1 (0.1) 0.04 0.14 6 0.2 (21) 0.01 6 0.1 (1.2) ,0.01

M9 0.5 6 0.3 (1.1) 0.13 6 0.6 (0.26) 0.08 20.16 6 0.1 (2.1) 20.01 6 0.1 (0.1) 0.01 0.16 6 0.1 (23) 0.018 6 0.13 (2) ,0.01

M12 1.6 6 0.6 (3.2) 0.26 6 0.5 (0.5) ,0.01 20.48 6 0.2 (5.9) 20.02 6 0.2 (0.3) ,0.01 0.22 6 0.25 (27) 0.01 6 0.2 (1.2) ,0.01

%, percentage of progression; K, keratometry; NP, nonprogressive KC; P, progressive KC; P, statistical significance of the comparison between the progressive and nonprogressive
group; D, Mean change from the inclusion (in diopters or micronmeters).

TABLE 5. Repeatability and Reliability of the Measurements of
the Variables Selected for KC Monitoring With the Placido-
Dual Scheimpflug Analyzer in KC, Normal Eyes, and Post–
Refractive Surgery

Anterior
Kmax, D

Posterior
Kmax, D

Corneal
Vertical Coma,

mm

Current study in KC
eyes (n = 30)

Mean 49.35 27.54 1.38

Mean of SDw 0.31 0.05 0.08

SD of the SDw 0.31 0.06 0.06

Increase factor with the
magnitude of the change at
12 mo

5.1 9.6 2.75

Yagci et al17

SDw in KC (n = 88) 0.37 NA NA

SDw in normal eyes (n = 62) 0.10 NA NA

Wang et al15

SDw in normal eyes (n = 20) 0.09 0.03 0.08

Savini et al16

SDw in post–refractive
surgery (n = 15)

0.12 0.03 NA

Increase factor, ratio between the magnitude of the change in the parameter at
12 months and the magnitude of its SD when tested.

K, keratometry; SDw, within-subject SD.
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These results, although observed in already labeled
KC patients, are consistent with the recent findings that
point out the key role of posterior surface and corneal coma
modifications in the diagnosis of early KC. Although
generally accepted for screening out ectasia-susceptible
corneas, surprisingly, none of these indices have ever been
used for monitoring the ectatic disorders and tracking down
the earliest signs of progression. With this study, we now
have demonstrated that significant modifications of the
posterior surface and vertical coma in progressive KC were
detectable before significant changes in the anterior surface
keratometry readings. However, a larger sample size
followed up for a longer period would still be needed in
order to identify reliable cutoff values of magnitude change
for drawing new recommendations when considering
a cross-linking procedure in suspicious progression. Nev-
ertheless, although observed over a moderate sample size,
interestingly, our rate of progression in this study was
slightly lower than what were reported in other studies. One
of the reasons for this discrepancy likely resides in the
difference between methodologies used in the studies,
including criteria used to define progression, stage of KC
observed at baseline, follow-up, and sample age. Choi and
Kim22 reported an average progression of 26.5% at
3.5 years, using an increase of 1.5 D in central keratometry
as the criterion for progression, but did not report the rate at
1-year follow-up. Similarly, Li et al.23 reported in a longi-
tudinal study a rate of 29.4% progression from clinically
normal fellow eyes to KC within the first 6 years. However,
Léoni-Mesplié et al24 reported within the first year, a pro-
gression rate similar to that reported by us using the same
criteria (increase in Kmax .1 D), but significantly greater
in children than in adults, 21% and 13%, respectively, thus
also highlighting the influence of age on the potential
of progression.

Although it has curiously not yet influenced the
recommendations for closely monitoring KC, progressive
changes at the posterior surface are already well identified
as a potential warning sign and indirect sign of corneal
weakening.25,26 Similar conclusions could be drawn from
the present finding, and the intervention of cross-linking
discussed whenever a progressive change at the posterior
surface and/or in the vertical coma is consistently observed
over 3 successive follow-up visits, even before modifica-
tions of the anterior surface are noted. In order to go even
further into the nomenclature, a new recognized and well-
accepted entity has been named “suspect keratoconus”
when the cornea shares similarities with an ectatic cornea,
including posterior surface asymmetry and higher coma
values than normal.19,27,28 This label ensures that we should
be careful before considering a LASIK procedure in such
corneas and that close monitoring with or without sub-
sequent photorefractive keratectomy should probably be
the recommended approach in those cases.29,30

Therefore, in a similar way, “suspicious progression”
should be diagnosed and monitoring frequency readjusted
more closely to discuss earlier the need for cross-linking,
whenever progressive changes of the posterior surface or
vertical coma are observed before reaching the generally

accepted threshold of anterior keratometry change that
defines the progressive state.
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