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Abstract

Objective  To compare the sensitivity and specificity of corneal elevation maps obtained from different topographical reference surfaces used in the diagnosis of keratoconus.

Materials  In this prospective study, 40 eyes of 23 patients with keratoconus (keratoconus group) and 40 eyes of 25 refractive surgery candidates without keratoconus (control group)
and Methods  were included. Flat keratometry (K1), steep keratometry (K2) and apex curvature keratometry (Kmax) values were obtained for both groups using the Scheimpflug camera
system. Both anterior and posterior elevation maps were obtained from the spherical, aspherical and aspherotoric reference surfaces by assessing an 8 mm central corneal
area. Topographic data were used to determine a more sensitive and specific corneal elevation mapping method to use in the differentiation of normal and keratoconic

corneas.

Results ~ The ROC curve analysis showed that posterior elevation measured from the aspherical and aspherotoric surfaces had a higher area under the ROC curves (0.987, 0.973
respectively) than the value obtained from the spherical reference surfaces. According to the data obtained from the ROC curve analysis, the posterior elevation maps
obtained from the aspherical and aspherotoric reference surfaces had the highest sensitivity (97.5% for both) and the posterior elevation map obtained from the aspherical
reference surface had the highest specificity (90%).

Conclusion  The highest sensitivity and specificity values were obtained from the aspherical and aspherotoric reference surfaces compared to the spherical reference surface. When
compared to the anterior elevation values, the posterior elevation values were found to be more sensitive and specific. Therefore, aspherical and aspherotoric reference
surfaces and a posterior elevation map are seen more accurately in the differentiation of keratoconus and normal cornea.

Keywords ~ Cornea; Keratoconus; Scheimpflug camera; Reference surface selection; Corneal topography.

Amag  Keratokonus tamsinda kullanilan topografik referans haritalama yontemlerinin duyarlilik ve ozgiilliigiiniin karsilagtirilmast amaglanmugtur.

Geregve  Keratok lu23h 40 gozii (k k grubu) ile k k olmayan ve rastgele segilen refraktif cerrahi aday: 25 hastanin 40 gozii (kontrol grubu) Scheimpflug (Sirius CSO-Italy)
Yontemler  topografi cihaz1 ile analiz edildi. Her iki grup igin diiz keratometri (K1), dik keratometri (K2) ve apeks egrilik keratometri (Kmax) degerleri elde edildi. Sferik, asferik ve asferotorik referans
yiizeyler kullanilarak on ve arka korneal elevasyon haritalari (8 mm’lik santral korneal alanda) elde edildi. Normal ve keratokonuslu kornealarin ayriminda daha duyarl ve daha dzgiil olan

korneal elevasyon haritalama yontemini belirlemek igin topografik veriler kullanilds.

Bulgular ~ ROC egri analizlerine gore; asferik ve asferotorik yiizeylerden elde edilen posterior elevasyon verilerinin her ikisinin de keratokonusu saptamadaki duyarliligi (97,5%), sferik referans yiizey-
en yiiksek ozgiilliige (90%) sahip oldugu sonucuna ulasild.
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den elde edilen verilere gore anlamli olarak daha yiiksekti. Asferik referans yiizeyin k

Sonu¢  Galismaya gore yiiksek duyarlilik ve ozgiilliik degerleri asferik ve asferotorik referans yiizeylerden elde edildi. Posterior elevasyon degerleri ile anterior elevasyon degerleri kiyaslandiginda
posterior yiizeyin daha degerli oldugu goriildii. Bu yiizden asferik ve asferotorik referans yiizeyin keratokonusu saptamada posterior elevasyon ile birlikte daha dogru sonuglar verecegi
sonucuna ulagilds.

Anahtar
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INTRODUCTION
Keratoconus is the progressive ectasia of the cornea and
causes a decrease in visual acuity by leading to high my-
opia and astigmatism. An accurate and more sensitive
and specific method is crucial for diagnosis, follow-up
the prognosis of the disease and planning the treatment
options. The efficiency of diagnosis is more important in
refractive surgery cases that may develop postoperative

ectasia.!?

Corneal topography is currently the gold standard diag-
nostic method in keratoconus cases. Although some lim-
itations; placido disc-based corneal topographies have
been widely used for a long time. Placido-disc based to-
pographies only evaluate the anterior corneal surface and
measurements are greatly affected by the angle and po-
sition of the surface.> Many studies on keratoconus have
revealed that the morphological changes also occur on the
posterior corneal surface.>* It is now known that the mor-
phological changes begin to occur primarily on the poste-
rior corneal surface.” Corneal elevation change is one of
the most important parameters and there have been some

previous studies related to this issue.®®

Scheimpflug-based corneal tomography comprises a rotat-
ing camera and slit scanning system and provides both the
anterior and the posterior corneal surface elevation data.’
Early and accurate diagnosis of keratoconus is provided
by using Scheimpflug-based topographies and elevation
maps. The evaluation of the cases is done according to
reference mapping methods offered by topography de-
vices. One of the reference surfaces (spherical, aspherical,
aspherotorical) is chosen by the clinician for keratoconus
diagnosis and classification. Of them, aspherical reference
surface is usually preferred by most of the clinicians for

keratoconus diagnosis.

There have been few studies about the comparison of the
accuracy of the elevation data obtained from the spheri-

cal, aspherical and aspherotorical reference surfaces of the

anterior and the posterior elevation maps in the diagno-
sis and classification of keratoconus. This study aimed to
compare the sensitivity and specificity of various reference
surfaces used in corneal elevation maps to provide a more

accurate diagnosis of keratoconus.

MATERIALS and METHODS
This study was conducted at the Ankara Atatiirk Train-
ing and Research Hospital between June 2011 and August
2011. The study was carried out in accordance with the
principles of the Declaration of Helsinki, and approval of
the ethics committee was obtained (Ankara Atatiirk Edu-
cation and Research Hospital, 16.06.2011, no:68)

Patients diagnosed with keratoconus and patients candi-
dates for refractive surgery without keratoconus were en-
rolled in this prospective, methodological study. Control
group was consisted of randomly selected age and gen-
der-matched patients who admitted to the eye clinic for
refractive surgery and had no ocular surface pathology,

and a history of surgery/trauma.

40 eyes of 23 patients with keratoconus and 40 eyes of 25
refractive surgery candidates without keratoconus were
included in the study. Subjects over 40 years of age (for
both groups) and with history of previous eye surgery or a
history of systemic disease were excluded from the study.
Patients with any additional eye disease (glaucoma, corne-
al scar, dry eye, etc) and those with advanced keratoconus
were also excluded. Patients who used contact lenses were

examined 15 days after removing the lenses.

Comprehensive ocular examination, including best-cor-
rected visual acuity measurement with a Snellen chart,
slit lamp examination, topographic measurements using
a Scheimpflug camera system were performed in all sub-
jects. Keratoconus was diagnosed with clinical and topo-
graphic signs. In addition the topographic data, patients
had at least one clinical sign, including Munson sign, scis-

sor reflex during retinoscopy, Fleischer ring, Vogt striae,
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increased visibility of the corneal nerves, and Rizzuti sign.
For topographic measurements, Sirius Scheimpflug ana-
lyzer (Phoenix software, CSO-Italy) was used and meas-
urements were obtained by a single experienced examin-
er. Images were confirmed under a quality-specification
window and good-quality scans were included. Flat kera-
tometry (K1), steep keratometry (K2) values (in a central
corneal ring, 3 mm in diameter), and apex curvature kera-
tometry (Kmax) values (in 8mm central corneal area) were
obtained for both groups using the Scheimpflug camera
system. Both anterior and posterior elevation maps were
obtained from the spherical, aspherical and aspherotoric
reference surfaces by assessing an 8 mm central corneal

area.

Topographic data were used to determine a more sensitive
and specific corneal elevation mapping method to use in

the differentiation of normal and keratoconic corneas.

Statistical Analyses: Statistical analyses were performed
using SPSS v. 17.0 software. The corneal elevation values,
age, gender, and K values were used as variables. Numeri-
cal values were stated as mean + standard deviation (SD).
The parametric distribution of the continuous variables
in the keratoconus and control groups was confirmed by
the Kolmogorov- Smirnov test. The comparison of the two
groups in terms of continuous variables was analyzed us-
ing the t-test in the independent groups. The Chi-square
test was used for the gender comparison of the two groups.
The specificity, sensitivity, cut-off point and area under the
curve of height data obtained from all the reference surface
maps were calculated using receiver operator characteris-
tics (ROC) curves. A value of p< 0.05 was accepted as sta-

tistically significant.

RESULTS
There was no statistically significant difference between
the keratoconus group and the control group in respect of
demographics (age, gender) (p>0.05). The Control group
included 18 males (78%) and 5 females (22%) with a mean

age of 26.9+6.31 years. Keratoconus group was consisted
of 16 males (64%) and 9 females (36%) with a mean age of
23.7+8.16 years (Table 1).

Table 1. The main clinical and demographic findings of the kera-
toconus and control
Keratoconus Control

Male Female Male Female
Gender, n (%) 16(64) 9(36) 18(78) 5(22)
Age, years 23.748.16 269631
(meantsd)
Miyopi,
(meanzsd), (D) 5.05+1.85 4.43+1.54
Astigmatism,
(meanzsd), (D) 4.67+2.05 1.68+1.38
Munson sign (n) 2 1 0 0
Vogt stria (n) 3 1 0 0
Scissors reflex (n) 3 1 0 0
Fleischer ring (n) 2 0 0 0
Rizutti sign (n) 3 1 0 0
Corneal thickness
<500 pum, (n) 2 ! ! 0
D=Diopter

In the keratoconus group the mean K1, K2 and Kmax val-
ues were 50.35+7.6, 54.35+9.3, 58.64+9.32 D respectively.
In the control group, the K1, K2, and Kmax values were
41.94+1, 42.61£1.04 and 43.28+1 D respectively. There
was a statistically significant difference between the groups
in terms of K1, K2 and Kmax values (p<0.05, Table 2).

Table 2. The mean and standard deviation keratometry values of
the keratoconus and control group

Keratoconus | Control group
(n=40) (n=40) p values
K1 (D) 50.35+7.60 41.94+1.00 0.001
K2 (D) 54.35+9.30 42.61+1.04 0.001
Kmax (D) 58.64+9.32 43.28+1.00 0.001

tometry value

K1= flat keratometry, K2= steep keratometry, Kmax= apex kera-

The anterior and posterior corneal elevation values of the

keratoconus and the control group were assessed accord-

ing to the spherical, aspherical and aspherotorical refer-
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ence surface. The differences between the keratoconus
group and the control group were found to be statistically
significant in terms of the mean anterior and posterior el-
evation values obtained with all of the three reference sur-
faces (p<0.05) (Table 3).

Table 3. The mean anterior and posterior elevation values ob-
tained from different reference surfaces in the keratoconus and
control groups.

Keratoconus Control values

(n=40) (n=40) P

PE
Spherical 16.65+30.49 5.15+£2.97 0.020
(pm)
PE
Aspherical 53.07+24.14 6.97+2.30 0.001
(pm)
PE
Aspherotoric 53.10+24.70 5.80+2.45 0.001
(um)
AE Spherical | 1) 211056 | 1.50+1.01 0.001
(um)
AE
Aspherical 26.45+14.85 3.05£1.39 0.001
(pm)
AE
Aspherotoric 25.30£14.17 2.32+1.27 0.001
(um)
AE; Anterior elevation, PE; Posterior elevation

The cut-off point, sensitivity and specificity values of each
reference surface were analyzed and compared between
the groups (Table 4). As shown in Table 4, the highest sen-
sitivity and specificity values were obtained from the as-
pherical and aspherotorical reference surfaces rather than
the spherical reference surface. It was also observed that
posterior elevation values were found to be more sensitive

and specific than the anterior elevation values.

Table 4. The cut-off point, sensitivity and specificity values of the
anterior and posterior elevation maps obtained from different
reference surfaces.

Cut off Sensitivity | Specificity
point (um) (%) (%)
PE Spherical 7.5 75 80
PE Aspherical 9.5 97.5 90
PE Aspherotoric 7.5 97.5 80
AE Spherical 2.5 85 85
AE Aspherical 4.5 95 825
AE Aspherotoric 3.5 95 85

AE; Anterior elevation, PE; Posterior elevation

The predictive accuracy of the anterior and posterior cor-
neal elevation maps was defined as the area under the ROC
curves and it was high for the aspherical and aspherotor-
ical reference surfaces in the keratoconus group (p>0.90)
(Table 5).

Table 5. The estimated accuracy of the anterior and posterior
corneal elevation maps was defined as the area under the ROC
curves
Area Under the Standard Error
Curve
PE Spherical 0.819 0.057
PE Aspherical 0.987 0.012
PE Aspherotoric 0.973 0.023
AE Spherical 0.858 0.053
AE Aspherical 0.969 0.022
AE Aspherotoric 0.971 0.021
AE: Anterior elevation, PE: Posterior elevation

Statistical analysis results of both the posterior and anteri-
or elevation map values obtained with three reference sur-
faces in the keratoconus and control groups were plotted
as ROC curves in figures 1 and 2. Also, posterior elevation
maps for different reference surfaces of a patient are shown

in Figures 3,4 and 5.
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Figure 1 and 2. The statistical analysis results of both the posterior and anterior elevation map values produced from the three reference surfaces

in the keratoconus and control groups

‘osterior elevation

Figure 3

i —-
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Figure 5

Figure 4

Figure 3, 4, 5. Posterior elevation maps for different reference surfaces
of a patient

DISCUSSION
The results of this study demonstrated that the highest
sensitivity and specificity values were obtained from the
aspherical and aspherotoric reference surfaces rather than
the spherical reference surface. Also, our study results
showed that posterior elevation values were found to be
more sensitive and specific than the anterior elevation val-

ues.

Evaluation of the elevation values of the anterior and pos-
terior cornea obtained with Scheimpflug imaging systems
in keratoconus diagnosis has gained favor recently. Cor-
neal elevation analyses provide a better assessment of the

corneal surface due to the fact that these analyses are inde-
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pendent of the axis, orientation and position.'*"

In our study, the difference between the keratoconus and
control group was found to be statistically significant in
terms of both anterior and posterior elevation values ac-
cording to all three reference surfaces. In a study, anterior
and posterior corneal power, elevation and thickness val-
ues were analyzed with the Scheimpflug imaging system
and a significant difference was found between ectatic and
normal corneas in these parameters." Jafarinasab et al.
demonstrated that anterior and posterior elevation maps
measured with Galilei analyzer in the 3-mm zone can ef-
fectively discriminate keratoconus from normal corneas."
Ishii et al. stated that anterior and posterior corneal surface
elevation data obtained with elevation-based tomography
provide useful information to improve keratoconus diag-
nostic accuracy and to grade the severity of keratoconus.'®
The results of the current study are consistent with these
studies showing that the elevation data of the anterior and
posterior corneal surface are an important criterion in the
detection of keratoconus. However, there is no consensus
yet on which of the different reference surfaces is better
at the determination of keratoconus in elevation mapping.
The sensitivity and specificity of the elevation values in
the posterior elevation map to spherical, aspherical and
aspherotorical reference surfaces were 75%-80%, 97.5%-
90%, and 97.5%- 80% respectively. The areas under curve
(AUC) values of the spherical, aspherical and aspherotoric
maps of the posterior cornea were 0.819, 0.987 and 0.973,
respectively. Of the reference surfaces used in the posterior
elevation map, the aspherical and aspherotoric reference
surface measurements appeared to be more sensitive than
those of the spherical reference surface and the most accu-
rate reference surface was the aspherical reference surface.
According to the results of this study, posterior elevation
values were found to be more sensitive and specific than
anterior elevation values on aspherical and aspherotoric
reference surfaces. The advantage of the posterior surface
measurement is that it is not affected by tear film irregu-

larities. The assessment of the posterior cornea is impor-

tant in the diagnosis of keratoconus because epithelial
compensation may hide the cone formation on the ante-
rior surface.'” Various studies had shown that posterior
corneal elevation data were more accurate than anterior
elevation data and also that the aspherical and asphero-
toric reference surfaces were superior to the spherical ref-
erence surface in keratoconus detection. In a study per-
formed with Galilei dual Scheimpflug analyzer; different
reference surfaces were compared. It was reported that the
best-fit torical and aspherical reference surface were more
effective than the best fit spherical surface in forme fruste
and keratoconus diagnosis. They also reported that pos-
terior surface elevation maps relative to best-fit toric and
aspherical were more sensitive than the anterior surface
maps."® In a study by Kovacs et al., posterior corneal eleva-
tion was assessed using a Scheimpflug camera, and it was
reported that posterior corneal elevation maps could be
effectively used in discriminating keratoconic and normal
corneas. Furthermore, the toric ellipsoid reference surface
was found to be the most sensitive method in identifying
keratoconus.19Sideroudi et al. suggested that the toric el-
lipsoid reference surface, with a diameter of 8 mm and an
eccentricity of 0.4, should be used in the diagnosis and fol-

low-up of keratoconus cases.?

Assessing an aspherotoric normal cornea in relation to
an aspherotoric reference surface is expected to reveal
less topographic differences compared to spherical refer-
ence surfaces. In other words, the best-fit contact lenses
for a normal cornea would be contact lenses with an as-
pherotoric surface. Asphericity and toricity induce a rigid
pattern seen in elevation maps compared to the spherical
reference surface, therefore affect the precise assessment
of the elevation data."” This aspherotoricity becomes more
prominent in keratoconic cornea. Therefore, evaluation
of the aspherotoric reference surface minimizes the influ-
ence of the corneal aspherotoricity which could result in
miscalculation of the elevation data, and it also helps to
detect subtle differences on a normal aspherotoric corneal

surface.
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This study contained some limitations. Firstly there was a
limited number of patients and the patients were at differ-
ent stages of keratoconus which could affect the analysis
results. It is possible to obtain clearer results by carrying
out further studies involving a greater number of patients

of a similar stage and a larger control group.

In conclusion, the selection of an appropriate reference
surface is very important in the diagnosis and classifica-
tion of keratoconus in Scheimpflug systems. According to
the current study results, a topographic assessment of the
posterior cornea based on the aspherical and aspherotoric
reference surfaces appears to be more effective in deter-

mining keratoconus.
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