IJKECD
10.5005/jp-journals-10025-1016
Relevance of a New Integral Keratoconus Grading System for the Outcomes of Intracorneal Ring Segment Implantation

ORIGINAL ARTICLE

Relevance of a New Integral Keratoconus Grading
System for the Outcomes of Intracorneal Ring
Segment Implantation
Jorge L Alio, Neus Burguera-Gimenez, Alfredo Vega-Estrada

ABSTRACT
Purpose: To report a new grading system of Keratoconus
according to visual limitation and to provide the intrastromal
corneal ring segments (ICRS) outcomes that can be expected
based on preoperative visual impairment.
Keywords: Keratoconus, Cornea, Corneal dystrophy, Ferrara
rings, Femtosecond laser, Intacs, Intrastromal corneal ring.
How to cite this article: Alio JL, Burguera-Gimenez N, VegaEstrada A. Relevance of a New Integral Keratoconus Grading
System for the Outcomes of Intracorneal Ring Segment
Implantation. Int J Kerat Ect Cor Dis 2012;1(2):79-86.

assessment of the cornea which is unpredictable due to
response of keratoconic eyes18-20 and not the visual function
of the patients.
We report herein a study which describes a detailed
clinical characterization of keratoconus21 to define a new
classification system based on the functional performance
of the patient’s vision. In addition, we analyzed the
therapeutic consideration related to success of implanting
ICRS for the management of keratoconus,22 based on the
new classification that takes into consideration the
performance of the visual system of the patient.
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INTRODUCTION
Keratoconus is an ectatic corneal disorder characterized by
a progressive corneal thinning that results in corneal
protusion, irregular astigmatism and decreased vision.1 It
is one of the most common corneal diseases, the prevalence
and the annual incidence in the general population is 54 to
230 and 2 per 100,000, respectively.1-3 Clinical signs depend
on the severity of the disease, moderate to advanced
keratoconus cases can be diagnosed easily and symptoms
are clearly observed by the patients with a significant
distorsion accompained by profound visual loss. Incipient
and subclinical keratoconus require an accurate diagnosis
and symptoms may not appear.
The management of this pathological condition can be
achieved by rigid gas permeable contact lenses,3 corneal
collagen cross-linking,4 intrastromal corneal ring segment
(ICRS) implantation5 or keratoplasty.6 The aim of ICRS
surgery is to induce a geometric change in the central
curvature, thus improving the refractive status of the patient.
Several grading systems have been described in the
literature in order to classify the severaty of keratoconus.7
Nevertheless, most of these grading systems have been
developed taking into account the topographic morphology
of the disease, the corneal keratometry readings and corneal
aberrometry,8,9 without considering other clinical data that
are closely related with the visual disability caused by
keratoconus.10-17 Thus, the success or failure of implanting
ICRS for the treatment of KCN have been analyzed in most
of the cases taking into consideration the geometric

PATIENTS AND METHODS
Patients
This multicenter retrospective study compromised a total
of 776 consecutive keratoconic eyes of 507 patients and
611 eyes of 361 patients treated with ICRS implantation.
All the cases were included after a retrospective review of
all cases with the diagnosis of keratoconus in different
ophthalmologic centers.
The presence of keratoconus was diagnosed using the
corneal topography and the slit-lamp examination. The data
was recorded when an asymmetric bow-tie pattern with or
without skewed axes and at least one keratoconus sign, such
as stromal thinning, conical protrusion of the corneal at the
apex, Fleischer ring, Vogt striae or anterior stromal scar.1
Cases implanted with ICRS (Keraring, Mediphacos Ltd, and
Intacs, Addition Technology Inc) using either femtosecond
laser technology or mechanical corneal dissection were
included. Patients with previous ocular surgery or an active
disease were excluded from the study. The ICRS
implantation was indicated when patients had poor
motivation to wear contact lenses or contact lens intolerance.
Following the tenets of the Helsinki declaration,
informed consent to include their clinical information in
scientific studies was taken from the participants. In
addition, institutional ethical board committee approval was
obtained.
Examination Protocol
A comprehensive ophthalmologic examination was
performed in all cases. The examination included
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uncorrected distance visual acuity (UDVA), corrected
distance visual acuity (CDVA), manifest refraction (sphere
and cylinder), slit-lamp biomicroscopy, Goldmann
tonometry, fundus evaluation, ultrasonic pachymetry
(DHG500 US Pachymeter, DGH Technology, Inc.) and
corneal topographic analysis. Three corneal topography
systems were used for corneal examination: CMS 100
Topometer (G Rodenstock Instrument GmbH, Ottobrunn,
Germany), CSO (Costruzione Strumenti Oftalmici, Firenze,
Italy) and Orbscan IIz (Bausch & Lomb, Rochester, NY).17
The following topographic data were evaluated and
recorded: Corneal dioptric power in the flattest meridian
for the 3.0 mm central zone (K1), corneal dioptric power in
the steepest meridian for the 3.0 mm central zone (K2) and
mean corneal power in the 3 mm zone (mean K).
Corneal aberrometry was recorded and analyzed only
in eyes examined with the CSO topography system. The
device’s software (EyeTop 2005) automatically converts
the corneal elevation profile into corneal wavefront data
using Zernike polynomials with an expansion up to the
seventh order. In this study, the aberration coefficients and
root mean square (RMS) values were calculated for a 6.0
mm pupil in all cases. The corresponding root mean square
(RMS) values were calculated for the following types of
aberrations: Higher order (RMS HOA), coma-like (RMS
coma-like) (computed for third, fifth and seventh order
Zernike terms) and spherical-like (RMS Sph-like)
(computed for fourth and sixth order Zernike terms).
Corneal biomechanics were evaluated using the ocular
response analyzer (version 2.02). This device delivers an
air pulse to the eye which causes two applanation states.
The difference between these applanations is the corneal
hysteresis (CH). The corneal resistence factor (CRF) is
calculated using a proprietary algorithm and is related to
the elastic properties of the cornea.23
The internal astigmatism (IA) was calculated as the
vectorial difference between the refractive astigmatism
(calculated to the corneal plane) and the corneal
astigmatism. 24,25 IA is also known as intraocular, 26
lenticular,27 noncorneal astigmatism28 and ocular residual
astigmatism.
Surgical Technique
Surgical procedures were performed by two different
methods, mechanical dissection and femtosecond laser
assisted, such as in our previous reports.5,17,22,29 A total of
464 eyes (75.80%) were operated with femtosecond laserassisted technique, while the remaining 147 eyes (24.20%)
were performed with the mechanical dissection.
Regarding the ICRS type, Intacs (Addition Technology,
Inc, Fremont, California, USA) were implanted in a total of
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314 eyes (51.45%) whereas Kerarings (Mediphacos, Belo
Horizonte, Brazil) were implanted in 297 eyes (48.54%).
Level of Visual Limitation
Those patients who underwent to ICRS implantation were
divided into five groups according to this new grading
system based on the limitation of preoperative visual acuity.
In order to evaluate the efficacy of the surgical procedure it
was defined success and failure indices. These indices were
considered 6 months after surgery:
a. An improvement or a lost in one or more lines in UDVA
or CDVA.
b. A decrease/increase in 2 or more diopters of spherical
equivalent.
c. A decrease/increase of at least one micron of the RMS
corneal HOA or coma-like aberrations.
A best case group was defined taking into account
patients who were operated with femtosecond laser, keraring
ICRS and surgery planning performed by the same surgeon
(JLA, Vissum Alicane, Spain).
RESULTS
A new grading system21 was obtained after a consistent
linear predictive model of the visual limitation (CDVA) in
which were considered visual, refractive, pachymetric, IA,
topographic data, corneal aberrations and the corneal
biomechanical parameters (r2 = 0.71; adjusted r2 = 0.69;
Durbin Watson 1.60; p < 0.01).
The 25th, 50th, and 75th percentiles for the variable
CDVA were 0.9 (18/20), 0.65 (13/20) and 0.40 (8/20),
respectively. With a total of 776 eyes of 507 patients with a
mean age of 35.16 ± 11.90 (SD), 4 groups were formed
based on this percentiles: Group 1, CDVA better than 0.90;
group 2, CDVA between 0.9 and 0.65 (0.9  CDVA > 0.65);
group 3, CDVA between 0.65 and 0.40 (0.65  CDVA >
0.40); group 4, CDVA worse or equal than 0.40. Table 1
shows the visual, refractive, pachymetry, tonometry, IA,
and topographic data in these four groups. Statistically
significant between group differences were found in all
parameters (p  0.01) except intraocular pressure (IOP)
(p = 0.08). Table 2 shows the aberrometric data according
to the level of visual limitation.
Based on this classification, an accurate analyze of 611
eyes of 361 patients treated with ICRS, ranging in age from
10 to 73 years old (mean age: 35.15 ± 11.62 years) were
evaluated. A fifth group was created, group plus, CDVA
worse than 0.20 (4/20) and a modification in a group 4 (0.40
< CDVA  0.20) in order to include all the cases. A total of
37 eyes were classified as grade I (13.80%), 87 eyes as grade
II (32.46%), 74 eyes as grade III (27.61%), 43 eyes as grade
IV (16.04%) and 27 eyes as grade plus (10.07%).
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Table 1: Visual acuity, refractive, pachymetry, tonometry, IA, and topographic data according to
level of visual limitation
Parameter

Age (y)
Mean ± SD
Range
95% CI
UDVA
Mean ± SD
Range
95% CI
Sphere (D)
Mean ± SD
Range
95% CI
Cylinder (D)
Mean ± SD
Range
95% CI
K1 (D)
Mean ± SD
Range
95% CI
K2 (D)
Mean ± SD
Range
95% CI
Km (D)
Mean ± SD
Range
95% CI
AST (D)
Mean ± SD
Range
95% CI
IA (D)
Mean ± SD
Range
95% CI
IOP (mm Hg)
Mean ± SD
Range
95% CI
CCT (µm)
Mean ± SD
Range
95% CI

CDVA group

p-value*

Group 1
(CDVA > 0.90)

Group 2
(0.9  CDVA > 0.65)

Group 3
(0.65  CDVA > 0.40)

Group 4
(CDVA  0.4 )

32.69 ± 10.05
11 to 61
30.77 to 34.62

35.74 ± 12.40
14 to 77
33.55 to 37.94

33.28 ± 12.09
14 to 70
30.97 to 35.58

37.38 ± 11.74
15 to 64
35.51 to 29.25

0.01

0.27 ± 0.30
1.00 to 0.02
0.34 to 0.21

0.22 ± 0.37
0.9 to 0.017
0.27 to 0.17

0.12 ± 0.32
0.60 to 0.002
0.15 to 0.09

0.05 ± 0.25
0.80 to 0.001
0.08 to 0.04

<0.01

–1.67 ± 2.88
–11.00 to +11.50
–2.10 to –1.25

–1.91 ± 3.39
–18.00 to +4.75
–2.39 to –1.43

–2.50 ± 3.95
–15.00 to +6.00
–3.12 to –1.88

–4.76 ± 5.49
–23.00 to +6.00
–5.48 to –4.05

<0.01

–1.72 ± 1.34
–11.00 to 0.00
–1.92 to –1.53

–3.33 ± 2.06
–11.00 to 0.00
–3.62 to –3.04

–2.50 ± 2.46
–16.00 to 0.00
–4.90 to –4.13

–4.07 ± 2.57
–15.00 to 0.00
–4.41 to –3.74

<0.01

43.92 ± 2.14
33.71 to 53.46
43.61 to 44.24

44.65 ± 2.99
38.26 to 66.02
44.23 to 45.07

46.30 ± 3.79
38.22 to 59.11
45.71 to 46.90

49.51 ± 6.10
33.73 to 79.08
48.72 to 50.31

<0.01

46.22 ± 2.67
40.60 to 56.90
45.83 to 46.62

48.32 ± 3.63
41 to 70.16
47.80 to 48.83

51.37 ± 4.75
43.56 to 71.15
50.63 to 52.11

55.01 ± 7.30
41.50 to 90.12
54.06 to 55.96

<0.01

45.08 ± 2.23
40.35 to 54.49
44.75 to 45.40

46.48 ± 3.16
40.38 to 68.09
46.03 to 46.93

48.84 ± 4.00
41.15 to 62.30
48.21 to 49.47

52.27 ± 6.54
37.95 to 83.52
51.42 to 53.12

<0.01

2.30 ± 1.87
0.00 to 14.50
2.03 to 2.57

3.67 ± 1.97
0.33 to 11.78
3.39 to 3.94

5.07 ± 3.04
0.51 to 17.71
4.59 to 5.54

5.50 ± 3.26
0.34 to 20.50
5.07 to 5.92

<0.01

1.87 ± 1.87
0.02 to 12.12
1.59 to 2.14

2.49 ± 2.16
0.19 to 10.86
2.18 to 2.79

3.61 ± 3.59
0.18 to 19.18
3.04 to 4.17

4.13 ± 3.46
0.23 to 17.94
3.68 to 4.58

<0.01

12.57 ± 2.81
5 to 24
12.10 to 13.05

12.69 ± 2.94
6 to 28
12.20 to 13.17

12.23 ± 3.22
5 to 28
11.60 to 12.86

11.99 ± 3.21
5 to 32
11.45 to 12.52

0.08

502.39 ± 38.21
415 to 589
495.27 to 509.51

483.70 ± 52.61
321 to 606
474.61 to 492.80

460.00 ± 48.37
336 to 563
450.45 to 469.55

443.46 ± 61.98
219 to 605
432.86 to 454.05

<0.01

AST: Corneal astigmatism in the central 3.0 mm zone; CCT: Central corneal thickness; CI: Confidence interval; IA: Internal astigmatism;
K1: Corneal dioptric power in the flattest meridian in the central 3.0 mm zone; K2: Corneal dioptric power in the steepest meridian in the
central 3.0 mm central zone; Km: Mean corneal power in the 3.0 mm zone; UDVA: Uncorrected distance visual acuity
*Intergroup; all Kruskal-Wallis except CCT (1-way analysis of variance)

Visual Acuity, Spherical Equivalent, Keratometry
and Anterior Corneal Higher Order Aberrations
All groups showed an increase in UDVA from preoperative
mean value to postoperative. CDVA improved except in
grade I in which it decreased significantly from a mean
preoperative value of 0.97 ± 0.06 to a mean postoperative
value of 0.86 ± 0.18 (p < 0.01). Analysis of the mean
spherical equivalent (SE) showed a statistically significant
reduction in all grades of keratoconus 6 months after the
primary surgery (p  0.02). The flattest (K1), steepest (K2)

and mean keratometry (Km) readings also decreased
postoperatively in all grades (p  0.01). The anterior corneal
higher order aberrations (HOA) showed that even when
there was a postoperatively reduction in all types of
aberrations under investigation, only the RMS coma-like
in grade III was in the limit of statistically significance
(p = 0.05). Tables 3 to 5 shows the mean values of UCVA,
CDVA, SE, K1, K2, Km, RMS HOA, RMS coma-like and
RMS spherical-like by level of grade preoperatively and
after 6 months of follow-up.
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Table 2: Corneal aberrometry data according the level of visual limitation
Parameter

CDVA group
Group 1
(CDVA > 0.90)

Eyes (n)
HO RMS (µm)
Mean ± SD
Range
95% CI
Primary SA (µm)
Mean ± SD
Range
95% CI
Primary coma RMS (µm)
Mean ± SD
Range
95% CI
HO residual RMS (µm)
Mean ± SD
Range
95% CI
Spherical-like RMS (µm)
Mean ± SD
Range
95% CI
Coma-like RMS (µm)
Mean ± SD
Range
95% CI

p-value*

Group 2
Group 3
(0.9  CDVA > 0.65) (0.65  CDVA > 0.40)

Group 4
(CDVA  0.4 )

134

114

89

128

-

1.64 ± 1.18
0.22 to 6.93
1.29 to 1.68

2.43 ± 1.36
0.48 to 9.15
1.94 to 2.46

3.29 ± 1.50
0.46 to 7.14
2.81 to 3.49

4.36 ± 2.83
0.43 to 20.71
3.74 to 4.82

0.01

0.27 ± 0.30
1.00 to 0.02
0.34 to 0.21

0.22 ± 0.37
0.9 to 0.017
0.27 to 0.17

0.12 ± 0.32
0.60 to 0.002
0.15 to 0.09

0.05 ± 0.25
0.80 to 0.001
0.08 to 0.04

<0.01

–1.67 ± 2.88
–11.00 to +11.50
–2.10 to –1.25

–1.91 ± 3.39
–18.00 to +4.75
–2.39 to –1.43

–2.50 ± 3.95
–15.00 to +6.00
–3.12 to –1.88

–4.76 ± 5.49
–23.00 to +6.00
–5.48 to –4.05

<0.01

–1.72 ± 1.34
–11.00 to 0.00
–1.92 to –1.53

–3.33 ± 2.06
–11.00 to 0.00
–3.62 to –3.04

–2.50 ± 2.46
–16.00 to 0.00
–4.90 to –4.13

–4.07 ± 2.57
–15.00 to 0.00
–4.41 to –3.74

<0.01

43.92 ± 2.14
33.71 to 53.46
43.61 to 44.24

44.65 ± 2.99
38.26 to 66.02
44.23 to 45.07

46.30 ± 3.79
38.22 to 59.11
45.71 to 46.90

49.51 ± 6.10
33.73 to 79.08
48.72 to 50.31

<0.01

46.22 ± 2.67
40.60 to 56.90
45.83 to 46.62

48.32 ± 3.63
41 to 70.16
47.80 to 48.83

51.37 ± 4.75
43.56 to 71.15
50.63 to 52.11

55.01 ± 7.30
41.50 to 90.12
54.06 to 55.96

<0.01

CDVA: Corrected distance visual acuity; HO: High order; RMS: Root mean square; SA: Spherical aberration
*Intergroup comparison; all Kruskal-Wallis test

Tabla 3: Preoperative and postoperative outcomes after ICRS surgery according to the preoperative visual limitation
Parameters

Grade
II (0.90  CDVA > 0.65)

I (CDVA > 0.90)

UDVA
Mean ± SD
CDVA
Mean ± SD
SE (D)
Mean ± SD
K1 (D)
Mean ± SD
K2 (D)
Mean ± SD
Km (D)
Mean ± SD
RMS HO (µm)
Mean ± SD
RMS coma-like (µm)
Mean ± SD
RMS spherical-like (µm)
Mean ± SD

Pre

Post

p-value

Pre

Post

p-value

0.36 ± 0.26

0.45 ± 0.24

0.04

0.27 ± 0.21

0.44 ± 0.24

<0.01

0.97 ± 0.06

0.86 ± 0.18

<0.01

0.71 ± 0.08

0.75 ± 0.22

0.04

–2.86 ± 2.68

–1.76 ± 2.57

<0.01

–3.88 ± 3.58

–2.07 ± 2.68

<0.01

43.75 ± 2.95

41.95 ± 2.13

<0.01

45.09 ± 4.44

43.17 ± 4.47

<0.01

45.91 ± 3.87

44.71 ± 2.20

<0.01

47.41 ± 5.42

46.08 ± 5.25

<0.01

44.90 ± 2.96

43.35 ± 1.69

<0.01

46.24 ± 4.13

44.52 ± 4.41

<0.01

2.26 ± 1.28

1.80 ± 0.93

0.69

3.26 ± 1.79

3.01 ± 1.53

0.15

2.07 ± 1.20

1.60 ± 0.94

0.97

2.97 ± 1.52

2.76 ± 1.46

0.07

0.85 ± 0.51

0.74 ± 0.36

0.64

1.19 ± 1.14

1.10 ± 0.64

0.23

UDVA: Uncorrected distance visual acuity; CDVA: Corrected distance visual acuity; SE: Spherical equivalent; K1: Corneal dioptric power
in the flattest meridian in the central 3.0 mm zone; K2: Corneal dioptric power in the steepest meridian in the central 3.0 mm zone;
Km: Mean corneal power in the 3.0 mm zone; HO: Higher order; RMS: Root mean square
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Table 4: Preoperative and postoperative outcomes after ICRS surgery according to the preoperative visual limitation
Parameters

Grade
III (0.65  CDVA > 0.40)

UDVA
Mean ± SD
CDVA
Mean ± SD
SE (D)
Mean ± SD
K1 (D)
Mean ± SD
K2 (D)
Mean ± SD
Km (D)
Mean ± SD
RMS HO (µm)
Mean ± SD
RMS coma-like (µm)
Mean ± SD
RMS spherical-like (µm)
Mean ± SD

IV (0.40  CDVA> 0.20)

Pre

Post

p-value

Pre

Post

p-value

0.16 ± 0.14

0.24 ± 0.16

<0.01

0.13 ± 0.09

0.20 ± 1.55

<0.01

0.45 ± 0.53

0.57 ± 0.22

<0.01

0.27 ± 0.05

0.50 ± 0.22

<0.01

–5.25 ± 4.33

–2.82 ± 4.06

<0.01

–6.35 ± 5.04

–4.18 ± 5.42

<0.01

48.10 ± 6.00

44.56 ± 4.90

<0.01

51.41 ± 6.69

45.94 ± 4.62

<0.01

49.88 ± 6.71

47.68 ± 5.68

<0.01

51.89 ± 6.69

49.34 ± 5.74

<0.01

48.93 ± 5.67

44.52 ± 4.41

<0.01

51.65 ± 6.06

47.64 ± 4.87

<0.01

4.20 ± 2.39

3.84 ± 1.72

0.15

4.03 ± 1.95

3.43 ± 2.08

0.70

3.86 ± 2.23

3.47 ± 1.60

0.05

3.70 ± 1.91

3.00 ± 2.02

0.43

1.46 ± 1.17

1.53 ± 0.89

0.40

1.44 ± 0.83

1.52 ± 0.85

0.18

UDVA: Uncorrected distance visual acuity; CDVA: Corrected distance visual acuity; SE: Spherical equivalent; K1: Corneal dioptric power
in the flattest meridian in the central 3.0 mm zone; K2: Corneal dioptric power in the steepest meridian in the central 3.0 mm zone;
Km: Mean corneal power in the 3.0 mm zone; HO: Higher order; RMS: Root mean square
Table 5: Preoperative and postoperative outcomes after ICRS surgery according to the preoperative visual limitation
Parameters

Grade
Plus (CDVA  0.20)

UDVA
Mean ± SD
CDVA
Mean ± SD
SE (D)
Mean ± SD
K1 (D)
Mean ± SD
K2 (D)
Mean ± SD
Km (D)
Mean ± SD
RMS HO (µm)
Mean ± SD
RMS coma-like (µm)
Mean ± SD
RMS spherical-like (µm)
Mean ± SD

Pre

Post

p-value

0.05 ± 0.04

0.14 ± 0.14

0.03

0.09 ± 0.05

0.38 ± 0.26

<0.01

–7.43 ± 6.10

–3.93 ± 5.63

0.02

53.13 ± 8.10

47.73 ± 4.97

<0.01

55.68 ± 9.15

50.24 ± 5.11

<0.01

54.40 ± 8.00

48.81 ± 4.39

<0.01

6.03 ± 4.02

4.60 ± 2.72

0.11

5.53 ± 3.45

4.10 ± 2.56

0.11

2.16 ± 2.33

1.84 ± 1.37

0.20

UDVA: Uncorrected distance visual acuity; CDVA: Corrected distance visual acuity; SE: Spherical equivalent; K1: Corneal dioptric power
in the flattest meridian in the central 3.0 mm zone; K2: Corneal dioptric power in the steepest meridian in the central 3.0 mm zone;
Km: Mean corneal power in the 3.0 mm zone; HO: Higher order; RMS: Root mean square

Success and Failure according to
the Visual Limitation
Tables 6 and 7 show the distribution of the cases according
to the success and failure indexes as mentioned previously.
Patients with more advandced keratoconus are the ones that
gain more lines of CDVA.

DISCUSSION
For several years, the characterization of keratoconus was
carried out using different technologies,7,9-11,13-16 being
topographic analysis of the anterior corneal surface the main
tool. Taking the geometry and optical properties of the
anterior corneal surface into account, several indices,
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Table 6: Percentage of successes according to preoperative visual impairment
Grades

I
II
III
IV
Plus

Gain  1 line
UCDVA

Decrease  2
D SE

65.51%
67.21%
63.46%
73.07%
77.77%

36.11%
40.96%
50.00%
59.52%
60.00%

Gain  1 line
BCDVA
13.51%
49.42%
54.05%
81.39%
85.18%

Decrease  1
micron RMS-HOA
21.05%
16.21%
25.00%
29.41%
20.00%

Decrease  1
micron RMS
coma-like
21.05%
18.91%
28.57%
23.52%
20.00%

Table 7: Percentage of failures according to preoperative visual impairment
Grades

I
II
III
IV
Plus

Lost  1 line
UCDVA

Increase  2
DSE

14%
29.5%
21.15%
15.38%
5.55%

5.55%
10.84%
12.00%
7.14%
12.00%

algorithms, and even neural network aproaches have been
developed for keratoconus diagnosis and detection.9,10,16,30-33
Furthermore, a mathematic model has been described34 that
takes corneal elevation data to reconstruct the corneal shape.
Corneal biomechanics is also alterated in eyes with
keratoconus inducing changes in the geometry and the
optical properties of the anterior corneal surface, 15,35
posterior corneal surface,11,12,14-16 corneal volume36 and
pachymetry.21,36
We report a complete classification of the keratoconus
in a large population (776 eyes) considering not only
conventional clinical data but also anterior corneal
aberrations, internal astigmatism and corneal biomechanicals
properties and their correlation with patient’s visual
perception.21 In addition, we also analyzed the outcomes of
ICRS surgery22 for the management of the keratoconus
based on patient’s preoperative visual impairment.
In the first part of the current study, we analyzed
keratoconus of different severity (776) finding corneal
steepening, central thinning, corneal aberrometric increases
and significant toricity of the anterior corneal surface like
the classic definition of keratoconus describe.1 As the
corneal shape can be distorted easily, we found a reduced
mean value for the CH and CRF parameters but the
differences between mild and normal corneas were
minimum. For this reason, these parameters are poor
screening factors but they should be considered when
seeking to form a more detailed characterization. A large
mean internal astigmatism value was found, being bigger
than normal populations 37,38 and after laser in situ
keratomileusis.25 Taking into account that the patients
analyzed had transparent crystalline lens and internal
astigmatism results from the combination of the toric
components of the crystalline lens and the posterior corneal
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Lost  1 line
BCDVA
51.00%
29.88%
18.91%
9.30%
11.1%

Increase  1
micron RMS-HOA
10.52%
8.1%
14.28%
5.88%
0%

Increase  1
micron RMS
coma-like
10.52%
8.1%
17.85%
5.88%
0%

surface, we can conclude that the corneal posterior surface
is affected in keratoconic eyes as other authors have
reported.11-16
The mean keratometry (Km) is still considered a crucial
parameter for grading the severity of keratoconus and it
was significantly correlated with CDVA, corneal
astigmatism and internal astigmatism. Advanced
keratoconus presents large values of Km and consequently
worse CDVA, high corneal and internal astigmatism and
irregular corneal aberrometric profile. On the other hand,
moderate and mild keratoconus have lower values of Km
and the parameters mentioned above are also affected but
to a lesser extent. Corneal HOA play a relevant role in the
visual degradation but other factors, such as corneal
scattering or the optical degradation of the posterior corneal
surface must be observed in the final visual outcomes.
The aim was to determine whether keratoconus cases
could be differentiated according to visual limitation using
all available clinical data and how could be used this new
classification when we studied a treatment for the
management of keratoconus, such as ICRS surgery. Thus,
in the second part of the article, the success or failure of
this surgical technique was analyzed using keratoconus
classification based on the functional performance of the
patient’s visual system.22
The effectiveness of ICRS implantation has been studied
by a large number of authors5,18-20,39-45 and it has been
demonstrated that there is a flattening of the central cornea
after the procedure. We found a statistical reduction in the
Km in all the grades of keratoconus, being largest in those
cases with the most severe disease. 45 There was
a significant improvement in the UDVA after the
surgery20,39,40,44-47 and 65% of our patients gain at least
1 line.29,41,45,47,48 Patients classified as grade plus showed
JAYPEE
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Table 8: Classification of keratoconus according to the visual limitation
Parameters

Grades
I

CDVA (decima notation)
Km (D)
IA (D)
RMS coma-like (µm)
Corneal opacity

>0.90
<46.50
<2.50
<2.50
–

II
0.90 > 0.65
46.50 < 49.00
2.50 < 3.50
2.50 < 3.50
–

II
0.65 > 0.40
49.00 < 53.00
3.50 < 4.50
3.50 < 4.50
–

IV
0.40 > 0.20
53.00 < 57.00
4.50 < 5.50
4.50 < 5.50
–

V
0.20
>57.00
>5.50
>5.50
Yes

CDVA: Corrected distance visual acuity; Km: Mean corneal power in the 3.0 mm zone; IA: Internal astigmatism; RMS: Root mean square

the most significant increase, gaining in 77% of cases, 1 or
more lines of UDVA (Tables 6 and 7).
When we analyzed the results by level of CDVA we
found that patients with milder (grade I) form of keratoconus
had a decreament in the CDVA but other parameters, such
as SE, Km, RMS HOA, RMS coma-like and RMS sphericallike improve. Some authors39,40,43,44,46-49 describe that ICRS
implantation in keratoconus eyes results in an improvement
of the CDVA, however, in garde I we found somewhat
different to these previous reports. This might be related to
the fact that the degree of visual impairment has not been
considered. Besides, patients classified as grades II and III
improved in all the parameters but in terms of CDVA the
difference between preoperative and postoperative was less.
In addtion, the percentage of successes was lower in these
three first grades (Table 6). Nevertheless, the index of failure
was higher in patients with milder and moderate keratoconus
(Table 7). Postoperatively, grade IV and plus were the ones
that gain more lines of CDVA becoming one grade minus.
Patients with grade IV became grade III and patients with
grade plus became grade IV after the intervention. This
observation will also support the evidence that patients who
benefit the most of implanting ICRS for the correction of
keratoconus are those with the most advance form of the
disease.
CONCLUSION
The new classification (Table 8) of keratoconus, according
to the degree of visual limitation, allows us to know how to
better treat the keratoconus taking into account the patient’s
point of view and several relevant characteristic findings,
not only in the anterior corneal surface but also in the
posterior surface, corneal thickness and corneal
biomechanical properties. Therefore, it would be useful
especially in the most incipient cases of keratoconus
because, as we have seen, the implanting of ICRS in these
cases would not be advisable when we are not sure, if
patients will have an improvement of the visual
performance. Thanks to this new classification, we can carry
out an analysis of the ICRS surgery for the management of
the keratoconus, when the procedure should be performed
and which grade would be better.

REFERENCES
1. Rabinowitz YS. Keratoconus. Surv Ophthalmol 1998;42:297-319.
2. Romero-Jimenez M, Santodomingo-Rubidob J, Wolffsohnc JS.
Keratoconus: A review. Contact Lens & Anterior Eye 2010;33:
157-66.
3. Barnett M, J Mannis M. Contact lenses in the management of
keratoconus. Cornea 2011;30:1510-16.
4. Wollensak G, Spoerl E, Seiler T. Riboflavin/ultraviolet-ainduced collagen cross-linking for the treatment of keratoconus.
Am J Ophthalmol 2003 May;135:620-27.
5. Piñero D, Alio J. Intracorneal ring segments in ectatic corneal
disease—a review. Clin Experimen Ophthalmol 2010;38:
154-67.
6. Sutton G, Hodge C, McGhee CN. Rapid visual recovery after
penetrating keratoplasty for keratoconus. Clin Experiment
Ophthalmol 2008;36:725.
7. Keratoconus classification. In: Keratoconus: Guidelines for
diagnosis and treatment. Albertazzi R (Ed). Argentinian
Scientific Issues for the Keratoconus Society 2010:33-97.
8. Krumeich JH, Daniel J, Knülle A. Live-epikeratophakia for
keratoconus. J Cataract Refract Surg 1998;24:456-63.
9. Alio JL, Shabayek MH. Corneal higher order aberrations: A
method to grade keratoconus. J Refract Surg 2006;22:539-45.
10. Nilforoushan MR, Speaker M, Marmor M, Abramson J, Tullo
W, Morschauser D, et al. Comparative evaluation of refractive
surgery candidates with placido topography, Orbscan II,
Pentacam, and wavefront analysis. J Cataract Refract Surg
2008;34:623-31.
11. Schlegel Z, Hoang-Xuan T, Gatinel D. Comparison of and
correlation between anterior and posterior corneal elevation maps
in normal eyes and keratoconus-suspect eyes. J Cataract Refract
Surg 2008;34:789-95.
12. De Sanctis U, Loiacono C, Richiardi L, Turco D, Mutani B,
Grignolo FM. Sensitivity and specificity of posterior corneal
elevation measured by Pentacam in discriminating keratoconus/
subclinical keratoconus. Ophthalmology 2008;115:1534-39.
13. Sonmez B, Doan M-P, Hamilton DR. Identification of scanning
slit-beam topographic parameters important in distinguishing
normal from keratoconic corneal morphologic features. Am J
Ophthalmol 2007;143:401-08.
14. Ishii R, Kamiya K, Igarashi A, Shimizu K, Utsumi Y,
Kumanomido T. Correlation of corneal elevation with severity
of keratoconus by means of anterior and posterior topographic
analysis. Cornea 2012;31:253-58.
15. Tomidokoro A, Oshika T, Amano S, Higaki S, Maeda N, Miyata
K. Changes in anterior and posterior corneal curvatures in
keratoconus. Ophthalmology 2000;107:1328-32.
16. Piñero D, Alió L, Alesón A, Escaff M, Miranda M. Pentacam
posterior and anterior corneal aberrations in normal and
keratoconic eyes. Clin Exp Optom 2009 May;92(3):297-303.

International Journal of Keratoconus and Ectatic Corneal Diseases, May-August 2012;1(2):79-86

85

Jorge L Alio et al
17. Piñero DP, Alio JL, Barraquer RI, Uceda-Montañés A, Murta
J. Clinical characterization of corneal ectasia after myopic laser
in situ keratomileusis based on anterior corneal aberrations and
internal astigmatism. J Cataract Refract Surg 2011 Jul;
37(7):1291-99.
18. Intracorneal segments (INTACS) for the treatment of
asymmetric astigmatism of keratoconus: Decline of over two
years. J Fr Ophthalmol 2003;26:824-30.
19. Colin J, Cochener B, Savary G, Malet F. Correcting keratoconus
with intracorneal rings. J Cataract Refract Surg 2000;26:
1117-22.
20. Boxer Wachler BS, Christie JP, Chandra NS, Chou B, et al.
Intacs for keratoconus. Ophthalmology 2003;110:1031-40.
21. Alió JL, Piñero DP, Alesón A, Teus MA, et al. Keratoconusintegrated characterization considering anterior corneal
aberrations, internal astigmatism, and corneal biomechanics. J
Cataract Refract Surg 2011;37:552-68.
22. Vega-Estrada A, Alio JL, Brenner LF, Javaloy J, Plaza AB,
Barraquer RI, et al. Outcomes of intracorneal ring segments for
the treatment of keratoconus based on visual, refractive and
aberrometric impairment. In press, Ophthalmology.
23. Luce DA. Determining in vivo biomechanical properties of the
cornea with an ocular response analyzer. J Cataract Refract Surg
2005;31:156-62.
24. Alpins NA. New method of targeting vectors to treat
astigmatism. J Cataract Refract Surg 1997;23:65-75.
25. Alpins N. Astigmatism analysis by the Alpins method. J Cataract
Refract Surg 2001;27:31-49.
26. Holladay JT, Moran JR, Kezirian GM. Analysis of aggregate
surgically induced refractive change, prediction error and
intraocular astigmatism. J Cataract Refract Surg 2001;27:6179.
27. Gündüz A, Evereklioglu C, Er H, Heps‚ en IF. Lenticular
astigmatism in tilted disc syndrome. J Cataract Refract Surg
2002;28:1836-40.
28. Spiegel D, Widmann A, K€oll R. Noncorneal astigmatism
related to poly (methyl methacrylate) and plate-haptic silicone
intraocular lenses. J Cataract Refract Surg 1997;23:1376-79.
29. Shabayek MH, Alió JL. Intrastromal corneal ring segment
implantation by femtosecond laser for keratoconus correction.
Ophthalmology 2007;114:1643-52.
30. Smolek MK, Kylece SD. Current keratoconus detection methods
compared with a neural network approach. Invest Ophthalmol
Vis Sci 1997;38:2290-99.
31. Maeda N, Kylece SD, Smolek MK, Tomhson HW. Automated
keratoconus screening with cornel topography analysis. Invest
Ophthalmol Vis Sci 1994;35:2749-57.
32. Carvalho LA. Preliminary resutls of neural networks and Zernike
polynominals for classification of videokeratography maps.
Optom Vis Sci 2005;82:151-59.
33. Accardo PA, Pensiero S. Neural network-based system for early
keratoconus detection from corneal topography. J Biomed
Inform 2002;35:151-59.
34. Martinez-Finkelshtein A, Delgado AM, Castro GM, Zarzo A,
Alio JL. Comprative analysis of some modal reconstruction
methods of the shape of the cornea from corneal elevation data.
Invest Ophthalmol Vis Sci 2009;50:5639-45.
35. Gefen A, Shalom R, Elad D, Mandel Y. Biomechanical analysis
of the keratoconic cornea. J Mech Behav Biomed Mater 2009;
2:224-36.
36. Cerviño A, Gonzalez Meijome JM, Ferrer-Blasco T, Garcia
Resua C, Montes-Mico R, Parafita M. Determination of corneal
volume from anterior topography and topographic pachimetry:

86

37.

38.

39.

40.
41.

42.

43.
44.

45.

46.

47.

48.

49.

application to healthy and keratoconic eyes. Ophthalmic Physiol
Opt 2009;29:652-60.
Plech AR, Piñero DP, Laria C, Alesón A, Alió JL. Corneal
higherorder aberrations in amblyopia. Eur J Ophthalmol 2010;
20:12-20.
Huynh SC, Kifley A, Rose KA, Morgan IG, Mitchell P.
Astigmatism in 12 year-old Australian children: Comparisons
with a 6-year-old population. Invest Ophthalmol Vis Sci 2007;
48:73-82.
Coskunseven E, Kymionis GD, Tsiklis NS, et al. One-year
results of intrastromal corneal ring segment implantation
(KeraRing) using femtosecond laser in patients with keratoconus.
Am J Ophthalmol 2008;145:775-79.
Kymionis GD, Siganos CS, Tsiklis NS, et al. Long-term followup of Intacs in keratoconus. Am J Ophthalmol 2007;143:236-44.
Siganos D, Ferrara P, Chatzinikolas K, Bessis N, et al. Ferrara
intrastromal corneal rings for the correction of keratoconus. J
Cataract Refract Surg 2002;28:1947-51.
Zare MA, Hashemi H, Salari MR. Intracorneal ring segment
implantation for the management of keratoconus: Safety and
efficacy. J Cataract Refract Surg 2007;33:1886-91.
Kwitko S, Severo NS. Ferrara intracorneal ring segments for
keratoconus. J Cataract Refract Surg 2004;30:812-20.
Piñero DP, Alio JL, El Kady B, Coskunseven E, et al. Refractive
and aberrometric outcomes of intracorneal ring segments for
keratoconus: Mechanical versus femtosecond-assisted
procedures. Ophthalmology 2009;116:1675-87.
Ertan A, Kamburoglu G. Intacs implantation using femtosecond
laser for management of keratoconus: Comparison of 306 cases
in different stages. J Cataract Refract Surg 2008;34:1521-26.
Kubaloglu A, Sari ES, Cinar Y, Koytak A, et al. Intrastromal
corneal ring segment implantation for the treatment of
keratoconus. Cornea 2011;30:11-17.
Sansanayudh W, Bahar I, Kumar NL, Shehadeh-Mashour R,
et al. Intrastromal corneal ring segment SK implantation for
moderate to severe keratoconus. J Cataract Refract Surg 2010;
36:110-13.
Torquetti L, Berbel RF, Ferrara P. Long-term follow-up of
intrastromal corneal ring segments in keratoconus. J Cataract
Refract Surg 2009;35:1768-73.
Alió JL, Artola A, Hassanein A, Haroun H, et al. One or 2 Intacs
segments for the correction of keratoconus. J Cataract Refract
Surg 2005;31:943-53.

ABOUT THE AUTHORS
Jorge L Alio (Corresponding Author)
Medical Director, Keratoconus Unit, Vissum Corporation, Alicante
Spain, e-mail: jlalio@vissum.com,

Neus Burguera-Gimenez
Optometrist, Department of Keratoconus Unit, Division of
Ophthalmology, Vissum Corporation, Alicante, Miguel Hernández
University, Alicante, Spain

Alfredo Vega-Estrada
Ophthalmologist, Department of Keratoconus Unit, Vissum
Corporation, Alicante, Spain

JAYPEE

