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Abstract

e AIM: To examine the occurrence of commonly known

clinical signs of keratoconus (KC), Ze Fleischer ring,
prominent corneal nerves and thinning, among
unaffected family members of KC patients and healthy
control individuals.

e METHODS: Data of both eyes of 117 relatives of KC

patients having no manifest disease based on
videokeratography indices (KC relatives), and 142
controls were used for Pearson correlation and 7-test
statistics. Correlation of Fleischer ring, prominent corneal
nerves and central pachymetry data were tested with
each other and with videokeratography indices (KSI,
KISA, 3 and 6 mm Fourier asymmetry, and 1-S).

e RESULTS: A moderate correlation was found between

Fleischer ring and all examined topographical indices.
Most important correlation was present with 6 mm
Fourier asymmetry, and corneal pachymetry (/=0.272, P<
0.001; ~-0.234, ~P=0.027, respectively). Similar correlations
were found with prominent corneal nerves (/=0.234, P<
0.001 for 6 mm Fourier asymmetry and - =-0.235, FP=
0.0265 for pachymetry). KC family members who
exhibited Fleischer ring or prominent nerves had thinner
and more asymmetric corneas than those without
Fleischer ring or prominent corneal nerves (/~<0.05 for
pachymetry and topographic indices with 7-test and
Mann -Whitney rank sum test). Though rarely, Fleischer
ring and prominent corneal nerves occurred among
normal controls, indicating the existence of forme fruste
cases in the normal population. Control subjects, who
had corneal Fleischer ring or prominent nerves had
corneas more similar to KC than other controls (7-test:
increased KSI and KISA, ~# =0.048 and 0.012,
respectively).

e CONCLUSION: In KC family members and healthy

individuals, Fleischer ring and prominent corneal nerves
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are associated with features of KC and may suggest a
possibility of forme fruste KC. Searching for the possible
presence of Fleischer ring or prominent nerves on the
cornea may help in the decision whether or not to
diagnose subclinical KC in a borderline case.
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INTRODUCTION

K eratoconus (KC, OMIM #148300) is a progressive,
bilateral, primary ectatic disease of the cornea,

characterized by non-inflammatory thinning and conical

protrusion ™, In the general population, its estimated

@ but

depending on diagnostic criteria and ethnicity, it can reach

prevalence lies between 50 and 230 per 100 000

2.34%%5), KC is frequently an isolated condition, but it may
associate with other systemic or ocular disorders ™. There is
a well-recognised genetic component to KC, as evidenced by
twin P! and family studies %*; however, the etiology of the
disease is complex, multifactorial with both genetic and
environmental factors playing a role®'”.

Amsler ™ demonstrated similar but less pronounced corneal
topographical changes by Placido disc in relatives of KC
patients, and called this quite frequent phenomenon forme
fruste KC. He proved that classic and forme fruste KC
constituted the same entity and that must be considered in
genetic studies. Topographic examination of relatives of KC
patients revealed aggregation of asymmetric corneal patterns
and increased videokeratoscopy indices ™. Topographic
features similar to forme fruste KC were observed among
some refractive surgery candidates, especially among the
ones suffering from progressive keratectasia after the
intervention . Relatives of patients with KC have a high
prevalence of undiagnosed KC and KC traits, therefore,
keratorefractive surgery should be considered cautiously in
these individuals!*",

KC severity was found to be associated with an increasing
rate of slit-lamp biomicroscopic signs, Ze Vogt striae,
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Table 1 Characteristics of the examined 47 KC families and control individuals

KC families (n=47)

KC patients

KC family members Healthy controls®

No. of subjects
Age (a): X TS (range)

No. of subjects having additional central corneal pachymetry
measurements

No. of subjects having Fleischer ring

No. of subjects having prominent corneal nerves

49 (87 eyes) *
333 +£11.7 (15-64)

15 (27 eyes)

33 (71.7%)
7 (15.2%)

142 (279 eyes) ®
35.9+13.7 (14-74)

117 (233 eyes) *
41.3+18.6 (9-81)
45 (89 eyes) 26 (52 eyes)
36 (30.8%)
17 (14.5%)

3 (2.1%)
4 (2.8%)

All subjects underwent slit-lamp and topographic examination, and a subpopulation had additional central corneal pachymetry
measurements. * In two families, two members were affected. Data of operated eyes were excluded (3 and 5 probands underwent bilateral
and unilateral keratoplasty, respectively, and one relative had previous eye injury); °Five eyes having previous injuries were excluded;
“Controls were not significantly different from the members of KC families, concerning age (P=0.11) and gender distribution (P=0.153).

F leischer ring, prominent nerves, haze and thinning of the
cornea. Fleischer ring is present in most KC corneas whereas
prominent nerves are less frequent and specific for KC!,
Diagnosing forme fruste or subclinical KC is still challenging
in many cases. However, identifying such cases is necessary
both for genetic studies and screening potential high risk
refractive surgery candidates. In our previous work, we
observed the occurrence of Fleischer ring and prominent
corneal nerves in unaffected KC family members ¥. Forme
fruste KC is known to occur frequently among KC family
members, therefore many studies examine KC family
members to define subtle characteristics associated with
forme fruste or subclinical KC 5", In the present study, we
investigated the correlation of corneal Fleischer ring and
prominent nerves with videokeratographic signs of KC both
among unaffected family members and healthy control
individuals to find out if these signs can be used to better
identify forme fruste KC.

SUBJECTS AND METHODS

Subjects Our study's design followed the tenets of the
Helsinki Declaration with institutional research ethics board
approval, informed consent of patients and controls was
obtained before examination. KC families were recruited by
mailing letters to patients treated in our department for KC,
informing them about the aims of the study and asking for
participation of the relatives, too. Healthy controls were
recruited from students, personnel and patients of the
department with healthy corneas. All of the enrolled subjects
were Hungarian patients with Caucasian ancestry. Table 1
shows the groups of individuals enrolled in the study.
Non-affected KC family members were defined as having <
3 D astigmatism or <6 D spherical refractive error and not
having KC based on keratoconus severty index (KSI) or
KISA (values below 30% and 100%, respectively). None of
the family members had any of the known genetic
associations of KC (¢ Down syndrome, Marfan syndrome
ezc). Of 142 control individuals without family history of KC
and without history of corneal disease or eye surgery were
selected, with =<3 D astigmatism or <6 D spherical
refractive error. Only eyes that had no previous corneal injury

and surgery, including perforating keratoplasty, were
involved in the study.
Methods For each KC proband, diagnosis was based on
clinical examination, including measurement of visual acuity,
slit-lamp biomicroscopy, direct ophthalmoscopy, retinoscopy
and videokeratography.
All KC family members and control individuals consented
corneal topography, slit-lamp clinical examination, and 86
consented ultrasonic pachymetry (27 eyes of 15 KC patients,
89 eyes of 45 family members and 52 eyes of 26 controls;
Table 1).
By slit-lamp biomicroscopy, the presence of Fleischer ring in
the epithelium, prominent corneal nerves were searched for
in family members of KC patients and controls. Fleischer
ring was considered as present when at least 2 mm curved
paracentral subepithelial iron deposit (incomplete) or a
complete Fleischer ring was detected (Figure 1).
Videokeratography Topographic ~ examination  was
performed on both eyes of each study participant, using a
TMS-4 videokeratoscope (Tomey Corporation, Nagoya,
Japan). At least four images per eye were taken, discarding
those that were misaligned, out of focus or of poor quality.
Care was taken to avoid artifacts during the examination
which could be responsible for pseudokeratoconus images.
Data obtained from the best image of each eye, selected upon
the quality of the keratoscopy mires by visual inspection,
were used. Topographical images and parameters of operated
eyes were ignored.
Videokeratography indices of keratoconus Videokerato-
graphy indices yielded by the TMS-4 software and those
calculated from them were selected for further analysis.
KISA Values of KISA above 100 were taken to indicate
manifest KC, below 60 healthy eyes, and the interval
between the two being considered forme fruste cases!™.
Keratoconus severity index KSI expresses the severity of
the disease in percentage, ze KC suspect >15% , manifest
KC >30%",
Three and six milimeter Fourier asymmetry indices
Decentration (first harmonic) component, on mire rings 1-9,
923
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Figure 1 Slit -lamp and videokeratographic images of two

healthy control individuals A: Slit-lamp photography of a 39
year-old man who has corneal Fleischer ring (arrows) and prominent
nerves (arrowheads); B: Videokeratographic image of the same man
shows asymmetric corneal pattern; C: Slit-lamp photography of a 32
year-old woman who has corneal iron deposition, which did not
reach 2 mm length, therefore it was not considered as Fleischer ring
(arrow), but she has prominent corneal nerves (arrowheads); D:
Videokeratographic image of the same woman shows asymmetric

corneal pattern with skewed radial axis.

and rings 1-20 which approximately represent the central 3 or
6 mm of the cornea-*,

I-S Absolute values of the I-S (inferior-superior dioptric
asymmetry)™. [[-S]= 1.4 was considered abnormal.

Corneal pachymetry Corneal ultrasonic pachymetry was
used to measure the central corneal thickness on both eyes of
86 individuals: 15 KC probands, 45 non-affected relatives
and 26 controls (Table 1).

Statistical Analysis For calculating statistics, data of both
the right and left eyes of each individual were included. In
KC family members, 3 series of correlation statistics were
tested: the presence of Fleischer ring, central corneal
pachymetry data and the presence of prominent corneal
nerves, with one another and with videokeratography indices.
Correlation statistics were not performed in control
individuals because the low number of cases with Fleischer
ring or prominent corneal nerves. The presence of Fleischer
ring and prominent nerves in the cornea were binary
Central

videokeratography

variables. comeal pachymetry data and all

indices were continuous variables.
Correlation between variables was calculated using Pearson
P value and the

coefficient () were determined. Parameter values between

correlation  statistic, correlation
groups were compared with 7-test or Mann-Whitney rank
sum test. The program SigmaStat 3.5 version was used for
statistics and a=0.05 was the level of significance.

924

Table 2 Correlation statistics in KC relatives

Pearson correlation

Parameters
r P
Fleischer ring
Pachymetry -0.234 0.027
KSI 0.169 0.00958
KISA 0.155 0.0178
3 mm Fourier asymmetry 0.214 0.001
6 mm Fourier asymmetry 0.272 0.0000261
I-S 0.229 0.000419
Pachymetry
Prominent nerves -0.235 0.0265
KSI -0.377 0.000271
KISA -0.342 0.00104
3 mm Fourier asymmetry -0.425 0.0000328
6 mm Fourier asymmetry -0.427 0.0000303
I-S -0.338 0.00119
Prominent nerves
Fleischer ring 0.00437 0.947
KSI 0.237 0.000261
KISA 0.246 0.000148
3 mm Fourier asymmetry 0.228 0.000463
6 mm Fourier asymmetry 0.234 0.000308
I-S -0.0287 0.663

The presence of Fleischer ring in KC relatives showed significant
correlation with central corneal pachymetry data and all topographic
indices. Central corneal pachymetry data displayed significant
correlation with the presence of prominent nerves and all topographic
indices. The presence of prominent cormneal nerves showed significant
correlation with all topographic indices except for I-S. »: Correlation
coefficient.

RESULTS

Table 1 shows the characteristics of the examined population.
Controls were not significantly different from the members of
KC families, (2 =0.11) and gender
distribution (~=0.153). In KC patients, Fleischer ring was
detected in 71.7%, and prominent nerves of the cornea in

concerning age

15.2%. In KC family members, corneal Fleischer ring was
observed in 30.8% and prominent nerves were detected in
14.5%.

Among control individuals, Fleischer ring and prominent
nerves were not completely absent but occurred in 2.1% and
2.8%, respectively (Table 1; Figure 1).

Correlation statistics in KC relatives among KC family
members, there was a significant negative correlation
between central corneal pachymetry and Fleischer ring (7=
-0.234; Table 2). For each topographic index, there was a
significant positive correlation with Fleischer ring (Table 2).
These correlation results imply that Fleischer ring occurred in
thinner and more asymmetric corneas of KC relatives. There
was a significant positive correlation with prominent corneal
nerves for all topographic indices, except for I-S. Significant

negative correlation between prominent nerves and central
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Table 3 Comparison of groups of individuals in the studied population

Parameters of KC

3 mm Fourier

6 mm Fourier

family = members Pachymetry KSI KISA I-S
asymmetry asymmetry

() I

g‘;)h Fleischerring 510 97.(140.23) 620 (£15.94)  26137(£149780)  0.43 (£0.35) 0.67 (£0.54) 2.48 (£4.91)

m;h&“]t) Fleischer 530 17 432.00) 249 (£9.50) 19.02 (£91.67) 0.30 (£0.23) 0.43 (£0.30) 1.06 (£2.50)

P 0.017 0.010 <0.001 <0.001 <0.001 <0.001

nWe‘rti‘es (lf;;om‘“e“t 506.72 (£48.44) 1045 (£23.31)  566.07 (£2163.86)  0.50 (£0.43) 0.74 (£0.74) 1.41 (£2.07)

Without prominent

nerves (100) 527.96 (£31.79)  2.48 (+8.22) 13.24 (£28.19) 0.31 (£0.24) 0.47 (£0.31) 1.51 (£3.67)

P 0.083 0.006 0.467 0.002 0.008 0.349

nWe‘rti‘es (lggom‘“e“t 506.72 (£48.44)  10.45 (£23.31)  15.60 (£2163.86) 0.50 (£0.43) 0.74 (£0.74) 1.41 (£2.07)

Without prominent

nerves and without ~ 530.55 (£31.86)  2.02 (£8.17) 12.90 (£31.79) 0.28 (£0.21) 0.41 (£0.26) 1.03 (£1.50)

Fleischer ring (70)

P 0.024 0.001 0.907 <0.001 <0.001 0.029

KC family members having corneal Fleischer ring compared to those without Fleischer ring have significantly thinner corneas (s-test) and

higher values of all topography indices (Mann-Whitney rank sum tests).

KC family members with prominent corneal nerves compared to

those having no prominent nerves show significantly higher values of KSI, 3 and 6 mm Fourier asymmetry indices (Mann-Whitney rank
sum tests). KC family members having prominent corneal nerves compared to those without prominent nerves and without Fleischer ring

have significantly thinner corneas (z-test) and higher values of all topography indices except for KISA (Mann-Whitney rank sum tests).

corneal pachymetry data indicated that prominent nerves
were more likely to appear in thinner corneas (s=-0.235;
Table 2).

Central corneal pachymetry values negatively correlated with
(r<-0.3 for all indices,
correlation was the highest for Fourier asymmetry indices 3

and 6 mm s=-0.425, -0.427, respectively).

all examined topographic indices

There was no significant correlation between Fleischer ring
and prominent nerves in these corneas, indicating that
prominent nerves and Fleischer ring did not frequently occur
in the same individuals (Table 2).

In accordance with correlation statistics, siginificant
differences were found between relatives having or not
having clinical signs of KC, by /-tests. Table 3. shows that
relatives with Fleischer ring had significantly thinner corneas
and higher values of each videokeratography index compared
to those without Fleischer ring. Relatives with prominent
corneal nerves displayed higher KSI, 3 and 6 mm Fourier
asymmetry indices than those having no prominent nerves
(Table 3). Since Fleischer ring and prominent corneal nerves
were not frequently concomitant, comparison of corneas with
prominent nerves to all other family member corneas
including corneas with Fleischer ring- which were thinner
and more asymmetrical- yielded significant differences only
for KSI and 6 mm Fourier asymmetry. Accordingly, when
corneas of relatives with prominent nerves were compared to
those who had neither prominent corneal nerves nor Fleischer
ring significant differences were found for all parameters
except for KISA (Table 3).

Out of 142 control individuals, 1 had only Fleischer ring, 2
had both Fleischer ring and prominent nerves, 2 had only
prominent nerves. Correation statistics in this dataset was not
reliable because of low number of cases.

Control individuals with Fleischer ring and prominent corneal
nerves showed significantly higher values of KSI (.~=0.048)
and KISA (/2=0.012) indices, but were not significanly
thinner than controls without Fleischer ring and without
prominent nerves (~>0.1).
DISCUSSION
In our dataset of 47 sporadic KC families, occurrence of
Fleischer ring and prominent corneal nerves was observed on
corneas of unaffected relatives. Of these pathognomic clinical
signs, the most remarkable one was the corneal Fleischer ring
which was present in almost every third family member
(30.8%). This result is similar to the occurrence of Fleischer
ring detected in mild KC (27.27% in <45 D keratometry
readings) ™. In manifest KC, we found Fleischer ring in
71.7% of the patients, which is consistent with the results of
previous studies of 57% -87% 1. In the healthy control
population, Fleischer ring (2.1%), prominent nerves (2.8%)
and corneal asymmetry still occurred rarely (Figure 1). In the
examined population, Fleischer ring was mostly faint in the
corneas of KC family members and controls. To the best of
the authors' knowledge, this is the first study of an
examination of Fleischer ring and prominent corneal nerves
among unaffected relatives of KC patients.
Based on our correlation and 7-test results, the presence of
Fleischer ring and prominent nerves was associated with
features of KC. Family members who exhibited Fleischer
ring and prominent nerves had thinner and more asymmetric
corneas than those without Fleischer ring and prominent
nerves. In control subjects, corneas displaying a Fleischer
ring and prominent nerves were more similar to KC corneas
(shown by significantly higher KSI and KISA values), but
were not thinner than other normal corneas.
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Interestingly, prominent nerves and Fleischer ring did not
always occur together in the same cornea. It is well known
that these signs occur with unequal frequencies in KC ", It is
believed that KC is a complex disease, both genetic and
environmental factors playing a role in its pathogenesis .
Fleischer ring is supposed to develop as a consequence of
altered response of KC epithelial cells to oxidative stress™”.
studies
consistently have shown that even in mild KC, the subbasal

Recent comeal zz wvo confocal microscopy
nerve morphology is grossly abnormal 2. This might be
explained by altered regulation of nerve growth factor
receptor expression in the KC cornea .. These different
etiological factors might explain why Fleischer ring and
corneal nerves do not always occur together in KC or forme
fruste corneas.

It was unexpected to find Fleischer ring in normal controls.
Nevertheless,
incompletely developed KC, its occurrence in normal

supposing that forme fruste KC is an
controls is possible. A recent study reported the presence of
bilateral Fleischer ring in a subject who had only mild
topographic asymmetry, average central corneal thickness,
low myopia with stable refraction, normal best corrected
visual acuity and normal retinoscopic reflexes. The example
of this patient, who was considered as forme fruste KC,
indicated that this condition, Ze corneal iron ring can occur
without a positive family history and characteristic
topographic signs of KCF,
In our family members, minimal topographic alterations were
observed and associated with the presence of Fleischer ring
and prominent corneal nerves. One of the examined
parameters in this study was central corneal thickness
measured by ultrasound pachymetry. Central corneal
pachymetry alone is unreliable in the diagnosis of KC,
nevertheless, decreased thickness can be a good indicator of
similarity to KC and together with the videokeratographic
indices this parameter supported that Fleischer ring and
prominent nerves tend to occur in corneas more similar to
KC. However, the examination of the posterior corneal
surface and pachymetry with modern diagnostic methods ( Ze.
Scheimpflug imaging or Orbscan) would be helpful in future
studies, since the earliest signs of KC can be more accurately
detected with these techniques and correlations will be given
further impact with the addition of posterior topographical
information®'*%,
In spite of sophisticated imaging techniques, detecting
subclinical KC is still challenging in many cases. Identifying
subclinical/forme fruste cases, however, is important both for
genetic studies and selecting high risk refractive surgery
candidates ***, Based on our results, it can be suggested
that a thorough search for Fleischer ring and prominent
nerves in the cornea can help to decide whether or not to
diagnose subclinical KC in borderline cases.

926

ACKNOWLEDGEMENTS

Foundations: Supported by Hungarian National Research
Fund  Grants OTKA  F046321 and TAMOP-4.
2.1/B-09/1/KONV-2010-0007. Takécs L is recipient of the
Szodoray Fellowship of the University of Debrecen.
Conflicts of Interest: Kriszt A, None; Losonczy G, None;
Berta A, None; Takacs L, None.

REFERENCES

1 Krachmer JH, Feder RS, Belin MW. Keratoconus and related
noninflammatory corneal thinning disorders. Surv Oplittalmol 1984;28 (4):
293-322

2 Rabinowitz YS. Keratoconus. Surr Ophitthalmo/ 1998:42(4):297-319

3 Millodot M, Shneor E, Albou S, Atlani E, Gordon—Shaag A. Prevalence
and associated factors of keratoconus in Jerusalem: a cross—sectional study.
Cphthalmire Fprademio/2011;18(2):91-97

4 Romero-Jimenez M, Santodomingo—Rubido J, Wolffsohn JS. Keratoconus:
areview. Cout Lens Auterror £ye 2010;33(4):157-166; quiz 205

5 Tuft SJ, Hassan H, George S, Frazer DG, Willoughby CE, Liskova P.
Keratoconus in 18 pairs of twins. Aczz Ophttralmol 2012;90(6):e482-486

6 lhalainen A. Clinical and epidemiological features of keratoconus genetic
and external factors in the pathogenesis of the disease. Acia Oplitlialmol
Sipp/ 1986;178:1-64

7 Rabinowitz YS, Garbus J, McDonnell PJ. Computer—assisted corneal
topography in family members of patients with keratoconus. Az
Cphthalmo/ 1990;108(3):365-371

8 Wang Y, Rabinowitz YS, Rotter JI, Yang H. Genetic epidemiological
study of keratoconus: evidence for major gene determination. Az J Med
Gener 2000;93(5):403-409

9 Kriszt A, Losonczy G, Berta A, Vereb G, Takacs L. Segregation analysis
suggests that keratoconus is a complex non-mendelian disease. Aczz
Optitthalmol 2014;92(7):e562-568

10 Nielsen K, Hjortdal J, Pihlmann M, Corydon TJ. Update on the
keratoconus genetics. Acsz Ophittralmol 2013;91(2):106-113

11 Amsler M. Keratocone classique et keratocone fruste, arguments
unitaires. Ophithalmologrea 1946;111(2-3):96-101

12 Levy D, Hutchings H, Rouland JF, Guell J, Burillon C, Arne JL, Colin J,
Laroche L, Montard M, Delbosc B, Aptel I, Ginisty H, Grandjean H,
Malecaze F. Videokeratographic anomalies in familial keratoconus.
Optithalmology 2004;111(5):867-874

13 Seiler T, Quurke AW. Iatrogenic keratectasia after LASIK in a case of
forme fruste keratoconus. ./ Cutazact Retract Suzg 1998;24(7):1007-1009
14 Karimian I, Aramesh S, Rabei HM, Javadi MA, Rafati N. Topographic
evaluation of relatives of patients with keratoconus. Cozzez 2008;27 (8):
874-878

15 Steele TM, Fabinyi DC, Couper TA, Loughnan MS. Prevalence of
Orbscan II corneal abnormalities in relatives of patients with keratoconus.
CLin Experiment Oplithalmol 2008;36(9):824-830

16 Zadnik K, Barr JT, Gordon MO, Edrington TB. Biomicroscopic signs
and disease severity in keratoconus. Collaborative Longitudinal Evaluation
of Keratoconus (CLEK) Study Group. £o77¢2 1996;15(2):139-146

17 Kara N, Altinkaynak H, Baz O, Goker Y. Biomechanical evaluation of
cornea in topographically normal relatives of patients with keratoconus.
Cornea 2013;32(3):262-266

18 Hubbe RE, Foulks GN. The effect of poor fixation on computer-assisted
topographic corneal analysis. Pseudokeratoconus. Ophitthatmotogy 1994;
101(10):1745-1748



Int J Ophthalmol,
Tel:8629-82245172

Vol. 8, No. 5, Oct.18, 2015
8629-82210956

www. 1JO. cn
Email:ijopress @163.com

19 Rabinowitz YS, Rasheed K. KISA%
videokeratography algorithm embodying minimal topographic criteria for

1999:25 (10):

index: a quantitative

diagnosing keratoconus. J Citazact Retizct Surg
1327-1335

20 Smolek MK, Klyce SD. Current keratoconus detection methods
compared with a neural network approach. Zzwvesr Oplithalmol Vis Scr
1997;38(11):2290-2299

21 Hjortdal JO, Erdmann L, Bek T. Fourier analysis of video—keratographic
data. A tool for separation of spherical, regular astigmatic and irregular
astigmatic corneal power components. Optthalime Fhysiol Opr 1995;15(3):
171-185

22 Tanabe T, Tomidokoro A, Samejima T, Miyata K, Sato M, Kaji Y,
Oshika T. Corneal regular and irregular astigmatism assessed by Fourier
analysis of videokeratography data in normal and pathologic eyes.
Ophithalmology 2004;111(4):752-757

23 Rabinowitz YS, McDonnell PJ. Computer-assisted corneal topography
in keratoconus. Zeszact Corneal Surg 1989;5(6):400-408

24 Agrawal VB. Characteristics of keratoconus patients at a tertiary eye
center in India. ./ Optithalme Vis KRes 2011;6(2):87-91

25 Edrington TB, Zadnik K, Barr JT. Keratoconus. Optom €Ziz 1995;4(3):
65-73

26 Zadnik K, Barr JT, Edrington TB, Everett DF, Jameson M, McMahon
TT, Shin JA, Sterling JL, Wagner H, Gordon MO. Baseline findings in the
Collaborative Longitudinal Evaluation of Keratoconus (CLEK) Study. Zzses/
Optathedmol Vis Sci'1998;39(13):2537-2546

27 Joseph R, Srivastava OP, Pfister RR. Differential epithelial and stromal

protein profiles in keratoconus and normal human corneas. Zxp Zye fes
2011;92(4):282-298

28 Spadea L, Salvatore S, Vingolo EM. Corneal sensitivity in keratoconus: a
review of the literature. Sezentitic Wortd Joirnal/ 2013;2013:683090

29 Lambiase A, Merlo D, Mollinari C, Bonini P, Rinaldi AM, D'Amato M,
Micera A, Coassin M, Rama P, Bonini S, Garaci E. Molecular basis for
keratoconus: lack of TrkA expression and its transcriptional repression by
Sp3. Proc Natl Acad Ser U8 A 2005;102(46):16795-16800

30 Downie LE. Transiency of Fleischer's
keratoconus. Optittialimology2013;120(5):1101.e1-8

31 Fukuda S, Beheregaray S, Hoshi S, Yamanari M, Lim Y, Hiraoka T,

Yasuno Y, Oshika T. Comparison of three—dimensional optical coherence

rings in  Forme-Fruste

tomography and combining a rotating Scheimpflug camera with a Placido

topography system for forme fruste keratoconus diagnosis. A7/ Optitthalmo/
2013;97(12):1554-1559

32 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. Cozzex 2012;31(3):253-258

33 Moshirfar M, Smedley JG, Muthappan V, Jarsted A, Ostler EM. Rate of

ectasia and incidence of irregular topography in patients with unidentified

preoperative risk factors undergoing femtosecond laser—assisted LASIK.

Clin Optittalmol 2014;8:35-42

34 Randleman JB, Trattler WB, Stulting RD. Validation of the Ectasia Risk

Score System for preoperative laser in situ keratomileusis screening. Az ./

Opbthalao/ 2008;145(5):813-818

927



