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1. List of abbreviations

6A - hexagonality

ARTh - Ambrosio relational thickness to the horizontal profile
AS-OCT - anterior segment optical coherence tomography
BCVA i best corrected visual acuity

BSA - cornealback surface area at a central 5 mm region
CCT i central corneal thickness

CKI - cente keratoconus index

CYL - topografic cylinder

CV i coefficient of variation of corneal endothelial area
DA - deformation amplitude ratio

ECD i endothelial cell density

FSA - cornealfront surface area at a central 5 mm region
IHA - index of height asymmetry

IHD - index of height decentration

IR - integrated radius

ISV - index of surface variance

IVA -index of vertical asymmetry

KC i keratoconus

KCI - Klyce/Maeda keratoconus index

KI - keratoconus index

KPI - keratoconus prediction index

KSI - Smolek/Klyce keratoconus severity index



OST 1 ocular surface temperature

PCAT pachymetry at the apex of the cone
PCP1 pachymetry at the pupillary centre
PKP1 penetratingkeratoplasty

PMD i1 pellucid marginal degenation

RmB i cornealback surface radius of curvature
RmF i cornealfront surface radius of curvature
SAl - surface asymmetry index

SPAL- stiffness parametext applanation 1

SRI - surface regularity index

TKC T topographic keratoconus classification

UCVA i uncorrected visual acuity



2. Introduction

The cornea is the AwindshieldiA of the eye.
for good vision. Keratoconwmdkeratoglobus are ectatic cornealadisescharacterized

by bilateral,progressive corneal thinning and protrusi@arciaFerrer et al 2019)The

etiology of corneal ectatic ddasestill remains unknowrGenetical factorseye rubbing

atopc diseasgvernal keratoconjuntivitis, dry eyseasghay fever, asthmeould allbe

associated with the development of ectatic corneal dis¢@baesg et al, 2013; Kenney

MC et al, 2003; P8szt or PAIlteough &eratocou® dn6 ; We e C
keratoglobus & defined as noninflammatory corneal diseases, several stud@ssl

their potential inflammatory origit Lema | et al , 2009, Kol o0zsv¢

2.1 Keratoconus

Keratoconus (KC) wafirst described in 1854 (Notthingam 198#)s the most common

corneal ectasia, characterised by bilateral, asymmetric corneal degeneration, which leads

to thinning and protrusion of the corn@éennedy et al, 1986)his corneal protrusion

results in high myopia and astigmatism, affecting Visuelity (Kennedy et al, 1986)

The protrusion usually becomes apparent in the second decade of life, typically progresses

until the fourth decade, and then stabilig€abinowitz 1998) Its prevalence is
approximately 1:2000 in the Caucasian populatioat its exact aetiology remains

unknown. Although KC cases are sporadic, some studies have reported autosomal
domirant or recessive inheritance (Chang et al. 20E$¢ rubbing may be the most

important environmental factor related to the development aof K@refore, patients

with a history of atopy may have agher risk of developing KC (Weed et al, 2008)

Al t hough KC is-idéfiamemdtasya &édooneal di seas
reported a potential inflammatory origin. For example, proinflateny cytokines IL6,

IL-1 b, -ol,F Na n-dcouldb& measured the tear film of KC patientd_ema et al,

2009; Kolozsvs8ri et .al, 2014; P8sztor et al

Several biochemical theories have been proposed to explain corneal thinning resulting

from thel oss of corneal structur al component s



differences in collagen XliiM2 2 t t @ et al , 2006), XV, and
normal individuals and KC patienfM?2 2 t t 2@ e.tExcestive degradatidr of the
corneal stoma, as commonly observed in KC, may be caused by proteolytic enzyme
activity due to increased levels of proteases and other catabolic en@ukashi et al,

1994) Keratocytes in the corneas of KC patients hatienés as many interleukin (IL)

1 receptos as corneas in healthy indluals (Bereau et al, 1993)ccording to Stachon

et al. (Stachon et al, 201 the agueous humour of KC patients, urea and prolactin are
decreased and free tiroxin (fT4) increased, whereas the uric acid concentratiors remain
unchanged. The urea cycle plays an important role in stable collagen synthesis through
hydroxyproline production, which is responsible for collagen stabilisation. Stachon et al.
identified suppressed arginase activity in cultured KC keratocytes, whid$ te dower

urea level in the cells (Stachon et al, 20Microtraumas, such as eye rubbing because

of atopy or contact lens \ae cause higher HL release (Bron et al, 1996)hese
mechanical injuries result in oxidative stress in the cornea, which could have an effect on
KC developmen{Kenney et al, 2003A key gene in inflammatory processes is nuclear
factor kappa B (NF® B) a transcription fdasyhtlmase f or
(NOS). NOS is involved in inflammatory processes with the competingnee arginase
(Stachon et al, 2019%tachon et alStachon et al, 2019pund increased expression of

NFFeB and i NOS in KC kerat ocyt e suggedishthas , t he

KC may be caused by inflammatory proceséeBl® met h et al , 2020a)

In KC patients, ocular surface disease is characterized by worse tear quality, significantly
lower breakup time (BUT), and higher fluorescein and rose bengal staining stames

the normal population (Dogru et al, 2018)correlation between ocular surface disease
and KC stage has aldmen verified (Dogriet al, 203). Although, some of the KC
screening indices are alsonséive to dry eye syndrome (De Paiva et al, 2008)

interaction between measures of dry eye syndrome and topographic/tomographic changes

in KC patients could be shown (Zemova et al, 20014N®me t h )eTheOQeaular 2000 a

Surface Disease IndeX0EDI) questiomaire is widelyusedfor investigation ofocular
surface diseas@Valt J2004) Mathews ¢ d. (Mathews et al, 2013Jescribed, beside a
total OSDI scoreavision-related subscore (derived from questions about visioteeskd
performancedriving, computer & anda discomfortrelated subscore (deed from
questions aboubcular surface discomfort: light sensitivity; pain or grittiness or



discomfort in dry or windy enviromentsin keratoconus, Dienes et dDienes et al.
2015)described asignificantly decreased tear secretion and significahtbher OSDI
scorescompared ttealthycontrols.Beside sructuralchangesinnervationchanges may
play a role in the impaired tear secretand theabnormal ocular sensations experienced

by keratoconus patients.

2.2 Keratoglobus

Keratoglobus was first describas ectatic corneal disedsel947 by Verrey as a distinct
clinical entity (Verrey 1947) Before his descriptionlitereture did not differentiate
betweenmegalocorneacongenital glaucomand keratoglobusThe exact etiolog of
keratoglobus remains unknown although various theorieslecribe its potential
relationship with other ectatic corneal diseases such as keratocompedlaad marginal
degeneration (Cameron 1993; Baillif et al, 2DAbis still not clarified, whetar these
three ectatic corneal diseases separate or related clinical entitiégeratoglobus was
first described as a congenital disorder, bptto nowacquired formshave also been
describedPouliquen et al, 198§5Although itsexact genetical backgund isnot known

it is assumed thaveautosomal recessive inheritance (Pouliquen et al, 188%s also
been associated with disorders of the connective 8ssioh as Ehlefanlos syndrome
(Cameron 1993), Marfan syndrome (Gregoratos et al, 1971) and Ruliifisigin
syndromgNelson and Talbot,989)and &so toLeber congenital amaurosisgenekoop
2004). Secondaryacquired forms of keratoglobus have beescdbed associatl with
vernal keratoconjunctivitis, chronic marginal blepharitis, idiopathic orbital inflammation
(Cameron 1993and dysthyroid eye diseagkacobs et all974)

Keratoglobuss principally characterised by a globular protrusion of theaneartissue,

associated withits diffuse thinning from limbus to limbug. N® met h e tTheal , 202
cornealthinningreaches its maximui thecornealperiphery sometimes witlonefifth

of the normal corneal thickneggvallang and Das, 2013 ornealdiameter remains
normal(Wallang and Das, 2013hich supports its differentiation fromegalocornea
andbuphthalmosMost interestinglyVogt striae and Fleischer's rings are not associated

with keratoglobugBaillif et al,2005) Patients usually presewith blurred visionas a



resultof the thinning and protrusionhére is high myopia with irregular astigmatisas,

the main cause of poor vision in these patiewtsich is difficult to treai{Wallang and
Das, 2013) Owing to extreme thinning and fragdili of the cornea, many cases may
initially present with corneal perforations, either spontaneous or following minimal
trauma(Baillif 2005).

Keratoglobus is usually dignosed by slittamp examinationcorneal topeand

tomography Besidesanterior sementoptical coherence tomograpkfor example the

Casia2 anteriorsegment optical coherence tomograp{Tomey, ErlangeiTennenlohe,

Germany and biomechamical measurement CdrVis ST  (Corneal
VisualizationScheimpflug Technologpc ul us Opt i k gear2Geremangsmb H, W
may support our wil in its differencial diagnosis N®met h et al, 2020¢c)

The Casie2 usesfourier domain technology,1310 nmwavelength which enablesa
measurmentfrom the anteriorpart of the corneto the posteriompart of thelens within

one scanlts scanning depth is approximately 18m, its aial resolution 100m and
horizontalresolution30 Om, working with a sanning speedf 50 000 A scarisecond

(Saito et aR020. The CorVis STrecords the reaction of the cornea to a deffizie pulse

using a higkspeed Scheimpflug camena.measures IOP, corneal thickness and the
deformation response of the cornea. Corneal ectasia lead to changes in the viscoelastic
properties of the cornea. These changes can be analyzed bagskliatons in

deformation response paramejeedative to normal eyegdmbr osi - et al , 2017

2.3 Thermography

Figure 1. Ocular surface thermography in a
healthy adult meaared by TomeylG 1000
ocular surface thermographer (Tomey,
ErlangerTennenholeGermany

aab
ﬂ..ﬂ.
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Thermography is used in many fields miedicine( N®met h et inclading 2020 a)

angiology (Harding 1998), oncology (Hatwar et al, 2017), and rheumatology (Lasanen et



al, 2015). Since Mapstone (Mapstone 1968, 1968, 19W@pduced infrared
thermography of the ocular suclg the method has become more ofteed. In
ophthalmology, ocular surface temperature (OST) has been gwatestiin ocular
inflammation (Kawalii 2013), tear film abnormalities (Morgan et al, 1988lysis of
bleb furction after glaucoma surgery (Kawasaki et al, 20@®er corneal refractive
surgery (Betney 1997rataract surgery (Belkin et al, 2018nd in the evaluation of

ocular blood flev (Konieczka et al, 2018)

OST may be influenced by eneitmental and ocular factors. In the environment, changes

in the ambient temperature may influence O
ambe n t temperature of 40AC ( Gei.dMnd, aiet al ,
conditioning, or any kind of aitdw affects OST ttough increased evaporation (Freeman

and Fatt, 1973and lower air humidity ineases lacrimal evaporation (Slettedal and

Ringvold 2015) Blinking interrupts corneal exposure to the environment and

redistributes the & film and its temerature (Purslow and Wolffsohn 2005)

OST also depends on ocular factorsl ®me t h et a,lsych ad hegbaityan@ 0 2 0 b )
quantity of the tear film and heat conduction and convention of the aqueous humour,
which is determined mainly through blood \loin the ciliary body and throing

retrobulbar haemodynamics (Gugleta et al, 1998)the cornea is an avascular tissue,

the central corneal temperature is mainly influenced by tear film evaporation and heat
convection and condtion of the agueous humo(Bugleta et al, 1999Nevertheless,

the temperature of the peripheral cornea may also be influenced by blood flow in the

perilimbal vessels (Konieczka et al, 2018)

Since thel970s many thermographic parametefsthe eyehave been described in the

literature, measureahderhealthyor pathological conditions. The average ocular surface
temperature (OST)is32%6 . 5AC in nor mal Pheame BOR®Rr net v ad
Pattmel |l er et -anhd.intraobsarverdeliapityofdhe comeaksurface
measurementof the TG1000 thermograpy, and it yieleéed consistent results

(Patt m° | | e.rAccarding t@a Mouss2 & a{Mgussa et al, 2013}he corneal

surface temperature does not change diurnally in healthy individmalss warmer

nasally than centrally and temporally during the interblinking interval. The literature

contains controversial i nformation on the e
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etal.( Patt m° | | e rfoung tthat anl healthg Dhdividyal corneal thickness,
endothelial cell density (ECD), and anterior chamber depth do not affect the corneal
surface temperature. The corneal thickness profile appears to influence the general
temperature profile, resulting in a higher temperature and Ideaay in thinner corneal
regions. OST has been reported to significantly decrease with increasing corneal
thickness(Morgan 1994) In contrast, a progressive increase in OST from the corneal
centre to the periphery hassobeen demonstratdaly other auths ( Al i - et al
Efron et al, 1989)

2.4 Endothelial cell layer

The innermost layer of the cornea is the corneal endothelium, which has a single layer of
flat, polygonal cells thaplay an essential role in maintaining stroncighydration.
Maintenance of this hydration gradient depends on tight junctions among endothelial cells
and N&/K*-ATPase and bicarbonateependent Mg-ATPase pump function@ervo et

al, 1975) Adequate pump function requires a minimum number of endothelial Thés.
endothelial cell density HCD) decreases from birth (314%013 cells/mrf) to
approximately 2500 cells/mhin late adulthoodElbaz et al, 2017; Eghrari et al 2015)

The vitality of the corneal endothelium is important for its barrier and pumping functions
and corneal thickness is strongly associated with themaathristicsiMcDonald et al,

1987) A loss of corneal endotheliaéll density down to several hundred cells per square
millimetre generally results in corneal oedefRainhard et al, 2001; Langleucher et al,

2002)

11



3. Objectives

Although ectatic corneal diseases are defined as noninflammatory corneal diseases,
several data support the hypothesis, that these are in part of inflammatory origin.

In our studies ouobjectiveswere:

1 To addinsight into the relationship between ocular surface disease and KC,
analysng the Ocular Surface Disease Index (OSDI) and OST in KC patients
compared to controls.

1 To analyse the correlation between ECD and central corneal temperature in KC
patients andhealthy controls.

1 To describe the ocular surface disease index (OSDI), biomechanical and corneal

thermographic parameters in a keratoglobus patient.

12



4. Resuts

4.1 Ocular Surface Disease Index and ocularthermography in
keratoconuspatients

179 eyeof 90 patients with KC (topographic KC classification [TKG1@o 4) and 82

eyesof 41 controls were examined. Participant age at the time of examination was

36. 1N12. 5% 7()r ayregaer sl4 n t he KC gT78pyaapsindhed 36 . 4
control group (p=0.923). The were34.1% females and 53.6% left eyes inklé&group,

whereaghe control groujfincluded52.4% femalsand 47.6% left eyes. Thiryne (38%)

eyes in the control group (71% soft and 29% rigid contact lenses) and 78 (44%) eyes (all

rigid contact lenses) in the KC group had previous contact lens wear. Unfortunately, we

could not gather information on the number of hours with occasional/daily contact lens

wear( N®met h et al, 2020a)

Best spectacle corrected visual acuity was
controls. The refractive cylinder wa8 . 5 N2 . 8 Dgroumand-lh.e0 \KIC 0 D i n
controls. From corneal topography and tomograiyface asymmetry indexSAl),

surface regularity indexSRI), Klyce/Maeda keratoconus ind€ékKCl), Smolek/Klyce

keratoconus severity indeK$l), keratoconus prediction indgkKP1I), index of surface

variance (ISV), index of surface asymmetry\fA), keratoconus indexK(), cente

keratoconus indexQKlI), index of height asymmetrylHA), and index of height
decentratior(IHD) are given inTable 1 for both groupsTables 23 provide theOSDI

scores and subscores, corneal and conjunctival OST valkesal corneal thickness

(CCT), pachymetry at the pupillary centfle@P, andpachymetry at the apex of the cone

(PCA) in both groups. We found a significant difference in SAR|,CI, KSI, KPI,

ISV, IVA, Kl, CKI, IHA, IHD, CCT, PCP, and PCA between both groups (p<0.001).

13



Table 1.Corneal topographic and tomographic data oftheke¢ oconus patients anal controls ( N®me

Data are given a-naximana.SNISsDrfade asymmetnyuncex, SRI: surface regularity index, KCI: Klyce/Maeda
keratoonus index, KSI: Smolek/Klyceeural network indexKPI: keratoconus prediction index, ISV: index of surface variance, IVA:

index of vertical asymmetry, Kl: keratoconus index, CKI: central keratoconus index, IHA: index of height asymmetry, IKMDf inde
height decentration.

A significant difference was found in all displayes topographic and tomographic data between both groups (p<0.01).

SAl SR KCI KSI KPI ISV IVA Kl CKI IHA IHD

2.1N: 1. 0N(57.0N50.3N0.3584.7KNK0.9N 1.2NC1.1N 26.5N 0. 1NO
Keratoconus

(0.1-842) (0.062.6) (0-95) (0-95) (0.1-0.7) (15312) (0.082.6) (0.82.2 (0.91.3) (0.31312) (0.0040.7)
c | 0.4N(C 0. 2N( 1.8N¢2.5N0.2N 181WN7. 0.1N' 1. 0NC1. 0N 6. 0N5 0. 01N

ontro

(0.1-1.7  (0.01.2 (0-33) (0-45) (0.203) (6-44) (0.030.4 (0.91.09) (0.91.00 (0.1-278) (0.0010.5

P-value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

14



Table 2. Ocular Surface Disease Index (OSDI) se@rd subscores, ocular surface temperature (OST), and corneal thickness at different

regionsin keratoconus patients and in contropiN®met h &t al , 2020

Data are givenasie an NS D (-meEximimpnu m
VR: visionrelated, DR: discomfomelated, CCT: cendl corneal thickness.

0SDI VR OSDI DR OSDI Central Superior Inferior Nasal Temporal Conjunctival cot Pachymetry Pachymetry
subscore  subscore OSsT OST OST OST OSsT OST at the pupil at the apex
Kerato- 31.5N17.7NK14.3N 34.3N 34.2N 34.2N 34.2N 34.2N 34.5N475.0 489.6N 480. 1N
conus (0-889) (0-50) (0-43.7 (32.335.49 (32.035.5 (31.0356) (31.735.9 (32.235.5 (32.235.5 (366605)  (304588) (277-591)
17.5N10.5N 9. 4N1 34.3N 34.2N 34.7N 34.2N 34.2N 34.6N529.1 545.6K 546. 8N
Control (0-796) (0-50) (0-475) (31.935.2 (32.135.2 (32.1352) (31.935.3 (32.1:35.2 (32.1:35.2 (463627) (494637) (494-639)
Pvalue  <0.001 <0.001  <0.001 0.414 0.273 0.221 0.361 0.283 0.283 <0.001 <0.001 <0.001
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Table 3.Ocular Surface Disease Index (OSDI) ss@med subscoresentral and conjunctival ocular surface temperature (OST) in different
stages of keratoconus (KC) and contfolsl ® me t h a&.t al , 2020

Data are given a-maximenrdgnNSD (mi ni mum

VR: vision-related, DR: discomfontelated.

oSDI VR DR Central Conjunctival
subscore subscore OST OST
41.9N225.6N1 17.5N:34.2N034.5N0
KeCa (0-88.9) (0-50) (0-37.5) (32.934.9) (32.035.9)
29.3N116.3N1 13.0N!'34.3N034.5N1
"es (4.2-88.9)  (0-50) (0-43.75) (32.335.3) (31.1-36.2)
31.7N217.6N1 14.8N:34.2N034.5N0
Ke2 (0-87.5) (0-50) (2-35) (32.335.3)  (30.836.1)
30.1N115.4N1 14.0Ni34.3N034.3N1
kel (4.260.4)  (0-39.5) (0-47.5) (32.435.4) (31.935.8)
17.5N110.5N1 9. 4N1(34.3N034.6N0
Control
(0-79.6) (0-50) (0-47.5) (31.935.2) (32.1-35.2)
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The OSDI score (31.4Nz22.l4ted. subBsobdeé. 9)1,7
10.5N13.2), renateids saumfserotre (14.3N10.7 vs.
higher inall KC patientsand inall TKC subgroupst han i n @084 IntheKCs ( p O
group there was an increasing tendency in the OSDI scores and subscores along the
increasingTKC stages, however these differencies were not significant between the

stages, except the KC3 and KC4 OSDI ss@e0.032)( N®met h et al, 2020as

The averagg ent r al OST was 34.2N0.6AC in KC pat.i
(p=0.56).There wasno si gni fi cant di fference 1in centr
nasal (34.2N0.6AC vs. 34.2N0.7AC), tempor al
(34.2N0.6AC vs. 34.2N0.6AC) OST between the

According to TKC, 24 eyes were clagsd as stage 1 (13.4%), 55 eyes as stage 2 (30.7%),

51 eyes as stage 3 (28.5%), and 24 eyes as stage 4 (13.4%). Patients with a TKC between
two stages (e.g., TKC-D) were always classified as the more advanced diksjgg the
KruskalWallis test, OST beteen less and more advanced stages ofikiGhot differ,

therefore, we did not perform a correlation analg$ithe KC subgroups.

OSDI score poorly correlated with the SAI (r=0.295, p<0.001) and fairly correlated with
the SRI (r=0.354, p<0.001), but didtncorrelate with OST at the corneal centre- (r=
0.012) or other corneal or conjunctival regigns0®72). OSDI also did not correlate
with CCT in either group (9.270).( N®met h et al , 2020a)

For all participants hte correlation of the visierand discomfortrelated OSDI subscores

with SAI, SRI, and OST at the corneal centre in different stages of KC is sh@wblam

4. For all participants, visionand discomforrelated OSDI subscores poorly to fairly
correlated with SRI and SAI (r>0.174, p<0.005), but none of the subscores correlated
with OST (r<0.001). In some of the subgroups (control, KC1, and KC2), the subscores
correlated poorly with SAl and SRI and the discomfetated OSDI subscore poorly
correlated with OSTTable 4). OST at all the examined regions also fairly correlated
with patientage-Q . 1 7 70310y in ti&& KC group and did not correlate with thermbnt
group €0 . 1 0-0.074) OST at the corneal centre also did not correlate with the SAI
(r=-0.056), SRI (r=0.086), or CCT (r=0.048).

17



Table 4.Spearman correlation of visioand discomforrelated Ocular Surface Disease
Index (OSDI) subscores with dace characteristics at the corneal centre in different
stages of keratoconus (KC) and contfolsl®met h &t al , 2020

VR: visionrelated, DR: discomfontelated, SAI: surface asymmetry index, SRI: surface
regularity index, OSTocular surface temperature

r values are given, with-palues shown in the case of significance.

Central
SAl SRI OST
KC4 i VR OSDI -0.29 -0.08 -0.18
KC3i VR OSDI -0.12 -0.05 -0.007
-0.07 0.26 0.03
KC21 VR OSDI
p=0.04
KC1i VR OSDI 0.33 0.02 0.35
0.22 0.32 -0.07
Control i VR OSDI
p=0.03 p=0.002
KC4 i DR OSDI -0.18 0.24 -0.09
KC3 i DR OSDI -0.27 -0.19 -0.04
KC2 1 DR OSDI -0.15 0.18 0.02
0.27 0.18 0.45
KC1i DR OSDI
p=0.02
0.26 0.25 -0.01

Control i DR OSDI
p=0.01 p=0.01
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4.2 Correlation between corneal endothelial cell density and central
corneal temperature in normal and keratoconus eyes

ECD, hexagonality, the averageefficient of variation of corneal endothelial a(€¥/),
CCT, OSDI score, and central and conjunctival OST are provid@éable 5. Corneal
front and back surface radius of curvature (RmF/RmB xangealfront and back surface
area at a central 5 mm region (FSA/B3#¢ shown atable 6.

ECD (2498N356 v¥». aé3NCA94( 4amm5N50 vs. 529
significantly | owe r (p<0.001; p<0.001) and Cv (48.
significantly higher (p=0.001) in KC patients than in healthy controls, but hexagonality

(42.8N22.7 vs. 38.9N20.8) did not differ si

The average ceénr a | corneal OST was 34.2N0.6AC in
controls and did not differ significantly
34.6N0.8AC) also did not differ significant
KruskatWallis test we found no difference in OST between less and more advanced

stages of KC; therefore, we did not proof for differences between TKC groups.

RmMF 6. 9N0O. 8 Vyand RNB.57 MIN.02 8 Ywsere significaritly lonzer
(p<0.001; p<0.001), FSA 20. 35N0. 26 vVvs. 20.17N0.03) an
20.45N0.08) were significantly higher in K

controls.

ECD weakly positively correlated with central corneal OST (r=0.2; p<0.05) and did not
correlate with conjunotal OST (r=0.043). CV weakly negatively correlated with central
corneal OST (r=0.212; p=0.001) and did not correlate with conjunctival OST0(675).
Hexagonality did not correlate with the OST within the regions of interest (r>0.013). CCT

also did notorrelate with central corneal OST (r=0.048).

Figures 23. present the scatter plot analysis of central corneal OST and ECD; CV;,
hexagonality; CCT; OSDI; FSA and BSA in normal (TKC 0) and keratoconus eyes (TKC
1- TKC4), with regression lines for TKC 0 aiidKC 1-TKC 4 groups.
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Table5.Measurements 1in

di fferent

topographic

keratoconumaximimg.ssi fi ca

ECD, endothelial cell density; CV, coefficient of variation of corneal dvediail area; CCT, central corneal thickness; OSDI, Ocular Surface

Disease Index; OST, ocular surface temperature (central: at corneal centre, conjunctival: 8 mm temporally from thent@)y{edN &me t h

et al, 2020).
TKC ECD Hexagonality CVin% CCT OSDI OST central OST
(/mm?) (6A, %) (€m) (AC) conjunctival
(AC)
TKCO(n=92) 2638N238.9N20. 47.3N52.3 529N35 19. 3N134.3NO0.  :34.6NO0.
(18133244) (0-70) (30-137) (477-627) (0-79.6) (32.435.4) (31.635.8)
TKC 1-TKC 4 2498N342.8N22. 48. 2N18.3 475N50 32.3N234.2N0. ¢34. 4N1.
(n=154) (12083245) (0-100) (23-126) (366:563) (0-88.9) (32.435.4) (30.836.3)
P value* <0.001 0.69 0.001 <0.001 <0.001 0.62 0.21
TKC1(n=24) 2592N241.7N19. 40.6N7. 491N33 30. 1N134.3NO0.  34.3N1.
(2101-2988) (0-65) (30-58) (408:538) (4.2-60.4)  (32.435.4) (31.935.9)
TKC2((=55) 2528N349. 1N20. 47. 6N16. 471N44 31.7N234.2N0.¢34.5N0.
(15953245) (0-100) (30-106) (370:557) (0-87.5) (32.435.4) (30.836.2)
TKC3(n=51) 2408N337.9N23.50.7N16.4 447N45 29.4N134.3NO0. 34.5N1.
(13033047) (0-100) (30-115) (366:527) (4.2-88.9)  (32.435.4) (31.1-36.3)
TKC4(n=24) 2380N335.3N24.59.1N27.7 449N62 41.6N234.2N0. ¢34.5N0.
(12083039) (0-75) (23-126) (373563) (0-88.9) (32.935.0) (32.0-36.0)

*Difference between normal cornea (= TKC 0) and all eyes in TKKKCT 4 groups. Patients with a TKC between two stages (eD., 0

were always classified as the more advanced stage.
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a-saximemg.n NSD (
Cornealfront and back surface radius of curvature (RmF/RmB)candealfront and back surface area at a central 5 mm region (FSA/BSA)
areshowr( N®met h Bt al, 2020

Table 6.Measurements in different topographic kec@nus classification (TKC) stagésat a ar e gi ven

*Difference between normal cornea (= TKC 0) and all eyes in TKKKCT 4 groups. Patients with a TKC between two stages (eD., 0

were always classified as the more advanced stage

TKC RmF RmB FSA BSA
(mm) (mm) (mm?) (mm?)
TKCO(=92) 7. 7N0 6. 3NO. 20. 17N0. 03 20. 45N0.
(7.1-85) (5.67.2) (20.0720.29) (20.2520.72)
TKC1-TKC4 6. 9NO 5. 6 NO. 20.35N0. 26 20. 84NO0. !
(n=154) (4.38.4) (3.27.4) (20.0921.69) (20.2324.13)
P value* <0.001 <0.001 <0.001 <0.001
TKC1(n=24) 7. 5NO0 6. 1NO. 20. 20N0. 04 20. 53 NO.
(7.28.0) (5.66.8) (20.1420.27) (20.3320.72)
TKC2((M=55) 7. 3NO 5. 9NO. 20. 25N0. 08 20. 62NO. :
(6.58.4) (4.97.4) (20.0920.43) (20.2321.07)
TKC3(n=51) 6. 8NO 5. 4NO. 20.34N0. 14 20. 85N0. :
(5.48.4) (4.06.9) (20.0920.81) (20.3222.05)
TKC4(n=24) 5. 8N1 4. 6N1. 20. 75N0. 44 21. 66N0O0.
(4.37.7) (3.26.9) (20.1921.69) (20.3224.13)
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Front surface area in mm? (5 mm diameter)

Figure 2. Scatter plot of the central corneal ocular surface temperature (OST central) and
endothelial cell density (ECDA{/coefficient of variation (CV)RB)/ ratio of hexagonal

cells C)/central corneal thickness (CCD){ Ocular Surface Disease Index (OSE)(

in normal corneas (TKC 0; n=92, blue circles and blue regression line) and keratoconus
corneas (TKC 4TKC 4; n=154, green circles and green regression IiRe)ents with a

TKC between two stages (e.g., TKELDwere always classified as the more advanced

stage. Rrefers to Spearman’s coefficient of determinatoN ® met h Bt al , 2020

A B
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22,00+ TKC
O THC O 25 00
O TKE 1 - THE 4 O THCO
-~ Tke o O THCT-THE #
~TKC1-TKC 4 —TKC O
N THC1-THC 4
TKC 0. R Linear = 0,016
TKC 1 - TKC 4: R? Linear =
21,50 0,005

TKC 0: R? Linear = 0,017
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0,008

24,00
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21,00
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Backt surface area in mm? (5 mm diameter)

20,00 i 20,00

OST central in °C OST central in °C

Figure 3. Scatter plot of the central corneal ocular surface temperature (OST central) and
corneal front and back surface area (FSA/BS®)R) in normal corneas (TKC 0; n=92,

blue circles and blue regression line) and keratoconus corneas (MTKC 4; n=154,
greencircles and green regression linBatients with a TKC between two stages (e.qg.,
TKC 0-1) were always classified as the more advanced stdgefd®s to Spearman’s
coefficient of determinatio. N®met h Bt al, 2020

RmF, RmBFSA and BSA did not corrate with central corneal OS#=0.015; r=0.024;
r=0.045; r=0.064) FSA and BSA did not correlate with ECP={0.186; r=0.170,
hexagonality =-0.131; r=0.142 and CV (=0.133; r=0.10p

OST at all examined regions did not correlate with patient agé.tt58). ECD correlated
weakly inversely with patient age (3:365; p <0.001), whereas CV and hexagonality
did not correlate with age (r<0.104).

23



4.3 Ocular Surface Disease Index, biomechanical properties and ocular
thermography in a keratoglobus patient

We enrolleda 58 yearsold mde patient in our study. There wpsliomyelitis, hearing

disorder andilcohol abus@ the medical history

In the present work, the right eye of the patient without previous ocular surgery have been
examinedKeratoglobus was diagosted bltlamp examinatioron the right eye of the
patient Thee was a diffusehinning of the cornea, from limbus to limbus. The OSDI
Score was 324 (visionrealted subscore: 167, discomforrelated subscore: 125),

referingto amoderate ocular surface disease.

Figure 4. Diffuse thinning of the cornea from limbus to limbatsslittamp examination
(N®met h et al , 2020

The left eyeof the patient underwent cataract surgarf017 which ended up in corneal
hydrops with abreak in the Descemet membrama@d SF6 gasinsufflation into the
anterior chambeiowever, corneal decompensation persistedti@ctfore, m October
2017,the patient underwent penetrating keratoplasty of the leftAdyaur examination

best correctedisual acuity wa®sn the right side 0.1 and on the left side 0.7 (decimal).
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Figures 5 and 6showresults of thehe tope and tomographic measuremer@arneal
topographydisplays anincreasd corneal steepening ahe 3/5/7 mm zones. The
topographiccylinder (CYL) and the SAlincreased, th&RI and thePotential Visual
Acuity (PVA) were borderlinecompared to the normal databaség(re 5). Corneal
tomogray showsapproximetry 20 dioptersf corneal astigmatisrand pathological
ISV, IVA, IHD andTopagraphic Keréoconus Classification (TKQJFigure 6).

Axial Power{Keratometric)

| AvgK: 44.( Es:034/Em-091
} SRI: 1.64 PVA: 20/40-20/50

Figure 5. Corneal topographyusing the TMS5 (Tomey, ErlangeifTennenhole,
Germaly) in keratoglobus. The topografic cylinder (CYL) and the Surface Assimetry
Index (SAI) increased plalogically, the Surface Regularity Index (SRI) and the
Potential Visual Acuity (PVAMmeasurements indicate borderline valijeN® me t h et

2020).
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With the Corvis ST the Stiffness parameter at applanation 1 (SPA1) was 29.3, the
integrated radius (IR) 14.2 and the deformation applitude ratio (DA ration) 3.6, but the
Ambr -sio'"s relational thickness HKEgurezont al
7).
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Corvis ST - Biomechanische Beurteilung

Figure 7. Screenshot of a CorVis S
measurement, performed by ti
dynamic corneal response modul
the machine. The area under the 1
curve corresponds to the paramet
of the keratoconus patients, the at
under the green curg®rresponds tc
the normal database N®me t h
2020c).

Stiffness Parameter A1 23
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Stiffness parameter at applanatior
(SPA1) was 29.3, the integrate
radius (IR) 14.2 and the deformatic
applitude ratio (DA ration) 3.6, bu

[ ] the Ambr - -sio's
MmO O v%m [ oma:  ssmp boOP 1220 Horizontal (ArtH)value could not be
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With the Casia 2 anterior segment optical coherence tomography, the diffuse corneal
thinning from limbus to limbus is wetlemonstratedFigure 8).
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Figure 8. Casia2 anterior segment optical coherence tomogrggt8+OCT) in a
keratoglobus patient. Anterior, posterior and real axial refractive power of the cor
and the a pachymetric map (A) prove the diagnosis of keratoglobus. Analysing tt
anterior segment crosectionally, the diffuse thinning of the cornea is well
denonstratedB) ( N®met h et al, 2020c) .

The ocular surface temperature was measured after normal blinking. The patient was
asked to keep his eyes close for 5 seconds, ibapered themand the masurement

was startedmmediatey after eye openindduring 10 seconds of sustained eye opening,

we measured the ocular temperature. The soéwautomaticallydisplayeda graph

(Figure 9.) of theOST changes.
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Figure 9. Ocular surface temperaturea keratoglobus patiemheasured by the T<G000
thermograpler. Ocular surface temperaturedisplayed ithe central 5 mnsornealzone,
during 10 secondsf eye openingafter blinkingl N®met h et al , 2020

The average minimal ocular surface temperature w83 AC and t he averag

ocular surfae temperature w839 5 A C.
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