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6y, ,Bacun AnpunoB® 15A HeBb3naAumeAHu 3aboAABaHuA Ha pozoBuuama, koumo ce xapakmepusupam CoC CMPOMaAHO
4002 MAoBqu8 usmuHABaHe U npozpecupawia npompysud. Te Bogam go 3Ha4YumeAHo BrowaBaHe Ha kayecmBama Ha
e-mail: angel.atanassov@gmail.com onmuyHama cucmema Ha okomo BcaegemBue Ha noABama Ha HenpaBuAeH acmuzmamusbm. Tesu gBe
CbCMOAHUA 4eCMO Ca MPYgHU 3a OMgudepeHuUpaHe.
Liea: Lieama Ha HacmoAwuAa mpyg e ga ce u3cAegBa guazHocmuyHama cmodHocm Ha monozpaekume
UHgekcu u mAxHama poAd 8 guazxocmukama Ha po2oBuyHUMe ekmasuu.
Mauuesmu u memogu: C pozoBuyeH monozpad OCULUS Keratograph 5M ca uscaegBaHu 80 o4u
Ha 43-Ma nauueHmu ¢ pozoBuyHa ekmasus u 86 o4u Ha 43-ma 3gpaBu uHguBugu. Mog BHUMaHUE ca
B3emu monoepadckume kapmu U CAegHUME 2eHepupaHu om anapama ungekcu: Rv (BepmukaaHa
po20BuyHa kpuBuHa), Rh (xopu3oHmaAHa poz20BuyHa kpuBuHa), Rm (cpegHa poz20BuyHa kpuBuHa),
Kmax (vakcumarHama npedvynBameAHa cuAa Ha pozoBuuama, uspaseHa 8 guonmpu), ISV (Index of
Surface Variance — uxgekc Ha noBopxHocmHa Bapuauus), IVA (Index of Vertical Asymmetry — uHgekc Ha
BepmukaaHa acumempus), Kl (Keratoconus Index — kepamokoHycer uHgeke), CKI (Center Keratoconus
Index — ueHmpaneH kepamokorycen uHgeke), RMin (MuHumaneH pozoBuyeH paguyc), IHA (Index of Height
Asymmetry — uHgeke Ha Buco4urHa acumempus), IHD (Index of Height Decentration — uHgekc Ha BucoyuHHa
geuermpauus), ABR (Aberration —abepauuu). Cmamucmuyeckama obpabomka Ha gaHHUMeE ce U3Bbpuil ¢
SPSS Bepcua 15. 13n0a3BaHu ca mecm Ha MaH-Yumuu (Mann—Whitney U test) u ROC (Receiver Operating
Characteristic Analysis) aHaAu3.
Pesyamamu: Cmamucmuyecku 3Hayuma pasauka ce ycmadoBu mekgy gBeme 2pynu 3a Bcudku
uscAegBaHu uHgekcu npu uHmepBaa Ha goBepumeaHocm om 95% u cmodHocmu Ha p<0.001. ROC
aHaAu3bm ycmaHoBu 3HaYuMeAHa guazHoCMUYHa cMoUHOCM Ha mMonoMempuyHume nokasamenu, kamo
naowma nog kpuBama um Bapupawe om 0.992 3a ABR u IHA go 0.927 3a CKI uHgekca.
3aknloyenue: TonomempuyHume napamempu noka3Bam OmMAUYHa CNOCOBHOCM ga gudepeHuUpam
gkmamuyHu om 3gpaBu pozoBuuu.

KnkouoBu gymu: kepamokoHyc, MapeuraHa neayyugHa geceHepauus, ekmasusd, monoepagus
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Faasl U st it v Introduction: Keratoconus and marginal pelucid degeneration are bilateral, non-inflammatory diseases of the
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Aim: The aim of this article is to determine the diagnostic value of the topometric indices and their role in
diagnosing corneal ectasia.

Patients and Methods: Using corneal topography OCULUS Keratograph 5M, we examined 80 eyes of 43
patients with corneal ectasia and 86 eyes of 43 patients with no signs of corneal disease. We evaluated the
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topographic maps and the following indices generated by the device: Rv (vertical radius), Rh (horizontal
radius), Kmax, ISV (index of surface variance), IVA (index of vertical asymmetry), Kl (keratoconus index), CKI
(center keratoconus index), RMin (minimal radius), IHA (index of height asymmetry), IHD (index of height
decentration), ABR (aberration). The statistical analysis was performed by SPSS version 15 and the following
test: Mann—Whitney U test and receiver operating characteristic (ROC) analysis.

Results: Statistically significant difference was found for all the examined parameters p<0.001 using 95%
confidence interval. The ROC analysis determined area under the curve in the range from 0.992 for ABR and

IHA to 0.927 for CKI.

Conclusion: The topometric indices have excellent capabilities in differentiating ectatic from normal corneas.

Keywords: keratoconus, marginal pelucid degeneration, ectasia

BbBEJEHNE

KepamokoHycom U MapauHaAHama neayuugHa gezeHepauua (1)
ca buramepaAHu, HeBb3naAumeAHU 3aboAABaHUA Ha po2oBuuama,
koumo ce xapakmepusupam CbC CMPOMAAHO U3MbHABaHE U
npozpecupawia npompysus. Te Bogam go 3HaYumeAHo BrowaBaHe
Ha kayecmBama Ha onmuyHama cucmema Ha okomo BcaegemBue
Ha noABama Ha HenpaBuaeH acmuzamamu3sbM. Tesu gBe cbemosaHuA
4ecmo ca mpygHu 3a omgudeperuupare (2). Mpes nocaegHume
gecemuAemuA Ce ¢ocmuezHa QO 3HayumeAeH Hanpegok 8
guazrocmukama Ha po20BuyHume ekmasuu, kamo ce npemuHa om
guazHo3a, 6asupaHa npegumHo Ha duomukpockonckama Haxogka,
kom usnoasBaHemo Ha BucokocneuuasudupaHu Memoguku —
kopHeaaHa monozpadus (3-5), momozpadua (6), npegHOCE2ZMEHMHO
OCT (7-9) u uscregBaHe Ha pozoBuyHama buomexaHuka — ORA
(10-12), CORVIS ST (13-15). HapacmBaHemo Ha 6posa po20BuyHu
pedpakmuBHU npouegypu U npuemaHemo Ha kepamokoHyca u
MapeuHaAHama neAyuugHa (ge2eHepauus kamo OmHOCUMEAHO
npomuBonokasaHue (16) usuckBa paHHa guazHocmuka u agekBameH
mepaneBmuyeH Nogxog Ha 20pecnoMeHamume 3a60AABaHUA.

LLEEA

LleAma Ha HacmoAwuA mpyg e ga ce ymBbpgu guazHocmuyHama
mekecm Ha monozpadckume uHgekcu U mAxHama poad B
guazrocmukama Ha po2oBuyHume ekmasuu.

MALNEHTIA 1 METOAN

B HacmoAawemo uscregBaHe ca BkaloueHu 80 ouu Ha 43-ma
nauueHmu ¢ gokasaHa poz20BuyHa ekmasua (kepamokoHyc uAu
Map2UHaAHa neAyuugHa gezeHepauun). KoHmpoaHama 2pyna
ce cobcmou om 86 o4u Ha 43-ma nauueHmu, npu koumo Hama
gaHHU 3a po20BUYHO 3aboAABaHe. YyacmHuuume B gBeme 2pynu
ca cbBnagawu no noA u Bopacm. BkaloyBawume kpumepuu 3a
nopBama 2pyna ca HaAu4uemo Ha pozoBuyHa ekmasus, gokasaHa
¢ po20BuyHa monoezpadus. Kamo ekmamuyHu ce kaacuduuupam
Bcuyku nauueHmu, npu koumo e HaAuue:

INTRODUCTION

Keratoconus and marginal pelucid degeneration (1) are bilateral,
non-inflammatory diseases of the cornea, characterized by stromal
thinning and progressive protrusion. They lead to a significant
deterioration of the visual acuity due to irregular astigmatism.
Sometimes these two conditions are hard to distinguish from one
another (2). Inrecent years, significant progress has been made in the
diagnosis of corneal ectasias by using highly specialized methods—
corneal topography (3—5), tomography (6), anterior segment optical
coherence tomography (OCT) (7-9), and by examining the corneal
biomechanics ocular response analyzer (ORA) (10-12), CORVIS ST
(13-15). The increase in the number of corneal refractive procedures
and the acceptance of keratoconus and marginal pelucid degeneration
as relative contraindication (16) requires early diagnosis and adequate
therapeutic approach.

AIM

The aim of the current study is to establish the diagnostic capabilities
of topographic indices and their role in the diagnosis of corneal
ectasias.

PATIENTS AND METHODS

The present study included 80 eyes of 43 patients diagnosed with
corneal ectasia (keratoconus or marginal pelucid degeneration). The
control group consisted of 86 eyes from 43 patients with no evidence
of corneal disease. The participants in the two groups were sex- and
age-matched. Includion criteria for the first group were the presence
of corneal ectasia diagnosed by corneal topography. In all patients in
the ectatic group we observed:

» asymmetry between the upper and lower half of the cornea
greater than 1.5 diopters; and the presence of a correspond-
ing topographic map;

* corneal astigmatism greater than 1.5 diopters;

e Kmax >47.2.

Patients who were using contact lens correction were instructed not to
use it for at least 3 days. Exclusion criteria for the group with ectasia
were:
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° acumempuA MeXgy 20pHama U goAHama noAoBUHA Ha po-
20B8uuama, no-zoaama om 1,5 guonmupa, U HaAU4UEMO Ha
cvomBememBawa monozpadcka kapma,

*  p020BuyeH acmuzmamu3bm, No-20AaM 0m 1,5 guonmuopa,

e Kmax >47,2 guonmopa.

MauueHmume,  u3noA3Bawu  koHmakmHa  kopekuus, ca
uHcmpykmupaHu ga He A u3noA3Bam MuHUMYM 3 gHU npegu
npegemoAwuA npeaaeg. MskalouBawu kpumepuu 3a epynama ¢
ekmasus ca:

HAaAUYUEMO Ha P020BUYHU MBMHUHU UAU Xugponc, Bogeuwu go
3Ha4uMu apmedakmu 8 npugobumume 0m anapamume 06pasu;
u3BopuieH kpocAuHkuH2.

N3knlouBawume kpumepuu 3a koHmMpoAHama apyna ca:

* p020BuyeH acmuzmMamu3bM, N0-20AAM 0M 3 qUONMbPA;

°  MUONUA UAU XUNEPMEMPONUA, N0-20AAMa OM 5 guonmbpa;

°  aHaMHe3a 3a kepamum u/uAuU XupypauyHa uHmepBeHuuA.

Beeku egur om yyacmHuuume B8 npoyyBaHemo e nogaokeH Ha
odmaamorozuyeH npezaeg, BkalouBaul pymuHHU U CneuuaAHu
0dMAAMOAOUYHU MEMOogU:

° aHaMHE3a 3a OYHU U 06WU 3300AABaHUS;

* ONpegeAdHe Ha 3pumeAHa ocmpoma u pedpakuus;

* moHomempus ¢ 6eskoHmakmeH (air-puff) moHomemuop;

e buomukpockonus;

*  (hyHgoouomukpockonua.

Tonozpagus — 3a UEAUME Ha HacmoAWOmMO npoyyBaHe bewe
u3noa3BaH po20BuyeH monozpad OCULUS Keratograph 5M.
Tonozpadckomo uscaegBaHe NpomuYawe No CAEGHUA HaUUH:

* nauueHmume 6uBaxa nocmaBeHu Ha anapama u uHcmpyk-
MUPaHU ga Hacouam nozaeg kom yepBerama GukcauuoH-
Ha mouka;

° U3n0A3BaHa 6e aBmomamuyxama GyHkuua Ha anapama 3a
3aCHEMaHe;

* Bcako oko be 3acHeMaHo no mpu Nemu;

* npu Aowo kauecmBo Ha cAb3HUA Guam B korloHkmuBaAHuA
cak 6uBaxa HakanBaHu uskycmBeHu CbA3U U u3cAegBaHe-
mo buBawe noBmapaAHo.

Mog BHumaHue ca B3emu monozpadckume kapmu u cAegHume
2eHepupaHu om anapama ungekcu: Kmax, ISV (Index of Surface
Variance —uHgeke Ha noBopxHocmHa Bapuauus), IVA (Index of Vertical
Asymmetry — ungekc Ha Bepmukaana acumempus), KI (Keratoconus
Index — kepamokonyceH ungekc), CKI (Center Keratoconus Index —
ueHmpaneH kepamokoHyceH uHgeke), RMin (MuHumaneH po2oBuyeH
paguyc), IHA (Index of Height Asymmetry — uHgekc Ha BucoyuHHa
acumempus), IHD (Index of Height Decentration —uHgekc Ha
BucoyunHa geuermpauus), ABR (Aberration — abepauuu).
Cmamucmuyeckama obpadomka Ha gaHHUmMe ce u3Bbpwu ¢ SPSS
Bepcua 15. M3noa3BaHu ca mecm Ha Man—Yumuu (Mann—Whitney
U test) u ROC (Receiver Operating Characteristic Analysis) aHaau3.

PE3YATATIN

N3cAegBaHu ca no 43-ma nauueHmu B gBeme 2pynu, 23-ma Moke
u 20 keHu. B koHmpoaHama 2pyna ca aHaAu3upaHu nokasameaume
om Bcuuku 86 o4u, a 8 ocHoBHama 2pyna ca BkaloueHu 80 ouu (6
0yu ca uskaloyeHu — 4 He nokpuBam kpumepuume 3a ekmasus, 2
He npumeXkaBam Heobxogumo kauecmBo Ha monozpadekus 06pas).

 presence of corneal opacities or hydrops, leading to signifi-
cant artifacts in the images acquired by the devices;

e crosslinking.

Excluding criteria for the control group were:

e astigmatism greater than 3 diopters;

e myopia or hyperopia greater than 5 diopters;

e history of keratitis;

* surgery.

Each of the participants in the study underwent an ophthalmological
examination including routine and special ophthalmological methods:

e patient history;

* determination of visual acuity and refraction;

e air-puff tonometry;

e slit lamp examination;

e fundus biomicroscopy.

Topography—rfor the purposes of this study we used OCULUS
Keratograph 5M.
Corneal topography was performed as follows:

 Patients were placed on the device and instructed to look at
the red fixation point.

* The automatic function of the camera was used.

 Each eye was examined three times.

* In case of poor quality of the tear film, artificial tears were
instilled in the conjunctival sac and the examination was
repeated.

The topographic maps and the following indices were taken into
consideration: Rv (vertical corneal curvature), Rh (horizontal corneal
curvature), Rm (mean corneal curvature), Kmax, ISV (index of surface
variance), IVA (index of vertical asymmetry), KI (keratoconus index),
CKI (center keratoconus index), RMin (minimum corneal radius), IHA
(index of height asymmetry), IHD (index of height decentration), ABR
(aberration).

Statistical analysis was performed with SPSS version 15 using the
Mann-Whitney U test and receiver operating characteristic (ROC)
analysis.

RESULTS

Each group consisted of 43 patients, 23 men and 20 women. In the
control group all 86 eyes were analyzed, while in the ectatic group
only 80 eyes were included (6 eyes were excluded—4 did not meet
the criteria for ectasia, 2 did not have the necessary quality of the
topographic image). The mean age in the control group was 34.4
years and in the ectasia group—34.6 years. The age distribution is
presented in Table 1.

The evaluation of the tangential topographic maps in the group with
gctatic corneas is presented in Fig. 1. The most common topographic
map (28 eyes) was the one with asymmetry and the steepest part
of the cornea in its lower half. In second place was the topographic
map with the presence of an oval section with varying degrees of
decentralization (19 eyes). An asymmetrical bow-tie map type was in
third place with 13 eyes. The eyes in which there was a topographic
map of the kissing doves (crab claw) type and those in which there
was an irregular topographic map are 8. The smallest was the number
of topographic maps with a centrally located ectasia.
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Table 1. Group demographics.

Std. Dev Median

Control group 34.4 11.427 32 19 66
Ectasia group 34.56 11.591 32 19 66
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Fig. 1. Distribution by topographic maps.

CpegHama Bwv3pacm B koHmpoaHama 2pyna e 34,4 20guHu, a 8
2pynama ¢ ekmasua — 34,6 2. BoapacmoBomo pasnpegeseHue e
npegcmaBeHo 6 mabauua 1.

Ougrkama Ha maHeeHuuarHume monozpadeku kapmu 8 2pynama ¢
ekmamuyHu pozoBuuu e npegcmaBeHo BuB guypa 1. Had-vecmo
cpewaHama monozpadcka kapma (28 oyu) e masu ¢ acumempua
U Hal-cmpbMHa Yacm Ha pozoBuuama 8 goaHama d noAoBuHa. Ha
Bmopo MAcmo e monozpadckama kapma ¢ HaAu4uemo Ha oBaneH
yyacmuk ¢ pasauyHa cmeneH Ha geueHmpauua (19 ouu). Kapma mun
,<acumempuyHa nanutorka“ e Ha mpemo Macmo ¢ 13 oyu. O4ume,
npu koumo e HaAuue monozpadcka kapma mun ,wunku Ha pak” u
Me3u, Npu koumo e HaAuue upe2yadpHa monozpadcka kapma, ca no
8. Had-manok € bpoam Ha monozpadckama kapma ¢ ueHmpaaHo
pasnoAOkeH kpoebA yuacmuk ¢ gaHHU 3a ekmasus.

B koHmpoaHama 2pyna Hal-yecmo cpewaHama monozpadceka
kapma e mun ,cumempuyHa nanudorka“ npu 82 ouu u 4 cayyas, npu
koumo HAMa HabeaA3aHa xapakmepHa monozpadcka kapma.
lMauueHmume ca cmagupadu ¢ nomowma Ha BzpageHama
B codmyepa Ha anapama kaacupukauua. T e basupaHa Ha
knacuoukauusma Ha Amsler-Krumeich, 8 kosmo nog BHumaHue
ce B3umam caegHume BeAuduHu: pedpakuusma, cmodHocmume
Ha Kmax, po2oBuyHama gebeAuHa, Haauduemo Ha ckapudukauus
U pozoBuyHama gebeAuHa. PasnpegeAeHuemo no cmaguu e
cAegHomo: 1-Bu cmagut 8 oyu, 1-Bu u 2-pu cmagud 5 o4y, 2-pu
cmagut 17 o4u, BbB 2-pu kbm 3-mu cmaguad 13 ouu, 3-mu cmagud
31 oyu, 3-mu kbm 4-mu cmagua 6 oyu (puypa 2).
Pesymamume om HenapamempuueH mecm Ha Man-
Yumuu (Mann-Whitney U test, mabauua 2) omxBopasm
HyreBama xunomesa 3a Aunca Ha pasauka mekgy koHmpoaHama
U HabAlogaBaHama 2pyna npu Bcuuku uscaegBaHu napamempu.
CmoaHocmume Ha p ca no-maaku om 0,001 BbB8 Bcuuku cayyau
npu uHmepBaa Ha goBepumeaxocm om 95%.

CpegHume  cMOOHOCMU, ~ CMAHZapmHOMO  OMKAOHEHUE U
pesyAmamume om HenapamempuyHua mecm Ha Mann—Whitney ca
OmpaseHu 8 maoauua 2.

stage1 Stagebetweenland2  Stage2 Stagebetween2and3  Stage3 Stage between 3and 4

Stage of the disease

Fig. 2. Distribution by stages.

In the control group, the most common topographic map was that of
the symmetrical bow-tie type with 82 eyes and 4 cases in which no
particular topographic map has been identified.

Patients were staged using the classification built into the device’s
software. It is based on the Amsler-Krumeich classification, which
takes into account the following values: refraction, Kmax values,
corneal thickness, the presence of scarification and corneal thickness.
The distribution by stages was as follows: 1st stage—38 eyes, 1st and
2nd stage—> eyes, 2nd stage—17 eyes, 2nd to 3rd stage—13 eyes,
3rd stage—31 eyes, 3rd to 4th stage—6 eyes (Fig. 2).

The Mann-Whitney test results rejected the null hypothesis for all of
the examined indices. The p values were less than 0.001 in all cases
with a 95% confidence interval.

The mean values, standard deviation, and results of the non-
parametric Mann-Whitney test are shown in Table 2.

We observed excellent diagnostic capabilities of the examined indices
in the ROC analysis (Table 3). Almost all studied parameters had
an area under the curve greater than 0.900, with the exception of the
horizontal corneal radius (Rh), whose area under the curve is 0.897.
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Fig. 3. Area under the curve for Kmax.
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Table 2. Mean values, standard deviation, and results.

Control Group

Ectasia Group n = 80

n = 86
Std. Deviation Mean Std. Deviation Mann-Whit-
ney U
Rh 7.88 0.3 716 0.53 711.000 <0.001
Rv 7.72 0.3 6.95 0.62 537 <0.001
Rm 7.79 0.3 7.04 0.46 490.5 <0.001
Kmax 44.41 1.72 56.69 5.88 40 <0.001
ISV 19.16 6.83 83.75 31.64 116 <0.001
IVA 013 0.06 0.86 0.39 50.5 <0.001
Ki 1.02 0.02 1.22 0.1 96 <0.001
CKIl 1.01 0 1.06 0.04 505 <0.001
Rmin 7.57 0.56 6.02 0.61 103 <0.001
IHA 6.75 4.31 74.07 40.54 103 <0.001
IHD 0.01 0.01 0.07 0.04 52 <0.001
ABR 0.16 0.45 2.4 0.73 56.5 <0.001
Table 3. Area under the curve, sensitivity, specificity and cut-off values.
Cut-off Sensitivity Specificity H
Rh .897 7.555 .800 837
Rv 922 7.395 .850 849
CKI 927 1.0150 .863 1.0
Rm 929 7165 .888 802
ISV 983 37.5 963 965
IHD 985 0.015 975 988
Rmin 985 71650 975 975
Kl 986 1.0650 .963 988
IHA 992 15.8100 975 965
ABR 992 113150 975 953
Kmax 994 48.050 963 .988

N32omBeHume ROC-kpuBu (maéauuwa 3) ycmaHoBuxa gobpo
npegcmaBaHe om monomempuyHume uHgekcu. TMoymu Bcuuku
u3cAegBaHu napamempu umaxa naow, nog kpuBama, no-20AAma om
0.900, kamo uskaloueHue npaBu camo XOpu3OHMAAHUAM PO20BUYEH
paguyc (Rh), yuamo naowt nog kpuBama e 0.897.
TonomempuyHuAm uHgeke ¢ Hal-20Aama naow, nog kpuBama e Kmax
(puzypa 3) coc cmotrocm om 0.994 npu vyBemBumeaHocm om
0.963 u cneuuduyrocm om 0.988 3a ,cut-off* cmoaHocm 48.05. IVA
uHgekcom 6e Ha Bmopo mAacmo no naow, nog kpuBama ¢ 0.993 npu
cersumuBHocm om 0.975 u cneyuduyHocm om 0.988.

Bmopomo macmo cu nogeaam [HA u ABR, koumo umam naou
nog kpuBama om 0.992 (pueypa 4). 1 gBama uHgekca ca ¢
yyBemBumearocm om 0.975, Ho IHA uma yyBecmBumeaHocm om

The topometric index with the highest area under the curve was Kmax
with a value of 0.994 with a sensitivity of 0.963 and a specificity of
0.988 for a cut-off value of 48.05 (Fig. 3).

The IVA index was second in area under the curve with 0.993 with a
sensitivity of 0.975 and a specificity of 0.988.

The second place was shared by IHA and ABR, which had an area
under the curve of 0.992. Both indices had a sensitivity of 0.975, but
IHA had a sensitivity of 0.965 and ABR—0.953. The cut-off values
were 15.81 for IHA and 1.1315 for ABR, respectively (Fig. 4).

The keratoconus index, Rmin, and IHD had almost the same
area under the curve—~0.986 for KI, 0.985 for IHD and Rmin. The
combination  sensitivity/specificity/cut-off value was as follows:
KI—0.963/0.988/1.065, Rmin—0.975/0.975/7.1650, and IHD—
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Fig. 4. Area under the curve for IHA, IHD, and ABR.

0.965, 2 ABR 0.953. ,Cut-off* cmotHocmume ca cbomBemHo 15.81
3a|HA u 11315 3a ABR.

Kepamokoryc ungekcom (KI), MuHUuMaAHuam poz2oBuyeH paguyc
(Rmin) u uHgekcom Ha BucOYUHHA geueHmpauua umam noymu
egHakBa naow, nog kpuBama — 0.986 3a KI, 0.985 3a IHD u
Rmin.  KombuHauuama uyBcmBumeaHocm/cneyuduyHocmy/,cut-
off* cmodHocm ca cvomBemno: Kl 0.963/0.988/1.065, Rmin
0.975/0.975/71650 u 3a IHD 0.975/0.988/0.015. VHgekcom Ha
noBopxHocmHa Bapuauus (ISV) uma naow, nog kpuBama om 0.983,
npu vyBemBumearocm om 0.963 u cneyuduyuHocm om 0.965 npu
cmotHocm om 37.5 (duzypa 5).

O6CbXAHE

Tonozpackume kapmu yecmo ca nopBomo u3caegBae, koemo
Hac048a kbM guazHo3ama po20BuyHa ekmasus. B HacmoAawuAa mpyg
ce HabalogaBa wupok cnekmbp om Haxogku Ha MaH2eHUUaAHUMe
monozpadgeku kapmu, Ho B HAakou cAyyau Haxogkama e
HeybegumeAHa. [pu  me3u  nauueHmu  MOonoMempuyHUMme
nokasameau ca me3u, koumo nomBopkgaBam guazHozama.
CnocobHocmMMa Ha monomempuy4HUME UHgekcu ga gugepeHuupam
gkmamuyHu om 3gpaBu po20Buuu e gobpe npoyyeHa. Pesyamamume
B HacmoAwUA mpyg ca bAusku go gokaagBaHume.

Bcuuku uscaegBaHu napamempu nokas3Bam omAuYHa NAOWL NOg
kpuBama, kamo ma e no-2zoaama (0.900) 3a Bcuuku, ¢ uskaloyeHue
Ha XOpU30HMaAHUA po20BuyeH Mepugua (Rh).

Kmax e moxke 6u Had-4ecmo cnomMeHaBaHusm napamembop npu
nauueHmume ¢ po2oBuyHa ekmasua uAu CbMHeHue 3a makaBa, a
4ecmo ce u3noa3Ba u kamo napamembp, NpocAegABawl, cmagua Ha
3a60AABaHeMO uAU mepaneBmuyrua omaoBop (cAeg kpocAuHKUHR).
B HacmoAwama nybaukauua mod e BeauyuHama ¢ Had-Bucoka
naow, nog kpuBama om 0.994, a cowo maka npumekaBa u omauyHa
yyBemBumeaxocm (0.963) u cneuuduutocm (0.988). 3acaykaBa
Ccu ga omoeaekum, Ye nauueHmume, koumo cme uscaegBaau, ca 8
CpaBHUMEAHO HanpegHaA cmagul Ha 3aboAAaBaHemo. OCHOBHUAM
Hegocmambk Kmax e npu nauueHmu coc cyokAuHuueH kepamokoHyc
UAU acumempuyeH, kogemo e BvbamokHo cmodHocmma My ga He
gocmuza go npenopbyaHama 8 Aumepamypama cut-off cmodrocm.
Om monomempuyHume uHgekcu ISV e BepoAmHo uHgekcom,
Ha kodmo ce Bb3naeam Hal-20neMU Hagexkgu. Kanellopoulos
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Fig. 5. Area under the curve for ISV, IVA, KI, and CKI.

0.975/0.988/0.015. The index of surface variance had an area under
the curve of 0.983, with a sensitivity of 0.963, and a specificity of
0.965 at a value of 37.5 (Fig. 9).

DISCUSSION

Topographic maps are usually the first step in the diagnostics of
corneal ectasia. In the current study we observed a wide range of
changes that pointed to the already mentioned conditions. However,
sometimes they are inconclusive. In such cases we can rely on the
topometric indices in order to verify the diagnosis.

The ability of topometric indices to differentiate ectatic from healthy
corneas has been well studied. The results in the present paper are
similar to those reported.

All studied parameters showed an excellent area under the curve, as it
was greater than 0.900 for all except Rh.

Kmax is perhaps the most frequently mentioned parameter in patients
with or suspected corneal ectasia, and is often used as a parameter
to monitor the stage of the disease or the therapeutic response (after
crosslinking). In the present publication, it was the value with the
highest area under the curve (0.994), and also had excellent sensitivity
(0.963) and specificity (0.988). It is worth noting that the patients
we studied were at a relatively advanced stage of the disease. The
main drawback of Kmax is in patients with subclinical keratoconus
or asymmetric one, where its value may not reach the recommended
cut-off values in the literature.

Of the topometric indices, ISV is probably the index on which the
greatest hopes are placed. Kanellopoulos (17) and co-authors
defined the aforementioned index as an excellent parameter in the
early diagnosis of keratoconus. In the present work, ISV was inferior
to almost all other topometric index, but nevertheless the area under
the curve was one of the highest reported in the literature—0.983. In
comparison, Ugakhan (18) and Ramos (19) reported values of 0.800
and 0.977, respectively.

The largest discrepancy in our results was observed for the IHA
and CKI indices, for which the obtained areas under the curve were
significantly higher than the majority of the reported ones. The index
of height asymmetry had an area under the curve of 0.992 in our
study, but in similar studies its values are significantly lower. Lopes
(20) reported an area of 0.911, and Ugakhan and team ranked it as
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(17) u cvaBmopu onpegeAasm 2opecnomeHamus UHgekc kamo
OMAUYEH napamemup B paHHama guazHocmuka Ha kepamokoHyca.
B Hacmoawua mpyg ISV omcmonBa Ha noumu Bcuuku gpyau
monomMempuyHu uHgekcu, Ho Bonpeku moBa ycmaxoBeHama
naow, nog kpuBama e egHa om Had-Bucokume gokaagBaHu B8
aumepamypama — 0.983. 3a cpaBrerue Ugakhan (18) coobuwiaba 3a
naou, nog kpuBama om 0.924, a Ramos (19) gokaagBa cmodHocmu
om 0.977.

Had-20AaM0 pa3muHaBaHe npu pesyamamume Hu ce HabalogaBa 3a
uxgekcume IHA u CKI, 3a koumo noayyeHume naowu nog kpuBama
Ca 3Ha4umeAHo no-Bucoku om mHo3uHcmBomo om gokaagBaHume.
[HA uma naow, nog kpuBama om 0.992, Ho npu CxogHU NPOoy4BaHuA
cmouHocmume My ¢a 3Ha4umeAHo no-Hucku. Lopes (20) coobuwaBa
3a naow, om 0.911, a Ucakhan (18) u koaekmuGB onpegeadm 3a
Had-3Ae npegemaBAaulus ce monomMempuyeH uHgekc 8 mAaxHomo
npoy4BaHe ¢ naoul nog kpuBama om egBa 0.852. PasamunaBasemo
npu CKI e cxogHo — B HacmoAwuA mpyg naowma nog kpuBama
0.927, a B aHanozuyHu nybaukauuu Bapupa mexgy 0,887 — Ugakhan
(18), 0.824 —Orucoglu(21), u 0.763 —Huseynli (22). Te3u pesyamamu
ca no-ckopo He3agoBoaumenaru B cpaBHeHue ¢ npegemaBaHemo Ha
gpy2ume mMoNOMeMPUYHU UHgekcu.

3AKAHOYEHNE

Nmvadku npegBug, 4e B nocaegHo Bpeme Bce no-20AAMO
BHUMaHUe ce omgeAs Ha u3cAegBaHemo Ha 3agHama pozoBuyHa
noBopxHocm (0COGEHO NpU PaHHUME/CybKAUHUYHUME cmaguu Ha
3360A48aHemo), po2oBuyHama momozpadus ce ymBopkgaBa kamo
0CHOBeH Memog B guazHocmukama Ha ekmasuume. Bonpeku moBa
MAayugo 6asupaHume anapamu Bce owle umam cB8oemo MAcmo B
guazHocmukama Ha kepamokoHyca U MapauHaAHama neayuugHa
gezeHepauua  kamo npegAazam  3Ha4UMEAHO  koAudecmBo
UHdOpMAUUA 3a po20Bu4HAMa 260MeMpUA.

the worst performing topomeric index in their study with an area
below the curve of just 0.852. The discrepancy in CKl is similar—in
the present work the area under the curve was 0.927, and in similar
publications it varies from 0.887 (18), 0.824 (21) to 0.763 (22). These
results are rather unsatisfactory compared to the performance of other
topometric indices.

CONCLUSION

Given that more and more attention has recently been paid to
the examination of the posterior corneal surface (especially in
the early/subclinical stages of the disease), corneal tomography
is gaining ground as a major method in the diagnosis of ectasias.
However, Placido-based devices still have a place in the diagnosis of
keratoconus and marginal pellucid degeneration and offer a significant
amount of information about corneal geometry.
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