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BwBegeHue: V13mepBaxemo Ha BbmpeoyHo HaaszaHe (BOH) e egHo om cmargapmHume u3cAegBaHus npu
u3BopwBaHemo Ha 06cMoeH 04eH NpezAeg. Teu CMoUHOCMU C¢a U eguH Om napaMempume, ¢ koumo ce

yA. ,Maput IpuroB" 55 guazHOCMULUPA U NPOCAEgABa EgHO OM YECMUME COUUAAHO3HAYUMU 0YHU 3a60AABaHUA — 2Aaykomama.
BapHa, 9002 Emo 3aulo moyHomo usmepBate ¢ 20aama noBmopaemocm U Hucka cmener Ha zpewka e om pewaBaluo
g-mail: evgeni.neshkinski@mu-vara.bg 3HaueHue 3a npaBuAHama guazHosa, NpocAegaBaHe U AeyeHue Ha moBa 3a60AABaHe.

Liea: [1a ce HanpaBu cpaBHUMEAEH aHaAU3 Ha pesyAmamume, NoAyYeHU npu u3MepBaHe Ha BbmpeoyHo
HaAAzaHe ¢ 6eskoHmakmHa Bb3gywHa moHomempus (Tonopachy NT-530P) u uHoBamuBeH 6e3koHmakmeH
moHoMembp ¢ gemekuua Ha poeoBuyHusA buomexaHuyeH omeoBop (Corvis ST).

Mamepuanu u memogu: Hacmoawomo npoy4Baxe npegcmaBa pesyamamu, noAyyeHu om 20 nauuermu
(40 oyu), BkaloyumeAHo nauueHmu ¢ 2aaykoma (n=7) u koHmpoaHa 2pyna (n=13). Ha Bcuuku e uamepeHo
BompeoyHomo HaAA2aHe U e HanpaBeHa onmuyHa naxumempus ¢ 6eakoHmakmeH Bv3gyweH moHoMembp
Tonopachy NT-530P u 6eskoHmakmen moxHomemop OCULUS Corvis ST.

Peayamamu: CpegHume cmotHoCcmMU Ha BbmpeoyHo HaAdeaHe, usmepeHu ¢ Tonopachy NT-530P, ce
paBHABam Ha 17,97+4.04 mmHg, a usmeperu ¢ Corvis ST—coomBemHo 17.43+4.86 mmHg. MoAyueHume
pesyamamu nokasBam, ye pasaukama B HekopuzupaHume cmotHocmu Ha BOH 3a 0 mexkgy gBama
anapama ce paBHaBa Ha 0.515 mmHg cbc cmaHgapmHo omkaoHeHue SD=1.5118, p<0.01. CpegHama
pasauka npu usmepBaHe Ha Hekopuzupasume cmodxocmu Ha BOH 3a AQ ce paBHABa Ha 1.9 mmHg,
SD=2.7237, p<0.01. 3a kopuzupaHume cmoaHocmu Ha BOH Ha [10 gaHHume ce pasaudaBam cpegHo ¢
0,545 mmHg, SD=1,98162 mmHg, p<0.01, a 3a kopuzupaHume cmoaxocmu Ha BOH Ha AO: 1,78 mmHg,
SD=2,722668 mmHg, p<0.01. Peayamamume nokasBam, 4e npu npoy4BaHama 2pyna umMa meHgeHuun 3a
no-Bucoku cmodHocmu, NoAyYeHu ¢ moHomembpa Ha Tonopachy NT530P cnpamo Corvis ST. Pasaukama 8
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BbBEJEHNE

pesyamamume ce 3agbabouaBa ¢ yBeauuaBare Ha BOH npu nauueHmu ¢ abHopmHo Bucoku cmodHocmu
Ha BbmpeoyHomo HaAA2aHe.

3akalouenue: beskoHmakmHuam moHomemop ¢ gemekuua Ha buomexaHuueH omzoBop Ha po2oBuuama
e OWe eguH memog, koimo gonovABa Bov3moXkHocmume 3a NpeuusHa guazHocmuka Ha CbBpemeHHusA
0dmMaAmono2. baazogapeHue Ha gemadAHuA aHaAu3 Ha pozoBuuama, kotimo ce npaBu no Bpeme Ha
MOHOMEMPUAMA, MeMOgbMm 6U MO2bA ga NocAyKU 3a paHHa gemekuus u no-edekmuBHo npocaegABare
U AeYeHue Ha enaykoma.

KnalouoBu gymu: 6e3kormakmern moHomemup, Corvis ST, pooBuyxa buomexaruka, uHoBauus, eraykoma

ABSTRACT

Introduction: The measurement of intraocular pressure (I0P) is one of the standard tests in performing an
ophthalmology examination. These values are among the parameters used to diagnose and monitor one of
the commonly seen socially significant diseases—glaucoma. Therefore, accurate measurement with high
recurrence and low error rate is crucial for the correct diagnosis, monitoring, and treatment of these diseases.
Aim: The aim of this article is to make a comparative analysis between the results obtained by measuring
intraocular pressure, using a popular method with Tonopachy NT 530P non-contact air tonometry and
innovative Corvis ST non-contact tonometer with detection of corneal biomechanical response.

Materials and Methods: The current study presents results from 20 patients (40 eyes), including glaucoma
patients (n=7) and a control group (n=13). The intraocular pressure and optical pachymetry of all participants
were measured with Tonopachy NT-530P non-contact air tonometer and OCULUS Corvis ST non-contact air
tonometer.

Results:The mean values of 0P with Tonopachy NT-530P are equal to 17.97+4.04 mmHg mmHg, and
with Corvis ST—17.43+4.86 mmHg. The obtained results show that the uncorrected IOP of the right eye
(TOD) difference between the two devices is equal to 0.515 mmHg, with standard deviation SD=1.5118,
p<0.01. The average difference in the measurement of uncorrected I0P of the left eye (TOS) is equal to 1.9
mmHg, SD=2.7237, p<0.01. For the corrected TOD, the difference in results is 0.545 mmHg, SD=1.98162
mmHg, p<0.01, and for the corrected TOS, it is 1.78 mmHg, SD=2.722668 mmHg, p<0.01. The results
show that in the study group there is a tendency for higher values obtained with the Tonopachy NT530P
tonometer compared to Corvis ST. The difference in results is exacerbated by an increase in 0P in patients
with abnormally high IOP.

Conclusion: The non-contact tonometer with detection of biomechanical response of the cornea is another
method that helps the modern ophthalmologist. Thanks to the detailed analysis of the cornea, which is done
during tonometry, the method could be used for early detection and more effective monitoring and treatment
of glaucoma.

Keywords: non-contact tonometer, Corvis ST, corneal biomechanics, innovation, glaucoma

INTRODUCTION

[haykomMama € COUUAAHO3HAYUMO OYHO 3ab0AABaHe, egHa om
Bogewume Npu4UHU 3a Heobpamuma caenoma B 2A06aAeH Maulab
(1). MpegcmaBasBa 2pyna HeBpogezeHepamuBHU 3aboAABaHUA,
NPOMUYaWU CbC 3a2yba Ha PemuHaAHU 2aHeAudHuU kaemku u
npomaHa B gucka Ha 3pumeanua HepB (1,2). OcBeH ¢ Heobpamuma
3azyba Ha 3pumeAHa dyHkuus, 3aboasBaHemo ce xapakmepusupa
U ¢ yBpekgaHe Ha kayecmBomo Ha »uBom Ha nauueHmume (3).
PuckoBu dakmopu, koumo ca acouuupaHu CbC 3ab0oAABaHemo,
M02am ga 6bgam kakmo noBuweHume cmoaHocmu Ha BbmpeoyHo
HanAzaHe (BOH), maka u Bwv3pacm, noa, 2eHemuyHu ¢pakmopu,
(GamuAHa aHamHe3a, puckoBu HaBuuu kamo nyweHe u gp. (4,1).

Om MH020mMoO u36bpoeHu puckoBu pakmopu ce cyuma, Ye eguH
0m 0CHOBHUME U C Hal-20AAMa MeXkecm e UMEHHO cmodHocmma
Ha BOH (5). BompeouHomo HaadeaHe ce yBeauuaBa ¢ okoao
1 mmHg Ha Bceku 2 2oguHu B nepuoga meXgy pakgaHemo U
12-20guwHa Bv3pacm, kamo ce nokauBa om okoao 6-8 mmHg npu

Glaucoma is a socially significant disease, one of the leading causes
of irreversible blindness globally (1). Itis a group of neurodegenerative
diseases characterized by loss of retinal ganglion cells and changes
inthe optic disc (1,2). In addition to irreversible loss of visual function,
the disease is also characterized by impaired quality of life of the
patients (3). Risk factors that are associated with the condition can
be increased intraocular pressure (I0P) and age, sex, genetic factors,
family history, risk habits such as smoking and others (1,4).

Of the listed risk factors, it is considered that one of the main and most
important is the value of IOP (5). Intraocular pressure increases by about
1 mmHg every 2 years between birth and 12 years of age, rising from
about 6-8 mmHg in newborns to about 12+3 mmHg at the age of 12. In
healthy adults, normal pressure is considered to be between 10 and 21
mmHg (16 mmHg =2.5) (6). Despite these generalized values, IOP is
physiologically influenced by many systemic and ocular factors, including
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HoBopogeHume go okoro 12+3 mmHg Ha 12-20guwHa Bov3pacm.
[Mpu 3gpaBu Bv3pacmHu ce cHuma Ye HOPMAAHOMO HaAA2aHe uma
cmotHocmu mexgy 10 u 21 mmHg (16 mmHg +2,5) (6). Bonpeku
me3u 0606weHu cmotHocmu, BOH QusuonozudHo ce Bause
om mHokecmBo cucmeMHU U 04HU dakmopu, 8 muy. Bb3pacm
U kpbBHO HanAzaHe. Te3u (usuorozuyHu koaebaHus mpAbBa ga
fbgam omuyemeHu npu geduHUPaHe Ha HOPMAAHUME CMOOHOCMU
Ha BOH 3a Bceku nauuexnm (7).

CoBpemerHume moHomempu usmepBam BOH uHgupekmHo npes
po2oBuuama. Emo 3awo xapakmepucmuku kamo ueHmpaAHama
po20BuyHa gebeauHa (CCT), kpuBuHa U xugpamauua mozam ga
okakam BAuAHUE Bbpxy NOAYYEHUME Pe3yAmamu U ga NPOMEHAM
gedcmBumeAHUme  ¢mMOadHOCMU. [IONbAHUMEAHU BUOMEXAHUYHU
cBodcmBa (usBecmHu kamo po2oBuyeH xucmepesuc) Cobllo
okasBam BausHue (8).

MMoBeyemo nHeBmomoHomempu u3mepBam BOH Ha 6a3ama Ha
P020BUYHA anAaHauuA UAU UHgeHmauus. Teau anapamu npuemam,
Yye cuAama, Heobxoguma 3a B2vBaHe Ha pozoBuuama, 0omzoBapA Ha
BOH Ha HuBo Ha eHgomeA u caegoBamenro Ha BOH B npegHa kamepa,
usnoa3Backu dopmyra F/A=Pcp+tlOP, kbgemo (F) e cuaama,
npunokeHa Bopxy npegHa o4Ha noBvpxHocm (A), Pep e HaaazaHemo,
kopeAupauwo ¢ buomexaHuyHume cBotcmBa Ha po2oBuuama, a tIoOP
e peaaHomo BOH. Tasu ¢popmyaa 06a4e € HanbAHO BApHA camo 3a
MeopemuyHo 6e3kpadHo mbHka U chepuyHa poeoBuyHa 30Ha ¢
korcmaHmeH Buckoearacmuuumem. Emo 3auwo cnomeHamume
(Gakmopu, 0cBeH ugHMpaAHama pozoBuyHa gebeAuHa, Cobuwlo
okasBam BauaHue Bvpxy npeusyucAeHume cmodHocmu Ha BOH u
mpA6Ba ga 6ogam omyumaru (9).

EguH om Hal-6bp3ume u 6e30nacHuU Ha4UHU 3a u3mepBaHe Ha BOH
e 0eskoHmakmHama Bv3gywHa moHomempua. CouwiecmByBam
peguua moHomempu, kamo noBeyemo om mAx komOuHupam
usmepBaHemo Ha BOH ¢ uamepBaHe Ha ugHmpaAHama po2oBuyHa
gebdeAuHa U aBmomamuyHo npeusducAaBaHe Ha cmodHocmume
Ha BOH. Makap moBa ga gaBa 3Ha4yumeAaHO nO-gocmoBepHa
UHGOpMauuUA 3a gedcmBumeAHume cmodHocmu Ha BOH, 8
cpaBHeHUe camo ¢ MOHOMeMpUA, Pa3AUYHUME ypegu 3a usmepBaHe
Ha BOH B onpegeAeHu cayyau gaBam sHaqumenro omkaoHeHue (10).
Cnopeg npoyyBaHe Ha PasAUYHU HAYuHU 3a U3MepBaHe Ha
BOH, BkalouBawu ToHoneH, Bb3gyweH moHomembp U [0AgMaH
anAaHauuoHHa moxomempua (GAT) ¢ npeusyucaaBaHe cnpAMO
CCT ce ycmaHoBABa, ye npu u3noA3BaHe Ha TOHONEH NoAyYeHUMe
CMoOHOCMU ca Hal-6Ausku go mesu, NoAyYeHu, u3noA3Badku
3AaMHUA cmangapm Ha foagmaH (GAT). 3HaYumeAHo No-20AeMU ca
omkAOHeHUAMa npu u3noA3Baxe Ha Bv3gyweH moHomemup (10,11).

LLEA

HacmoAwomo npoy4Bane ueAu ga ce cpaBHAm cmodHOCMUME Ha
BOH, uamepeHu ¢ Bb3gyweH moHonaxumembp Tonopachy NT-530P
u 6eskoHmakmen moHomemop Corvis ST.

MATEPWAAIN 1 METOAIN

MpoyyBaHemo 6ewe npoBegeHo B CneuuarusupaHa 60AHUUA
no O4HU boAecmu 3a akmuBHo AeveHue (CBOBAA) — Bapha,
koAamo pasnonaza ¢ eguHcmBeHus B Boacapua 6eskoHmakmen
moHonaxumembp Oculus Corvis ST, cneueae no npoekm Ha (JoHg
Hayka kbm MeguuuHcku yHuBepcumem ,[pod. g-p [MapackeB
CmoaHo8* — Bapra (Puz. 1). WHoBamuBHuAm 6eskoHmakme

age and blood pressure. These physiological fluctuations should be taken
into account when defining normal I0P values for each patient (7).
Modern tonometers measure 0P indirectly through the cornea.
Therefore, characteristics such as central corneal thickness (CCT),
curvature, and hydration may affect the results obtained and alter the
actual values. Additional biomechanical properties (known as corneal
hysteresis) also have an effect (8).

Most of the pneumotonometers measure 0P on the basis of corneal
applanation or indentation. These devices assume that the force
required to flex the cornea corresponds to the IOP at the endothelial
level and therefore to the IOP in the anterior chamber using the formula
F/A = Pcp + tIOP, where (F) is the force applied to the anterior ocular
surface (A), Pcp is the pressure correlated with the biomechanical
properties of the cornea, and tIOP is the actual I0P. However, this
formula is completely true only for theoretically infinitely thin and
spherical corneal zone with constant viscoelasticity. Therefore, in
addition to the central corneal thickness, these factors also influence
the recalculated I0P values and should be taken into account (9).
One of the fastest and safest ways to measure I0P is non-contact air
tonometry. There are a number of tonometers, most of which combine
the measurement of IOP with the measurement of central corneal
thickness and automatic recalculation of the 10P values. Although
this provides significantly more reliable information on the actual IOP
values compared to tonometry alone, the different I0P measuring
devices in some cases give a significant deviation (10).

According to a study of various methods of measuring 0P, including
Tonopen air tonometer and Goldman applanation tonometry (GAT)
with recalculation depending on CCT, it was found that when using
Tonopen the values obtained are closest to those using the Goldman
applanation tonometry standard (GAT). The deviations when using an
air tonometer are significantly larger (10,11).

AIM

The present study aims to compare 10P values measured with the
Tonopachy NT-530P air tonopachymeter and the Corvis ST non-
contact tonometer.

MATERIALS AND METHODS

The study was conducted in the Specialized Eye Hospital, Vamna,
which has the only non-contact tonopachymeter Oculus Corvis ST in
Bulgaria, and won with a project of the Science Fund at the Medical
University “Prof. Dr. Paraskev Stoyanov” Varna (Fig. 1). The innovative
Corvis ST non-contact tonometer, in addition to standard optical
pachymetry, uses a high-speed camera to assess corneal elasticity
and thus provides a more accurate estimate of real corrected IOP and
corneal hysteresis. The device uses a high-speed camera with 4300
pictures per second, analyzing the biomechanical properties of the
cornea. In addition, a Tonopachy NT-530P non-contact air tonometer
was also used.

The present study included a randomized group of 20 people (40
eyes), of whom 60% were female (n=12) and 40% were male (n=8).
The mean age of the participants was 51.25 years with an SD of 13.479.
The youngest participant was 18 years old, the oldest 75 years old.
Three measurements of 10P and CCT were done in each eye. If
the difference in the three measurements exceeded 2 mmHg, the
patient rested for 10 minutes, after which the measurements were
repeated and the average values of all measurements were taken for
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Fig. 1. OCULUS Corvis ST non-contact tonometer, 0CULUS Pentacam HR, and analyzing software used in the study.

moHomembvp  Corvis ST, 0CBeH cmaHgapmHama onmuyHa
naxumempus, u3noa3Ba BucokockopocmHa kamepa, 3a ga OueHU
eAacmuuumema Ha pozoBuuama U no mo3u HayuH ga gage no-
moyHa oueHka 3a peaaHomo kopuzupaHo BOH u poz2oBuyHus
xucmepesuc. Anapamom u3noA3Ba BucokockopocmHa kamepa ¢
4300 cHumku B cekyHga, npaBelku aHaAu3 Ha GuOMeXaHU4HUME
cBodcmBa Ha pozoBuuama. 3a cpaBHeHue Ha pesyamamume bewe
u3noA3BaH U 6eskoHmakmeH Bv3gyweH moHoMembp Tonopachy
NT-530P.

Hacmoawomo npoy4yBaHe 06xBawa paHgomu3upaxa zpyna om 20
4oBeka (40 ouu), om koumo om keHcku noa 60% (n=12) u mokku
noa 40% (n=8). CpegHama Bv3pacm Ha yyacmHuuume bewe 51.25
2. coc SD 13.479. Had-maaguam yvacmHuk 6ewe Ha 18 2., Had-
Bb3pacmHuam Ha 75 2.

Ha GBcako oko 6Axa HanpaBeHu no mpu u3MepBaHus Ha
BbmMpeoyYHomo HaAAzaHe U UEHMpaAHama po2oBuyHa gebeAuHa.
Mpu pasauka 8 mpume u3mepBaHuA Hag 2 mmHg nauueHmbm
noyuBawe 10 muH, creg koemo usmepBaHuama 6Axa NoBmopeHu
U 32 aHaAu3 B3emu cpegHUMe cmodHocmu om Beuyku pesyamamu.
Cneuuando BHumaHue Oewe 00bpHamO Ha  kaacuueckume
2pewku, koumo ce gonyckam npu nHeBmomoHomMempus, kamo
cmuckaHe Ha kaena4yume om cmpaHa Ha nauueHma, HacUACMBEHO
omBapaHe Ha kaenadume, HenpaBuAHO u3mepBaHe Ha po20BuyHa
gebeAuHa npu HecmabuAHa u Aowa pukcauua u gp., kamo 8 mesu
CAy4au pesyamamume 6axa uskalougHu om cmamucmudeckama
obpabomka.

analysis. Special attention was paid to the classic mistakes made
in pneumotonometry, such as squeezing the eyelids by the patient,
forceful opening of the eyelids, incorrect measurement of corneal
thickness with unstable and poor fixation, etc., and in these cases the
results were excluded from statistical processing.

SPSS Statistics V19 software was used for statistical processing of
the obtained results.

RESULTS

Uncorrected 10P values of the right eye (OD), or TOD, showed a
difference between the results of the two devices, the lowest being
insignificant to 3 mmHg in one of the participants, which was equal
to 16.67% difference. In this case, the Tonopachy NT530P measured
higher 10P values, which coincided with other similar studies.
When analyzing the uncorrected values of IOP of the left eye (0S),
or TOS, of the participants, a difference was also observed, as the
largest established was equal to 8 mmHg, which corresponded to
a 20.51% difference between the measured values between the two
methods. In this case, with Tonopachy NT530P uncorrected IOP of
0S=39.0mmHg was measured, and with Corvis ST the uncorrected
IOP of OS was 31.0 mmHg. It is noteworthy that with the increasing
IOP, as in the case of glaucoma, the difference in the values obtained
between the two methods increased (Fig. 2).

The mean uncorrected I0P values measured with Tonopachy NT-
530P equaled 17.97+4.04 mmHg, and those measured with Corvis
ST—17.43+4.86 mmHg, respectively. The average difference in
the measurement of uncorrected I0P values for OD between the two

Uncorrected IOP values

,-JMeasured IOP
[9

= Uncorrected TOD using Tonopachy NT530T
= Uncorrected TOS using Tonopachy NT530T

10 11 12 13 14 15 16 17 18 19 20
Participants

= Uncorrected TOD using Corvis ST
Uncorrected TOS using Corvis ST

Fig. 2. Uncorrected I0P values of OD and OS using Tonopachy NT-530P and Oculus Corvis ST
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3a cmamucmuyecka 06padbomka Ha NoAy4eHUme pesyamamu bewe
usnoa3Bat copmyep SPSS Statistics V19.

PE3YATATIN

Hekopuzupasume cmoaHocmu Ha BOH Ha gacHo oko ([10) nokasBam
pasauka mexkgy peayamamume om gBama anapama, Bapupauiu om
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Fig. 3. Point distribution of the difference in percentages in the uncorrected values
between the two methods compared by mmHg.

He3HayumeAHu go 3 mmHg npu egud om yyacmHuuume, koemo ce
paBHABa Ha 16,67% pasauka. B mo3u cayyad Tonopachy NT530P
usmepBa no-Bucoku cmodaxocmu Ha BOH, koemo cvBnaga ¢ gpyau
aHaA02UYHU npoyyBaHuA. [Mpu aHaau3upaHe Ha HekopuzupaHume
cmoaHocmu Ha BOH Ha aaBo oko (AQ) Ha yyacmHuuume couwo ce
HabalogaBa pasauka, kamo Had-2oadamama ycmaroBeHa e paBHa Ha
8 mmHg, koemo om2oBapa Ha 20,51% pa3auka meXgy U3mepeHume
cmoaHocmu ¢ gBama memoga. Mpu mo3u cayyad ¢ Tonopachy
NT530P ce usmepBam HekopuaupaHo BOH Ha aaBomo oko 39.0
mmHg, a ¢ Corvis ST cbomBemHo HekopuzupaHomo BOHHaAO € 31.0
mmHg. paBu Bneyamaerug, Y& npu no-Bucokume cmpodHocMU Ha
BOH, kakmo e 8 cayyaume ¢ 2naykoma, pasaukama 8 noayueHume
cmoaHocmu Mexgy g8ama memoga ce yBeAuyaBa (dpue. 2).

CpegHume HekopuaupaHu cmodHOCMU HA BbMPEOYHO HaAA2aHe,
usmeperu ¢ Tonopachy NT-530P. ce paBHaBam Ha 17,97+4.04
mmHg, a usmepeHu ¢ Corvis ST — cvomBemHo 17.43+4.86
mmHg. CpegHama pasauka npu uamepBaHe Ha HekopuzupaHume
cmotHocmu Ha BOH 3a [10 mekgy gBama anapama ce paBHABa
Ha 0.515 mmHg, cbc cmaHgapmHo omkaoHeHue SD=1.5118,
p<0.01. CpegHama pasauka npu usmepBaHe Ha HekopuzupaHume
cmoaHocmu Ha BOH 3a AO ce paBHABa Ha 1.9 mmHg, SD=2.7237,
p<0.01. do u3BecmHa cmeneH HecbomBememBuemo ce gbAKU Ha

40.00%
30.00%
20.00%

10.00%

—0;00%.—

devices was equal to 0.515 mmHg, with SD=1.5118, p<0.01. The
average difference in the measurement of uncorrected IOP values for
0S was equal to 1.9 mmHg, SD=2.7237, p<0.01. To some extent, the
discrepancy was due to the difference associated with highly increased
IOP, but in general there was a tendency that the values measured with
Tonopachy were higher than those with Corvis ST (Fig. 3).

Corrected IOP values

g2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1810890

Participants

= Corrected TOD using Tonopachy NT530T
= Corrected TOS using Tonopachy NT530T

Fig. 4. Corrected IOP values of OD and OS using Tonopachy NT-530P and Oculus
Corvis ST.

= Corrected TOD using Corvis ST
Corrected TOS using Corvis ST

Inthe analysis of the results obtained after recalculation of IOP depending
on the CCT, a tendency for difference in measurements was observed
again. In the presented group of participants, the largest difference in OD
was 4 mmHg, which corresponded to a 15.75% difference (Tonopachy
NT530P=25.4 mmHg and Corvis ST=29.4mmHg). Again, there was
a tendency for a greater difference in the results obtained in patients
with elevated IOP. The recalculated result was correspondingly increased
from baseline due to the low CCT (CCT measured with Tonopachy
NT530P—462 um and 470 um with Corvis ST, respectively). The
recalculation added 3.7 mmHg in the first case and 5.4 mmHg in the
second, despite similar CCT values measured with both devices (Fig. 4).
The mean corrected 0P values of OD were 18.17+4.77 mmHg
measured with Tonopachy NT-530P and 17.62+4.86 mmHg
measured with Corvis ST. For corrected left eye I0OP values, the data
obtained was 19.74+6.27 mmHg measured with the Tonopachy NT-
530P and 17.96+5.69 mmHg measured with the Corvis ST. The
average difference in measuring the corrected values of OD between
the two devices was 0.545 mmHg with SD=1.98162 mmHg, p<0.01,
which was close in values to the measured deviations without
recalculation. For the values obtained from OS with the two methods,
the difference was 1.78 mmHg on average, SD=2.722668 mmHg,
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Fig. 5. Point distribution of the difference in percentages in the corrected values between the two methods compared by mmHg.




Evgeni Neshkinski

u3paseHama pasauka npu 3Ha4umeAHo noBuweHo BOH, Ho kamo
UAAO Ce 3ana3Ba MeHgeHuuAma, Ye cmoaHoCmume, U3MEpEHU C
Tonopachy, ca no-Bucoku, omkoakomo me3su ¢ Corvis ST (¢uz. 3).
Mpu aHaAu3 Ha pesyamamume, NOAYYEHU CAeQ NpeusyucAsBaHe Ha
BOH cnpamo CCT, omHoBo ce HabAlogaBa meHgeHuuA 3a pasauka
npu usmepBaHuama. B npegcmaBeHama 2pyna om yvacmHuuu
Hat-zonamama pasauka 8 [10 e 4 mmHg. OmHoBo ce 3abead3Ba
MEeHgeHUUA 3a Nno-zoAama pasauka B noayseHume pesyamamu
Npu nauueHmu ¢ noBuweHo Hag Hopmama BOH. MMpeusyucagHuAsm
PesyAmam e CbomBemHo NoBuLEH CNPAMO U3X0gHama CmodHocm
nopagu maaka ueHmpaaHa gebeauHa Ha po2oBuuama (CbomBemHo
usmepera CCT 462 um ¢ Tonopachy NT530P u 470 pum ¢ Corvis
ST). MpeusyucaaBanemo gobaBa coomBemHo 3.7 mmHg 8 nvpBus
CAyyad u 5.4 mmHg Bb8 Bmopua, Bbnpeku 6auskume cmodHocmu
Ha CCT, uamepeHu ¢ gBama anapama (duz. 4).

CpegHume kopuzupaHu cmodHocmu Ha BOH Ha [0 ca 1817+4.77
mmHg, usmepeHo ¢ Tonopachy NT-530P, u 17.62+4.86 mmHg,
uamepeHo ¢ Corvis ST. 3a kopuzupasume cmotHocmu Ha BOH Ha AQ
NoAyYeHUme gaHHu ca cbomBemno 19.74=6.27 mmHg, usmepeHo
¢ Tonopachy NT-530P, u 17.96+5.69 mmHg, uamepeHo ¢ Corvis ST.
CpegHama pasauka npu usmepBaHe Ha kopuzupaHume cmotdHocmu
Ha 10 mexgy gBama ypega e 0.545 mmHg ¢ SD=1.98162 mmHg,
p<0.01, koemo ce npubAukaBa kamo cmolHoCcMU go U3MepeHume
0e3 npeusyucAeHue OmKAOHEHUA. 3a CmMOUHOCMUME, NOAYYeHU
om AO ¢ gBama memoga, pasaukama CbomBemHO e CpegHo
1.78 mmHg, SD=2.722668 mmHg, p<0.01, kamo no-Bucokume
pesyamamu OmHoB0 ca noAyyeHu ¢ moHomembwpa Tonopachy.
MpoueHmHo pasaukama mexkgy cmodHocmume B8 gBama ypega e
7,4877%, SD=13.44407% (due. 5).

O6CbXAHE

B Aumepamypama uma o2paHuyeH 6pod cmamuu, cpaBHABawiu
pesyAmamume, noAydyeHU om  6e3koHmakmHu  mOoHOMempU
¢ gemekuua Ha po20BuyHuA  xucmepe3uc U kaacuuecku
nHeBMomMoHoMempU. B egHO 0m aHano2u4HUMeE npoy4BaHuA Ha
Jiaxu Hong et al. ce npaBu cpaBHeHue Ha Corvis ST ¢ beskoHmakmen
moHoMembp U [0AgMaH anAaHauuoHeH moHOMembvp. B Hezo
ca uscaegBaHu 59 nauueHmu, BkaloyumeaHo 36 ¢ 2aaykoma u
koHmpoAHa 2pyna om 23 yyacmHuuu, kamo cpegrHume cmoaHocmu
Ha BOH, koumo me noayyaBam, ca 18.9+5.8 mmHg 3a Corvis ST,
21.3+6.8 mmHg 3a cmangapmeH 6e3koHmakmeH mMOHOMeMbp
u 20.3+57 mmHg 3a loAgMaH anAaHauuoHeH MOHOMEeMbP.
Hama cmamucmuyecku 3Haquma pasauka 8vb8 BOH, usmepeHo ¢
pasAu4HUME MOoHOMEMpU, C uskaloueHue Ha gaHHUME, NOAyYeHu
mexgy Corvis ST u 6eskoHmakmHua moHomemop. ABmopume
3akalouBam, ye Corvis ST npegcmaBaaBa aamepHamuBeH memog
3a usmepBaHe Ha BOH, makap cmodHocmume HeBuHazu ga ca
B3aumHo3ameHaeMu (5).

MpoyuBaHe Ha loannnis Haldiadakis u ekun cpaBHABam
pesyamamume om usmepBaHe Ha BOH ¢ npeusyucasBaHe cnpamo
CCT, usnoasBatku Corvis ST, foAgmMaH anAHaUUOHHA MOHOMEMPUA
U onmuyHa kopHeanHa naxumempuA B koHmpoAHa 2pyna,
NAaUUEHMU C OYHA XunepmeHcua U NopBuyHa omkpumob2bAHA
2naykoma.  [poyyBaHemo cpaBHABa pesyamamume om 80
4oBeka, 30 ¢ MOBI, 25 ¢ 04Ha xunepmeHcuAa U kOHMPOAHA 2pyna
om 25 4oBeka. CpegHume cmotHocmu Ha BOH npu GAT Ha
Bcuyku o4u ca buau 17.2+3.6 mmHg, a cpegHama cmodHocm, ¢

p<0.01, and higher results were again obtained with the Tonopachy
tonometer (Fig. 5).

DISCUSSION

There are a limited number of articles in the literature comparing
the results obtained from non-contact tonometers with detection of
corneal hysteresis and classic pneumotonometers. In one similar
study by Jiaxu Hong et al., a comparison between Corvis ST non-
contact tonometer and a Goldman applanation tonometer is made.
It examined 59 patients, including 36 with glaucoma and a control
group of 23 participants, with a mean I0P of 18.9+5.8 mmHg for
Corvis ST, 21.3+6.8 mmHg for a standard non-contact tonometer,
and 20.3=5.7 mmHg for Goldman applanation tonometer. There was
no statistically significant difference in 10P measured with different
tonometers, except for the data obtained between the Corvis ST and
the non-contact tonometer. The authors conclude that Corvis ST is
an alternative method for measuring 10P, although the values are not
always interchangeable (5).

A study by loannnis Haldiadakis et al. compared the results of I0P
measurements with recalculation after CCT using Corvis ST, Goldman
application tonometry, and optical corneal pachymetry in a control
group, patients with ocular hypertension and primary open-angle
glaucoma (POAG). The study compared the results of 80 people, 30
with POAG, 25 with ocular hypertension, and a control group of 25
people. The mean GAT values of all eyes were 17.2+3.6 mmHg, and
the mean values with recalculated Corvis ST values were 15.9+3.7
mmHg, respectively. The results obtained from optical pachymetry
were 549.5+36.4 pum on average, and those from Corvis ST—
556.41.5 pm, without statistically significant difference. In conclusion,
the authors assume that the measured values of IOP and pachymetry
between GAT, optical pachymetry, and Corvis ST are comparable,
which is useful especially at low and high values of CCT (13).

In the Bulgarian literature there is a similar study by Z. Zlatarova and a
team comparing the values of I0P and CCT measured with Goldman’s
applanation tonometry, ultrasound pachymetry, and Tonopachy NT-
530P non-contact tonometer. The results show that of the 51 patients
(102 eyes) with glaucoma or suspected glaucoma, the mean IOP
measured with GAT was 17.26 mmHg and the 10P with a non-contact
tonometer was 16.40 mmHg, with a statistically significant difference
between I0P measured by both methods (p<0.001). The mean value
of CCT in the study group was 545 pm, measured by ultrasonic
pachymetry and 558 pm when measured by optical pachymetry. In
conclusion, according to the study, the difference found in the 10P
measured by the two methods is negligible for clinical practice.
However, the difference in CCT is more important, as it also affects
the values of recalculated I0P (14).

The results of our study coincide with those of other similar studies,
as the values obtained with Corvis ST and other non-contact
pneumotonometers are comparable, and the differences obtained are
negligibly small in clinical practice.

CONCLUSION

Glaucoma is a socially significant disease, one of the leading causes
of irreversible blindness worldwide, and, along with visual function, it
also affects the quality of life. Therefore, early and accurate diagnosis
and proper follow-up of these patients is of paramount importance. A
number of factors are important for the development and progression
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npeusyucaeHu cmoaxocmu om Corvis ST coomBemHo 15.9+3.7
mmHg. Pesyamamume, NoAy4eHU Om OnMuyHama naxumempus,
ca cpegHo 549.5+36.4 um, a om Corvis ST 556.41.5 pum, 6es3
cmamucmuyecku 3Ha4uma pasauka. Kamo 3akalouernue aBmopume
npuemam, 4e usMepeHume cmodxocmu Ha BOH u naxumempus
mexgy GAT, onmuyHa naxumempus u Corvis ST ca conocmaBumu,
koemo e om noA3a 0c0beHo npu Hucku u Bucoku cmodHocmu Ha
CCT (13).

B bvaeapckama Aumepamypa uma nogooHo npoyyBaHe Ha 3.
3namapoBa u ekun, cpaBHABawo cmodHocmume Ha BOH u
UeHMpaAHa poz20BuyHa (ebeAuHa, U3MepPeHU C anAaHauuOHHa
moHomempua no loagmaH, Y3 naxumempus u 6e3koHmakmeH
moHomembvp Tonopachy NT-530P. Pesyamamume om  He20
nokasBam, ye om u3caegBaru 51 nauueHmu (102 o4u) ¢ 2aaykoma
UAU cycnekmHa 2aaykoma, cpegHama cmotHocm Ha BOH, uamepero
¢ GAT e 17.26 mmHg, a masu Ha BOH, uamepeHo ¢ 6e3koHmakmen
moHomembvp B 16.40 mmHg, kamo couwecmByBa cmamucmuyecku
3Ha4uma pasauka mekgy BOH, usmepeHo no gBama memoga
(p<0.001). CpegHama cmoCOHOCM HAa UgHMpaAHama po20BuyHa
gebeAuHa B npoyyeHama 2pyna e 6uaa 545 um, usMepeHa c
yampa3BykoBa naxumempus, u 558 pm npu usmepBade ¢ onmuyHa
naxumempus. B 3akalouenue cnopeg npoyyBaHemo ycmaxoBeHama
pasnuka B uameperomo BOH no gBama memoga e npeHedbpeXxumo
manka 3a kauHuuHama npakmuka. Pasaukama B8 ueHmpaaHama
P020BUYHa gebeAuHa 06aye UMa NO-20AAMO 3HayeHue, Mol kamo
noBauABa u cmotHoCMUME Ha npeusyucaeHo BOH (14).
Pesyamamume om Hawemo npoyyBaHe cvbBnagam ¢ mesu om
gpyau aHaAo2U4HU NpoyyBanus, kamo cmodHOCMUMe, NOAYYeHU C
Corvis ST u ocmaHaaume 6eskoHmakmHume nHeBmMomoHoMempu,
ca cbnocmaBumu, a noAyYeHUMe pasauku ca npeHedpekumo Maku
8 kauHuuHama npakmuka.

3AKAHYEHIE

lhaykomama € COUUaAHO3Ha4yUMO OYHO 3a00AABAHE, egHa om
NpuYyuHUMe 3a Heobpamuma caenoma B cBemoBeH Mawab, kamo
£gHOBPEMEHHO CobC 3pumeAHama dyHkuua 3acdea u kauecmBomo
Ha kuBom. Emo 3awi0 paHHama u moyHa guazHo3a u npaBuAHOMo
npocAegABaHe Ha Me3u nauUeHmu e om NbpBoCMEeNeHHO 3HaYEHUE.
3a pas3Bumuemo U npozpecuAama Ha 3ab60AABaHEmMO 3HaueHue
umam peguua dakmopu, Ho eguH om nbpBocmeneHHUMe ocmaBa
BompeoyHomo HaAAzaHe. Mopagu UHgUpekmHomo u3MepBaHe Ha
cmodHocmume My npes pozoBuuama ca cb3gageHu Gopmyau 3a
npeusyucaABaqe Ha peaaHomo BOH. CoBpemeHHU npoy4vBaHus
gokasBam MHo02006pa3uemo om akmopu, 0cBeH UeHMPaAHama
pozoBuyHa gedeauHa, kamo kpuBuHama, xugpamauuama u
po20BuyHuUA  xucmepe3uc, koumo oka3Bam BausHue Bbpxy
u34ucAABaHemo Ha pearHume cmodHocmu 3a BOH.
CovBpemerHama anapamypa kamo 6e3koHmakmHua moHOMembp ¢
gemekuua Ha buomexaHuyHuA omeaoBop Ha pozoBuuama OCULUS
Corvis ST e gonvaHeHue kom Bo3mokHocmume 3a guazHocmuka
Ha CbBpeMeHHUA 0GMaAMOAO2 U 6U MO2bA §a GONPUHECE C gaHHU
3a npozpecuAama u edekma om AeyeHUemo Ha 2aaykoma, kamo
pe3yAmamume ca conocmaBumu ¢ me3u Ha gpyau 6e3koHmakmHu
NHeBMOMOHONaxumempu.

of the disease, but one of the primary remains I0P. Due to the indirect
measurement of its values through the cornea, formulas have been
created for recalculating the actual 10P. Recent studies have shown
a variety of factors, other than CCT, such as curvature, hydration, and
corneal hysteresis, that influence the calculation of actual |OP values.
Modern equipment, such as the OCULUS Corvis ST non-contact
tonometer with detection of the biomechanical response of the cornea,
is an addition to the diagnostic options of the modern ophthalmologist
and could contribute data on the progression and effect of treatment of
glaucoma, because the results are comparable to those of other non-
contact pneumotonometers.
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