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Purpose: To compare the accuracy and agreement of intraocular pressure (IOP) and central corneal thickness (CCT) measure-
ments with noncontact tonometer Corvis Scheimpflug Technology (Corvis ST) versus noncontact tonometer (NCT), Goldmann
applanation tonometer (GAT), rebound tonometer (RBT), and ultrasound-based corneal pachymetry (US-CCT). The secondary
objective was to evaluate the corneal biomechanical values using Corvis ST tonometer in patients with glaucoma.

Methods: Thirty-one healthy participants and 47 patients with primary open angle glaucoma and normal tension glaucoma were
enrolled in this study. One eye was selected randomly. In each participant, GAT, NCT, RBT, US-CCT and measurements with
Corvis ST (Corvis-IOP and Corvis-CCT) were obtained. |IOP and CCT measurements of each device were compared. Device
agreement was calculated by Bland-Altman analysis. Additionally, corneal highest concavity parameters were compared be-
tween healthy subjects and glaucoma patients.

Results: Mean |OPs in all examined eyes were 13.28 + 2.32 mm Hg for CST, 14.71 £ 2.95 mm Hg for GAT, 14.44 + 3.10 mm Hg
for NCT, and 13.23 + 2.89 mm Hg for RBT. There was no statistical difference in IOP measurements among tonometers.
Correlation analysis showed a high correlation between each pair of tonometers (all p < 0.0001). Bland-Altman plots of all de-
vices revealed good agreement of the IOP and CCT measurements. In glaucoma patients, highest concavity time and peak dis-
tance of highest concavity parameters were statistically lower than in normal subjects (16.93 + 0.66 ms vs. 16.48 £ 0.84 ms p =
0.020, 4.23 £ 1.34 mm vs. 3.41 £ 1.27 mm p = 0.017, respectively).

Conclusions: The CST, a newly-developed tonometer with features of visualization and measurement of the corneal deformation
response to an air impulse, can be considered a reliable alternative method for measuring IOP and CCT in healthy subjects and
glaucoma patients. Highest concavity parameters could be another important indicator identifying corneal viscosity or elasticity
in patients with glaucoma.
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Figure 1. Intraocular pressure measurement by CST. A high speed Scheimpflug camera was equipped to record the movement of
cornea. The output also includes central corneal thickness and corneal biomechanical properties (applanation time, applanation
length, applanation velocity, and parameters of highest concavity). CST = Corvis scheimpflug technology; IOP = intraocular

pressure.
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Table 1. Demographic characteristics of study subjects

Demographics

Values

Total (n)

Healthy subjects
Glaucoma patients

Age (years)

Healthy subjects
Glaucoma patients
p—value*

Axial length (mm)
Healthy subjects
Glaucoma patients
p—value*

78 patients
(37 females and 41 males)
31
47 (POAG:20, NTG:27)

51.6 +£17.1
59.0 +£5.0
0.057

24.36 + 1.71
2475 + 1.49
0.312

Central corneal thickness (pm)

Healthy subjects
Glaucoma patients
p—value*

Corneal curvature (mm)
Healthy subjects
Glaucoma patients
p—value*

544.6 + 34.9
533.5 +£39.1
0.216

7.68 + 0.66
7.82 + 0.61
0.387

Corneal astigmatism (diopter)

Healthy subjects
Glaucoma patients
p—value*

1.13 £ 0.70
0.96 + 0.58
0.245

Values are presented as mean + SD unless otherwise indicated.
POAG = primary open angle glaucoma; NTG = normal tension

glaucoma.
*By student’s #-test.

0+

CST GAT

NeT RBT

Figure 2. Analysis of variance between mean intraocular pres-

sure values measured by different tonometers. There was no
statistically significant difference in IOP measurement among
the tonometers by ANOVA (CST vs GAT, p = 0.265 CST vs
NCT, p = 0.057 CST vs RBT, p = 0.744). IOP = intraocular
pressure; CST = Corvis scheimpflug technology; GAT =
Goldmann applanation tonometer; NCT = noncontact ton-
ometer; RBT = rebound tonometer.

SAIA U] 7HA] QIIAIR S ku|als SAR AR
T vs

Ot Aol 2 HolA] ¢

AFTHCS GAT p=0.265, CST

2 Corvis ST tonometer?| AUAX S2AM —

Table 2. Mean intraocular pressure values measured by dif-
ferent tonometers in normal subjects and glaucoma patients

Tonometers Values
Corvis ST tonometer (mm Hg)
Healthy subjects 13.37 £ 2.53
Glaucoma patients 12.77 + 2.37
Total 13.28 +2.32
p-value” 0.298
Goldmann applanation tonometer (mm Hg)
Healthy subjects 14.60 + 2.98
Glaucoma patients 14.86 + 2.94
Total 14.71 + 2.95
p-value’ 0.700
Noncontact tonometer (mm Hg)
Healthy subjects 14.48 + 3.50
Glaucoma patients 14.20 + 2.88
Total 14.44 + 3.10
p-value” 0.710
Rebound tonometer (mm Hg)
Healthy subjects 13.01 + 3.20
Glaucoma patients 13.56 + 2.34
Total 13.23 +2.89
p—Value* 0.420

Values are presented as mean + SD.
Corvis ST = Corvis scheimpflug technology.
*By student’s z-test.

vs NCT p=0.057, CST vs RBT p=0.744) (Fig. 2).

CSTS} 7} QIAIR S35 QI Aole] A =E B}
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Table 3. Correlation between different tonometers
CST GAT NCT RBT
Spearman CST 1 0.670" 0.746 0.679"
correlation GAT 0.670 1 0.656 0.645
NCT 0.746 0.656 1 0.684
RBT 0.679 0.645 0.684 1

Values present the correlation of intraocular pressure (IOP) gained from all subjects (healthy subjects and glaucoma patients).
CST = Corvis scheimpflug technology; GAT = Goldmann applanation tonometer; NCT = noncontact tonometer; RBT = rebound tonometer.

*p—value < 0.001.

Table 4. Mean CCT obtained with ultrasound pachymetry and Corvis ST tonometry of normal subjects and glaucoma patients

Mean US-CCT

Mean Corvis-CCT

Correlation (Pearson’s coefficient)

Glaucoma patients

Normal subjects

532.40 + 38.18

542.74 + 35.93

534.87 + 40.31

547.29 + 38.06

0.965
p < 0.0001
0.933
p < 0.0001

Values are presented as mean + SD.

US = ultrasound; CCT = central corneal thickness; Corvis ST = Corvis scheimpflug technology.

FolA £1.96 EZHA o|U)L -15.3~14.90]QIKFig. 5).
AR g BRI CSTE SAE- high-

est concavity parameters 5| 4+ highest concavity time

408

(16.93 + 0.66 ms vs 16.48 + 0.84 ms p=0.020)3} peak dis-
tance (4.23 + 1.34 mm vs 3.41 = 1.27 mm, p=0.017)7} =)
% BAlol A A OR GolslA 74sigir. Radius



- BHH - 553 : Corvis ST tonometer?| UAX 224 —

20,00 20.001
o o
18,0071 1800
16.00 16.00
= ao0d 5 1400
8 14.00° 8
12.00 12.007
o]
10007 o R? Linear = 0.442 100071 o RZ Linear = 0.623
o o
o o] (o]
8.001 8.004
o o] o
B IDl] 12'0!] 1 S?UD 1E‘DD 21 fDO g |Im 1 szu 1 5'00 1 EIDD 21 fDD
GAT NCT
20.004
o
18.004
16.004
'(7) 14.00
O
oo Figure 4. Correlation of CST, GAT, NCT and RBT. Significant
positive correlations were noted between CST and GAT (R =
ol 0.670, p < 0.001), between CST and NCT (R = 0.746, p <
o ° R? Lineer =0.504 0.001) and between CST and RBT (R = 0.679, p < 0.001) by
sood o o Spearman correlation. CST = Corvis scheimpflug technology;
9 9 GAT = Goldmann applanation tonometer; NCT = noncontact
750 000 1250 150 1750 2000 tonometer; RBT = rebound tonometer.
RBT
20.00 20004
o
_______________ e s g s e S 14.9
[+} [+] [+]
10,00+ 12.2 10,00 - 5
= o b 8 ®
8. & e = & Q 00 % o
- o o o ]
4 E o
S oo o 0 0 0 00 o o o oo = P
('.-; 5 o oo wo o 14 5 N . 00 [] N -0.4
Q o Q [}
n o] o o (] o o
=1 o e} - |
5 o0 00 (o] o
-10.00- (¢} o o -10.00 o
(0]
Q
o o -14.4 o ° 15.3
-20.007 -20.007
450[.00 SDC:.OO 550I 00 GOOI 00 SSOI.DD 400‘.00 450I 00 5OUI 00 550‘.00 GOOI 00 650I .00
Average of US-CCT and Corvis-CCT in glaucoma patients Average of US-CCT and Corvis-CCT in normal subjects

Figure 5. Bland-Altman plots between US-CCT and Corvis-CCT. The solid line indicates mean difference of both tonometers. The
dotted lines are 95% of limits of agreement. US = ultrasound; CCT = central corneal thickness.
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Table 5. Mean value parameters of highest concavity from Corvis ST for each subgroup of corneal compensated intraocular pressure

groups

Highest concavity

Time Peak distance Radius Deformation amplitude
Glaucoma patients 16.48 + 0.84 3.41 + 1.27 6.85 + 0.78 1.11 +0.16
Normal subjects 16.93 + 0.66 4.23 + 1.34 7.19 £+ 0.78 1.18 + 0.13
p-value” 0.020° 0.017° 0.088 0.051

Values are presented as mean + SD.
Corvis ST = Corvis scheimpflug technology.
"By student’s 7-test.

Al ARIEYTL olu)xo] 7N A= W o
QI714l Corvis ST AIYACSTIE of45te] WAt %
AR 50| okl 245193 NCT, RBT, GAT2} H]
4 9 el 9N4e Bk s 24

o 22wz 23 F4
1

8o H
v Bl de

f
o)
ox
i)
ne
N
ox
o
jus)
=
ol
)
¥R
o
H
rﬂ
0
w2
—
rulm
©
o
O]
)

o

stk

# ATolA HA TS e 3 ulwelA] CST
b g WA Qo] Z4Egion] T the RBT, GAT,
NCT <0194}, SHAat ] 714 QAR 2743t ke Aol

o EASHAOE Golgt Aol GIolck. T 2o of
[e)

AR S8 =g S 2 AR S 5
AsA oz gelat Aol glsich ol el Helat
B RS e o 7] olare] mupg el ALg
Folgon] Qiiol B $E0R 2R F97) oy
o|7] Wlmom Azt wEhA Qhel S| oA
& % 28 Mal 53¢ 248 ¢ < o
Bland-Altman plot Ao 4]+== NCT, RBT, GATZo]|A]

NCT7} CST ZA3}e} v A
71% AT Al GAT7} NCTR U= CST9} =
AL Ytk A77F APoH” £ Ao A NCT
2} RBT7} GATE T dX|Ao] =4 Ugth E3F Spearman
ARHEA M CSTO} NCTZF 7P 58 AR
0.746, p<0.001)Z 2 g0 RBT (R=0.679, p<0.001), GAT
(R= 0.670, p<0.001)2=0] itk

CSTo} 2&atz Z4H FAZREAGNN g

7y %@ UA L BT,

¥ 9N W

410

(R=0.965, p<0.0001)2} A Z=7{R= 0.933, p<0.0001) &
Tl =2 A Bk 4e] FAE S45=
o

2e Qe HBG Bl FYRASEot RYEAR
AT 5 YYHOE S Faste] A4 2L2uE ol §T
Zhy 7] Z0] Q. JINHE EEOE AGH o] Sith

43S lamina cribrosa level o] A]
wdst] ahgtel ol g =

W3e] Brlel LoiA

Bk vhe} o] & ol
H WA 54
/Ho] oN_—_x] ﬂo]g].oﬂ
3 o] nghest concavityA]of| 2
A= hlghest concavity time (16.93 + 0.66 ms vs 16.48 +
0.84 ms p=0.020)7} peak distance (4.23 + 1.34 mm vs 3.41
+ 1.27 mm, p=0.017)7} g2kl vl S S+t
oAl ZaEo] Q= 4£AS Heon Radius (7.19 + 0.78
mm vs 6.85 = 0.78 mm p=0.088)2} Deformation Amplitude
(118 £ 0.13 vs 111  0.16, p=0.051) SA] AAI2ZHET}
S St A FaE o] Aoy T Afol= FAEH
O 2 {931 R|= oklt} Highest concavity A]Q] SAE=
Yl 7HA] parameterE = wf B2t E T S 2x
oA Z+at9] elasticitylt viscosity7} EolA] 22 Q}Jf;_
4= A8l ol = ghxpo] Zhuko] wglo] A 4ktol H]
3 Ztha 3t Smedowski et al'’2] o1} x|t}
Z1gsat et o] 2 Qo] 3 HUg B 44
ol Al 9] Qere] F-ol3h Zol7t §il7] wiol Zh]

I

oZ:.ﬂI
ﬂg
‘|"‘r‘—>l:



o
oT

ol

ror

Aol QlojA] qketoll ofgt Aj @ 4= viAIE 4= AT
o] AV=5 TN Hks uf s S lamina cri-
brosa 5 QFEU] o2 AA| XA % elasticityY viscosity 7} 7+
cwlo] 918 4 o] Wl 7} fele] B aiel ofste)
QWIIAE 2 AT B4 wel 4 ot QA ol

A
(e}
9] ¢Fot Ak2-0] ¢)o] lamina cribrosao]] A3}t deformationS
[e)

I = 349 F47t qlol o B &4 E 5 U
o §2d 2 & U

A Aoz 7P Agtsial Rl S E A=
GATo|m o]&jo]] ZFHBkAL Zh2 AlTte] QefE S48 4
1= NCTL} RBT7F 2152 o] ALg 5 9lek. 0|5 kA
52 217} Aao) glen| 217te] ebAS Wshs
TEE A&HOR oo A1 etk & ALe] At
A€} o] CST& ole|gh AUAES tAIst A =
Slom 4R 9 Zietel AAIstY BAE HojE
th= HolA Aol ik E3F ks s Hrtstar
A&7 02 Aot S U Bl A oA 985t
A AT S S Ao Az Se) Zuke] AHolst
Z E4 3 highest concavity parametere= =% 359

Zato] viscosityL elasticity S T3l o] =32 1L, U
o}7} lamina cribrosa 5 WA Ayt 2|8l 54831 <F
T 2E AA|RF o] EAS dolls Hk o]k J= &
=2 F A0E A7t

2 AT Aoz AR, A iRt =7 A=
Aol A, s Sxpte] Qhgro] iR Agor %
AE|aL glo] gkgro] 2HEA] Y= HUWR A4 9
CST9 #to] 545 H7IsHA] Eth= Aotk Al 44
b} U ShAltol A 2] o] gt Zkako] AA| A5 B4
O] Zpol7b =i HQtere] A7t ARg-ell oJgh HskRIA|
£ A8 WA 4= gick= Holoh =% olof gt ®ek

A7} Z7lHow Wast Aow Az

AEHOR S oMl A4 3l CST7F dA) <t
o S48z WAQl GAT, NCT, &2 RBT9} 9431
AdE Holil 2gute S SHANEA ST
=2 A S AR Bl 8] 71 Al L A
A 57 $Ae HAE o lae Belskalnt Eat ey
o) Aot 54& ol8ste] U] HAEE =53t
I AR H B2 € 5 & AR AR,

REFERENCES

1) Comparison of glaucomatous progression between untreated pa-
tients with normal-tension glaucoma and patients with therapeuti-
cally reduced intraocular pressures. Collaborative Normal-Tension
Glaucoma Study Group. Am J Ophthalmol 1998;126:487-97.

2) Leske MC, Heijl A, Hyman L, et al. Predictors of long-term pro-

+ 5153 : Corvis ST tonometer?] UMM QM -

gression in the early manifest glaucoma trial. Ophthalmology
2007;114:1965-72.

3) Chihara E. Assessment of true intraocular pressure: the gap be-
tween theory and practical data. Surv Ophthalmol 2008;53:203-18.

4) Doughty MJ, Zaman ML. Human corneal thickness and its impact
on intraocular pressure measures: a review and meta-analysis
approach. Surv Ophthalmol 2000;44:367-408.

5) Liu J, Roberts CJ. Influence of corneal biomechanical properties
on intraocular pressure measurement: quantitative analysis. J
Cataract Refract Surg 2005;31:146-55.

6) Cook JA, Botello AP, Elders A, et al. Systematic review of the
agreement of tonometers with Goldmann applanation tonometry.
Ophthalmology 2012;119:1552-7.

7) Kotecha A, White ET, Shewry JM, Garway-Heath DF. The relative
effects of corneal thickness and age on Goldmann applanation ton-
ometry and dynamic contour tonometry. Br J Ophthalmol 2005;89:
1572-5.

8) Broman AT, Congdon NG, Bandeen-Roche K, Quigley HA. Influence
of corneal structure, corneal responsiveness, and other ocular parame-
ters on tonometric measurement of intraocular pressure. J Glaucoma
2007;16:581-8.

9) Kwon TH, Ghaboussi J, Pecknold DA, Hashash Y. Role of corneal
biomechanical properties in applanation tonometry measurements.
J Refract Surg 2010;26:512-9.

10) Sullivan-Mee M, Billingsley SC, Patel AD, et al. Ocular Response
Analyzer in subjects with and without glaucoma. Optom Vis Sci
2008;85:463-70.

11) Huseynova T, Waring GO 4th, Roberts C, et al. Corneal bio-
mechanics as a function of intraocular pressure and pachymetry by
dynamic infrared signal and Scheimpflug imaging analysis in nor-
mal eyes. Am J Ophthalmol 2014;157:885-93.

12) Luce DA. Determining in vivo biomechanical properties of the
cornea with an ocular response analyzer. J Cataract Refract Surg
2005;31:156-62.

13) Hong J, Xu J, Wei A, et al. A new tonometer--the Corvis ST ton-
ometer: clinical comparison with noncontact and Goldmann appla-
nation tonometers. Invest Ophthalmol Vis Sci 2013;54:659-65.

14) Chang DH, Stulting RD. Change in intraocular pressure measure-
ments after LASIK the effect of the refractive correction and the la-
mellar flap. Ophthalmology 2005;112:1009-16.

15) Kotecha A. What biomechanical properties of the cornea are rele-
vant for the clinician? Surv Ophthalmol 2007;52 Suppl 2:S109-14.

16) Morita T, Shoji N, Kamiya K, et al. Corneal biomechanical proper-
ties in normal-tension glaucoma. Acta Ophthalmol 2012;90:e48-53.

17) Terai N, Raiskup F, Haustein M, et al. Identification of bio-
mechanical properties of the cornea: the ocular response analyzer.
Curr Eye Res 2012;37:553-62.

18) Yu AY, Duan SF, Zhao YE, et al. Correlation between corneal bio-
mechanical properties, applanation tonometry and direct intra-
cameral tonometry. Br J Ophthalmol 2012;96:640-4.

19) Smedowski A, Weglarz B, Tarnawska D, et al. Comparison of three
intraocular pressure measurement methods including biomechanical
properties of the cornea. Invest Ophthalmol Vis Sci 2014;55:666-73.

20) Poostchi A, Mitchell R, Nicholas S, et al. The iCare rebound ton-
ometer: comparisons with Goldmann tonometry, and influence of
central comneal thickness. Clin Experiment Ophthalmol 2009;37:687-91.

21) Martinez-de-la-Casa JM, Garcia-Feijoo J, Castillo A, Garcia-Sanchez
J. Reproducibility and clinical evaluation of rebound tonometry.

411



- Ofstotntets| x| 2015 M 56 # A 3 S -

Invest Ophthalmol Vis Sci 2005;46:4578-80.
22) Jablonski KS, Rosentreter A, Gaki S, et al. Clinical use of a new po-
sition-independent rebound tonometer. J Glaucoma 2013;22:763-7.

23) Bhartiya S, Bali SJ, Sharma R, et al. Comparative evaluation of
TonoPen AVIA, Goldmann applanation tonometry and non-con-
tact tonometry. Int Ophthalmol 2011;31:297-302.

11
Hl
MO
b
Jhy

11

Corvis ST Qrt7|2t EFQtRIAI2LC| OFRt H|m H
iLHﬂ 2txtoM e LEH FEY

SN Z7IZA00| THE 28 HYS HEM SA0] ¢S YL £ U= M2 AL AR Corvis ST AYA(CST)2t SE0F 2HOL
AI(GAT), HIZZAUAINCT), 2/HI2EMYA(RBT)Z SHE Y2 Hlwato] 2 et ol LUx|Hol el LotE, =g Hot
of A0 X FEHoil that %*orﬂxr St

CHetmt Whe: A 310 SLZEIXt 47QHS CST, GAT, NCT, RBTS 0|80t0f QFfS S&otUCt 2t A2 st oterol Yx|
EE EM5t7| Yk Bland—-Altman ploto o|R fHom 2t oterA|o] ARTUAHAS EAFSH| el Spearman AZEMS A|HGHAILCY
CSTet Z2IE 0850 ZHUUFME Hlwotd UX=E MoIUC ot SUFBAIRL Fofote] CsT2 - E 2ato| x|
oot +XISS HIWEMSIAUCH

HDp 2} OIUAE ZHG DE AT O1RFS CST: 13,28 + 2,32 mmHg, GAT: 14.71 + 2,95 mmHg, NCT: 14.44 + 310 mmHg,
RBT: 13.23 + 2.89 mmHgO|R{Ct, 2t OF4A| Zhol| Ot EAEtM oz R0/5t Xt0|= U2 Bland—Altman plotOAf CST= GAT,

mH LA
NCT, RBT?t =2 AX|=E B0 A

el
HEMUME 2 &
B0 YT sUFEXI0AM CSTL x|t +x|S
EJstdoz Qo|5tA HAGIFHCHI6.93 + 0.66 ms vs 16,

o
o
e}
A
>
N
[m]

| & 0
ZE: Corvis ST QA= ot 3 SAZats
Ct. Highest concavity timet peaK distance
Ztob Mo 9l EFMO| ZA L=

=

(ChEtOtmEE3| K| 2015:56(3):404— 4w2>

T =2 A4 E B0 CST 282 S HAUSAMEFHE =2 LXE=E
x 2 m =LHE SHXHolM highest concavity time?} peak distance7t
84 ms p=0.020, 423 +
9| HAAE AT

el
A7t =UE X0l SASEez

1.34 mm vs 3.41 £ 1.27 mm p=0.017).
Qo] Zfoto| MH|atY S olA] BOiZE
2 2 [ =Sl

412



