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Table 1. Demographic characteristics of study subjects (n = 71)
Sex

Male 32 (45.1%)
Female 39 (54.9%)
Age 59.41 £+ 15.85
NCT 13.44 + 3.09
Icare 14.23 + 2.86
Tono-Pen 15.65 + 3.42
GAT 13.56 + 3.33

Values are presented as mean + SD.
GAT = goldmann applanation tonometer; NCT = noncontact
tonometer.
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Figure 1. Bland-Altman plots of difference versus the mean
plot illustrating the intersessional repeatability of IOP meas-
urements with the Icare tonometer. The solid line represents
the mean bias and the dashed lines represent +1.96 SD con-
fidence interval (CI) (i.e. 95% of the points should fall within
these lines). SD = standard deviation.

Table 2. Intraclass Correlation Coefficient (ICC) of IOP meas-
urements using different tonometers comparing with GAT as
standard

ICC 95%CI
NCT 0.679 0.530-0.788
Icare 0.811 0.712-0.878
Tono-Pen 0.749 0.625-0.837

NCT = noncontact tonometer.

AR 27431 MBS ¢1RD2 13.44 + 3.09 mmHg, 2Hke=
ORMAR 245 QIKEREE 91D 14.23 + 2.86 mmig,
Erdog =43 oRNE W ¢19H)-S 15.65 + 3.42 mmHg,
ZETE AR AR S5 N (FERE ¢h)2 13.56
+ 3.33 mmHg$cH(Table 1).

Icare2 & ¥ 343t guket QF =S vl A, ICC
0.981, 95%A18] 77 confidence interval; CI) 0.969—0.988
o7 | =2 AAAS H$ O Bland—Altman plotE
AlEeE Adat, & ¥ AT 2RkE by 7he] BHat Zjo|
2 0.08 mmHg$ 31, ¥ME=(95%CH2 £1.13 mmHg=
o}F 9-3to] o] 7|49 HHEA (repeatability) o] £S-&
ghelgh 4= Udch(Fig. 1).

T QbrS 7102 HIHSE Y ERkRE YL B
=gl Qreke] YIS SRl Ay}, #HkE QRHICC
0.811, 95%CI 0.712—0.878)0] 7} A x]AJo] =gt t}
2oz BELd QFHICC 0.749, 95%CI 0.625—0.837), H]
A= HICC 0.679, 95%CI 0.530—0.788) <=o]3ith
(Table 2).
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Figure 2. Bland-Altman plots of agreement between Goldmann
applanation tonometer and noncontact tonometer for normal
eyes. The differences in IOP of both tonometers (Goldmann
applanation tonometer value minus noncontact tonometer val-
vue, mm Hg) are plotted against the average of the IOP of both
tonometers. The solid line represents the mean bias and the
dashed lines represent +1.96 SD confidence interval (CI) (i.e.
95% of the points should fall within these lines). SD = stand-
ard deviation.
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Figure 3. Bland-Altman plots of agreement between Goldmann
applanation tonometer and Icare for normal eyes. The differ-
ences in IOP of both tonometers (Goldmann applanation ton-
ometer value minus noncontact tonometer valvue, mm Hg) are
plotted against the average of the IOP of both tonometers. The
solid line represents the mean bias and the dashed lines repre-
sent +1.96 SD confidence interval (CI) (i.e. 95% of the points
should fall within these lines). SD = standard deviation.
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Figure 4. Bland-Altman plots of agreement between Goldmann
applanation tonometer and Tono-Pen for normal eyes. The dif-
ferences in IOP of both tonometers (Goldmann applanation
tonometer value minus noncontact tonometer valvue, mm Hg)
are plotted against the average of the IOP of both tonometers.
The solid line represents the mean bias and the dashed lines
represent +1.96 SD confidence interval (CI) (i.e. 95% of the
points should fall within these lines). SD = standard deviation.

(%)

907 .
80

2740
70
32.86
60 -
W =40
50 7 LY 22010 <4.0
<2
40 - W <20
30 63.01
20
30.14
10
0
NCT Icare Tonopen

Figure 5. Incidence of absolute value for IOP differences between
noncontact tonometer, Tono-Pen, or Icare and Goldmann appla-
nation tonometer (considered as a reference) measurements.

+3.75 mmHg& 7} &Qkon, v|@Z= QRke 45.05 mmHg
2 7 W lck(Figs. 2—4).

ZTTE IS 7|0 R 7 bt QHES] eat A
e <2.0, =2.0 to <4.0, >4.0 mmHg 3702 o]
A B Aot oxF Adigh <2.0 mmHg o] 7 Wk
9 b= 2HREE QFFolflaL, theo] vl QIS Bl
#H okel o]t ZH7t 63.01%, 50.00%, 30.14%). 92}
gk =4.0 mmHg o] 717 Wt Qrehe Eleul Qkef

ol I Ty HIRSE olglon, 2HbeE Qo]

71 A ATH ZkzF 28.77%, 17.14%, 9.59%)(Fig. 5).
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O Ao mEd FEr GEeAe] HEE2 £3.15

2 Ao A T H S5 2uke
ICC 0.981, 95%CI 0.969—0.988, Bland—Altman plot *ou
Bt ZFo]Zk 0.08 mmHg, HEZ(95%CI) +1.13 mmHg$
o, o] Ao HT} o =3 REEAS Kook

2 =EollA] AlRYEE AR o] EAolA], vl <t
o, U QRef, Edl okt 5 gluke= Qieto] Z&nt
ottt b 43k AL HHYTHICC 0.811, 95%CI
0.712—0.878)(Table 2). Bland—Altman plot EAJo]A],
ZEUE QRRMRe] Bt xfo] g HIH S Qigto] +0.2 mmHg
2 7P Ao 95% AF A7 +5.05 mmHgE 7}
ZEelon, guhet Qo2 Bt 2] gho] —0.7 mmig
2 HAZE okt the oz Al oL AE] 040 #

o] EAo] 95% AFE7He +3.75 mmHgZ A 714
AR FollA 7HE FIL 95 o 4= Aok (Figs. 2—4).
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QA7F AL o] 7H Wd Al EukEE A
Hrh(Fig. 5). o] e] AFE Kot gulE Qheke F=
ul okela} u|wate] AFkAjo] ©223t Ao 7 wo] Qluh(r=
0.89; p<0.0005).”" 3+H ® oIFLo|A Zul oketw} 4.0
mmHg o4 Zpo]7} U= o] 7P Wkl Al Ex
Ho|Q=d)| 28.77%2] FAol| A 4.0 mmilg ©]Are] 2jo]7}
UAl 24 =|9lc}. Bandyopadhyay et a2 Ewdlo] &
ol QrgolelAlel AMubrozE Ax|Ao] EA|TE AR
(7.4%)0l4 2 2bo](£5 mmHg)7} 549 4= Qonz 3
olsfjof gh& A X3t vt 9lrt.

SlH ZEdF QI ORQIA 7 HEEA] o]ARA Q] AWRS of]

50 www ophthalmology.org



01zl @l ;

th ZEE QRIAZE AR heFel #E SO ¢
Aol A gl AMgEm 9l7] s o] 4l Goldmann
and Schmidt'7} 520 pum H#3=242F =7 (mean central
corneal thickness)E 7]&02 HA5}97| wfjfof ZHate]
77} o] FzomRE Yol Hu 240 Hetio
S WA Ho] QUek> 2ter UAE Bo 4

oflA Tt expfak aglojtk o] | ¢igtof wh=rd Zhd)
WA 9} 2t okt Afolof| 0.25%—0.67°° mmHg/diopter &
5] o} BA7E Lk Ho] Qlk. ofd @b kAl

ST SAEoR TR GBAPAR ek 25t
of % gre] BRghe PN MY 4 GOtk Ay
o7k BESIAG Zhate] mepolut Ak ubE 2o
A BERE QR glo] FABSAL Z4o| ol

E718l7| = sfck
3 A= a]@é okl A= Imbert—Fick H2& o] 83}
7] A HEALE = dlo] 27}
etgoleto @ 7|23l HRalo|u), Zute] 7] 4|
= A AL g o] 719)7F EERPE kAl R A
o7} BEasta 24 Aj7to] Zal 7HHGCH=
1/5000] &|@sl= 5 ms

2 24P die] ehpurol Qlek Sk
(o]

>

2 o H oo
2z s
e = oy

1 ot 2 o o o [r >~E
1o
N
fo
[;nis4
(A
L
il
_l
s
o |
~ &
rE
il
_ll}l'
o2
%
2
22
)
1o
rE
of

o BUANS B %bﬂom; polf o] <]
o 2HFE T 27 A7k shlo] w2 BAHE A
Kolc}. Abgo] ZHEsto] AR elg 2AHE £ 4 9
T Uslg s WA AMgSlRE B HeA Y
o] Ak 2 4 9l ol ek ST Bewk ¢
HORASH Wl aA] B QR el (<9 mmig)
A, 2 IFYAAE(=30 mmHg) 7 ZHEE 7
ol itk A ek

upzjulo g guRes ,_P H4|(Rebound tonometer, Icare®,
Helsinki, Finland)+= $]of] 53t =9k etetAlel
Aed F5staa vy o] =¢d 2oz [y}
Z=(inductive/impact) 2] Q|5 o]-&3tc}. Frjalo] =1
A A] glole (s &7 7HsstiA = ZERE &
FArACE AR et ket o] 7Hsg Ao
Ho|eh M Ay el 9 H(irregularity)of] o8t

F& AA wrom, v AL sz A AU

AT o Utk =3 AlS5EnEo] TR gobA £4
AA7F AR ER AL F90ls B S780] 8ol
SITE Y e 9] go)7] wRo| ZAAucE 474 w7
7hsstal wetba] 7)ate] Zhak HEo R Qg ghgxute)

L.

Z}

O:

-

O:

2HRE A -

Si@ol Moo, Rolurie go] wrkiel 47 1
mm (ZEgF g okelA: 3.06 mm, Exd: 1.02 mm) &
£2 §7] ule] ke gl vsik AHon A%
2 Zhakg|oF ZhatsEr =o] Zhal xHo] o

i Oy 71T

A Oke BAI A E ARRo] =& ZHo] %1]_4_.30.31 21

REFERENCES

1) Goldmann H, Schmidt T. [ Applanation tonometry]. Ophthalmologica
1957;134:221-42.

2) Whitacre MM, Stein R. Sources of error with use of Goldmann-
type tonometers. Surv Ophthalmol 1993;38:1-30.

3) 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.

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

5) Kohlhaas M, Boehm AG, Spoerl E, et al. Effect of central corneal
thickness, corneal curvature, and axial length on applanation
tonometry.. Arch Ophthalmol 2006;124:471-6.

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

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

8) Vajaranant TS, Price MO, Price FW, et al. Intraocular pressure
measurements following Descemet stripping endothelial keratoplasty.
Am J Ophthalmol 2008;145:780-6.

9) Ceruti P, Morbio R, Marraffa M, Marchini G. Comparison of dy-
namic contour tonometry and goldmann applanation tonometry in
deep lamellar and penetrating keratoplasties. Am J Ophthalmol
2008;145:215-21.

10) Fernandes P, Diaz-Rey JA, Queirds A, et al. Comparison of the
ICare rebound tonometer with the Goldmann tonometer in a nor-
mal population. Ophthalmic Physiol Opt 2005;25:436-40.

11) Jorge J, Fernandes P, Queirds A, et al. Comparison of the IOPen
and iCare rebound tonometers with the Goldmann tonometer in a
normal population. Ophthalmic Physiol Opt 2010;30:108-12.

12) Nakamura M, Darhad U, Tatsumi Y, et al. Agreement of rebound

/ww_ophthalmology.org 51



tonometer in measuring intraocular pressure with three types of ap-
planation tonometers. Am J Ophthalmol 2006;142:332-4.

13) Brusini P, Salvetat ML, Zeppieri M, et al. Comparison of ICare ton-
ometer with Goldmann applanation tonometer in glaucoma
patients. J Glaucoma 2006;15:213-7.

14) Martinez-de-la-Casa JM, Garcia-Feijoo J, Castillo A, Garcia-Sanchez
J. Reproducibility and clinical evaluation of rebound tonometry.
Invest Ophthalmol Vis Sci 2005;46:4578-80.

15) Shields MB. The non-contact tonometer. Its value and limitations.
Surv Ophthalmol 1980;24:211-9.

16) Vernon SA. Intra-eye pressure range and pulse profiles in normals
with the Pulsair non-contact tonometer. Eye (Lond) 1993;7(Pt
1):134-7.

17) Whitacre MM, Emig M, Hassanein K. The effect of Perkins,
Tono-Pen, and Schi6tz tonometry on intraocular pressure. Am J
Ophthalmol 1991;111:59-64.

18) Frenkel RE, Hong YJ, Shin DH. Comparison of the Tono-Pen to
the Goldmann applanation tonometer. Arch Ophthalmol 1988;106:
750-3.

19) Kao SF, Lichter PR, Bergstrom TJ, et al. Clinical comparison of the
Oculab Tono-Pen to the Goldmann applanation tonometer.
Ophthalmology 1987;94:1541-4.

20) Minckler DS, Baerveldt G, Heuer DK, et al. Clinical evaluation of
the Oculab Tono-Pen. Am J Ophthalmol 1987;104:168-73.

21) Davies LN, Bartlett H, Mallen EA, Wolffsohn JS. Clinical evalua-
tion of rebound tonometer. Acta Ophthalmol Scand 2006;84:
206-9.

22) Bandyopadhyay M, Raychaudhuri A, Lahiri SK, et al. Comparison
of Goldmann applanation tonometry with the Tonopen for measur-
ing intraocular pressure in a population-based glaucoma survey in

rural West Bengal. Ophthalmic Epidemiol 2002;9:215-24.

23) International Organization for Standardization. Ophthalmic In-
struments—Tonometers: 1ISO8612:2001. Geneva, Switzerland:
International Organization for Standardization; 2001.

24) Grieshaber MC, Schoetzau A, Zawinka C, et al. Effect of central
corneal thickness on dynamic contour tonometry and Goldmann
applanation tonometry in primary open-angle glaucoma. Arch
Ophthalmol 2007;125:740-4.

25) Holladay JT, Allison ME, Prager TC. Goldmann applanation ton-
ometry in patients with regular corneal astigmatism. Am J Ophthalmol
1983;96:90-3.

26) Rask G, Behndig A. Effects of corneal thickness, curvature, astig-
matism and direction of gaze on Goldmann applanation tonometry
readings. Ophthalmic Res 2006;38:49-55.

27) Mark HH. Corneal curvature in applanation tonometry. Am J
Ophthalmol 1973;76:223-4.

28) Shyn KH, Ahn SK, Cho HK, Kim BH. Comparison between intra-
ocular pressures measured by non-contact tonometer and gold-
mann applanation tonometer. J Korean Ophthalmol Soc 1994;35:700-3.

29) Abraham LM, Epasinghe NC, Selva D, Casson R. Comparison of
the ICare rebound tonometer with the Goldmann applanation ton-
ometer by experienced and inexperienced tonometrists. Eye (Lond)
2008;22:503-6.

30) Moreno-Montafi¢s J, Gosende I, Caire J, Garcia-Granero M.
Comparation of the new rebound tonometer IOPen and the
Goldmann tonometer, and their relationship to corneal properties.
Eye (Lond) 2011;25:50-6.

31) Moreno-Montafi¢s J, Garcia N, Fernandez-Hortelano A, Garcia-
Layana A. Rebound tonometer compared with goldmann ton-
ometer in normal and pathologic corneas. Cornea 2007;26:427-30.

52 www_ophthalmology.org



0174 9 : EHIRs otet -

=ABSTRACT=

Comparison of Intraocular Pressure Measured by Non-Contact
Tonometer, Rebound Tonometer, Tono-Pen,
and Goldmann Applanation Tonometer

Kyung Sik Lee, MD, Se Kyung Kim, MD, Eung Kweon Kim, MD, PhD, Tae Im Kim, MD, PhD

Department of Ophthalmology, Institute of Vision Research, Yonsei University College of Medicine, Seoul, Korea

Purpose: To compare the level of accuracy of intraocular pressure (IOP) measurements attained by non-contact ton-
ometer (NCT), rebound tonometer (RT) Icare®, and Tono-Pen (TONO-PEN AVIA®), using Goldmann Applanation ton-
ometer (GAT) as a reference value and to explore their clinical usefulness.

Methods: In a prospective study of 71 normal eyes, IOP was measured with NCT, RT, Tono-Pen and GAT. The IOP values
of were then compared between the eyes.

Results: RT showed statistically most significant agreement with the GAT [ICC 0.811, 95%CI 0.712-0.878]. In analysis of
Bland-Altman plots, NCT showed the smallest mean bias (+0.2 mm Hg) and widest Cl (95%ClI; £5.05 mm Hg), RT showed
relatively small mean bias (-0.7 mm Hg) and narrowest Cl (95%ClI; £3.75 mm Hg).

Conclusions: There was a significant agreement between the RT and the GAT measurements. We expect RT to be consid-
ered as a reliable alternative when IOP measurement with GAT is not feasible.

J Korean Ophthalmol Soc 2014;55(1):47-53
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