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relation coefficient) H’ﬂ 2 A3 }Oﬂu}. E3} 247k oret

= =
Y3t EA sk B8 SPSS version 17.0 (SPSS Inc,
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= B+ —3.5 £ 3.1 e D), 44 FA= B+t 543.1
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tiake P_J OPOW GATZ =H3}F 77| "4t 14.65 + 3.36
mmHg2 714 W2kl Ieare Pro® rebound 9FA| 15.14
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AVIA® R} p=0.114, Icare Pro® QkeFah Tonopen AVIA®
okl p=0.276)(Table 1, Fig. 1).

ZY7Fo] QIIAIR Z743h Iy Aol o] YA =E H7te}]
3 Al8§st Bland—Altman plotof 4] GAT ¢Fta} Icare
Pro® orel, 71831 GAT ¢k} Tonopen AVIA® oFet A}
oloflA & YAEE Hom, hehe] il dgof uht
=39t APAS BolA @btk leare Pro® Qttdh GAT
Rl Atele] 95% A= 7 H(HH A + 1.96 EFEHA} 0]
U —3.810~2.8109431, Tonopen AVIA® <Fetyt GAT
ool Abo]€] 95% A7k —4.905~2.805% cH(Fig. 2).
FUATASE GAT ot Teare Pro® 2kt Afo]ojlA

Table 1. Subject characteristics

Age (Years) 54.1 + 18.5
Range 20 to 81
Sex (Male : Female) 260 : 203
Diagnosis (number) 463
Normal tension glaucoma 98
Primary open angle glaucoma 86
Normal 279
Systemic disease (Number)
DM 125
HTN 118
Spherical equivalent (D) -3.54+3.1
IOP (mm Hg)
GAT 14.65 + 3.36
Icare Pro® rebound tonometer 15.14 + 3.38
Tonopen AVIA® applanation tonometer 15.71 £+ 3.45
Central corneal thickness (um) 543.1 + 35.3
Range 450 to 629
Axial length (mm) 23.8 £2.2
Range 21.4t0 30.8

Values are presented as mean + SD.
IOP = intraocular pressure; GAT = goldmann applanation tonometer.
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0.934 (p<0.001), GAT otz Tonopen AVIA® €1} Ajo]
ol A 0.908 (p<0.001), 181 Icare Pro® ok} TonoPen
AVIA® o1} Atolof| 4] 0.865 (p<0.001)ct. ZFzhe] 95%
Al L7He 0.921~0.945, 0.889~0.923, 12|31 0.838~
0.8870]2t}.

T3t AL A o I GAT 9Fet} Ieare Pro® QFQF Afo]
oA R=0.876 (p<0.001), GAT ok}t Tonopen AVIA®
okl AboloflA] R=0.831 (p<0.001), Icare Pro® oFola}
Tonopen AVIA® okl Alolof A R=0.762 (p<0.001)2] =
2 AAHAE BAck(Fig. 3).
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Figure 1. Analysis of variance between mean intraocular pres-
sure values measured by different tonometers. GAT = gold-
mann applanation tonometer; ICare = Icare Pro® rebound ton-
ometer; TonoPen = TonoPen AVIA® applanation tonometer.
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Figure 2. Bland-Altman plots between different tonometers. The solid line indicatesmean difference of both tonometers. The dotted
lines are 95% of limits of agreement. (A) GAT and ICare. (B) GAT and TonoPen. GAT = goldmann applanation tonometer; ICare
= Icare Pro® rebound tonometer; TonoPen = TonoPen AVIA® applanation tonometer; SD = standard deviation.
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Figure 3. Scatterplots and regression lines between different tonometers. (A) GAT and ICare. (B) GAT and TonoPen. (C) ICare and
TonoPen. GAT = goldmann applanation tonometer; ICare = Icare Pro® rebound tonometer; TonoPen = TonoPen AVIA® applana-
tion tonometer.

Table 2. Distribution of differences between IOP measurements by Goldmann applanation tonometer, Icare Pro® rebound tonometer
and TonoPen AVIA® applanation tonometer

Differences | IOPGat -IOPicare pro® | | IOPGAT JOPonopen AVIA® | | IOPicare pro® TOPronopen Avia®|
<1.0 61.12 (283) 54.86 (254) 48.60 (225)

1.0-2.0 24.19 (112) 25.05 (116) 22.68 (105)

2.0-3.0 7.78 (36) 9.72 (45) 12.53 (58)

3.0-4.0 2.81(13) 475 22) 6.70 31)

4.0-5.0 2.59(12) 2.59 (12) 3.46 (16)

>5.0 1.51 (7) 3.02 (14) 6.05 (28)

Data are expressed as % (numbers).
IOP = intraocular pressure; IOPgar = IOP by goldmann applanation tonometer; IOPicarepre® = IOP by Icare Pro® rebound tonometer;
IOPronopen avia® = IOP by TonoPen AVIA® applanation tonometer.

Table 3. Correlations between central corneal thickness and Table 4. Simple linear regression analysis of factors affecting
IOP measured by tonometers IOP disagreement between tonometers

R p-value R’ p-value
I0PgaT 0.255 0.001 | 10Preare Pm® - IOPgaT |
IOPicare pro® 0.236 0.007 Age 0.510 0.037
IOPronopen Avia® 0.201 0.028 Spherical equivalent 0.001 0.662
Pearson’s correlation analysis for coefficient correlation analysis. IOPgar value 0.016 0.597
IOP = intraocular pressure; [OPgat = IOP by goldmann applana- Central corneal thickness 0.621 0.023
tion tonometer; IOPicrepre® = IOP by Icare Pro® rebound ton- Axial length 0.011 0.309
ometer; IOPronopen avia® = IOP by TonoPen AVIA® applanation | IOP1onopen AviA® - IOPGar |
tonometer. Age 0.380 0.045

Spherical equivalent 0.000 0.838
4 mmHg O]AO]—?_] ﬁo‘?’E‘ ICHI'G PI'O® ?_}?ﬁ’—]' GAT ?_}_?:]‘ /\}-O] IOPGAT value 0.000 0.962
® Central corneal thickness 0.459 0.041

oA 4.1%, GAT %kt Tonopen AVIAT QFeF Afejefj A= Axial length 0.007 0.317
5.61%, Icare Pro® 93k Tonopen AVIA® QF3F Afo]of| 4] R’ = coefficient of determination; IOP = intraocular pressure;
L 9.51%cH Table 2). IOPgar = IOP by goldmann applanation tonometer; IOPicarepro® =

IOP by Icare Pro® rebound tonometer; IOPtonopen avia® = IOP by

Z}7}o] ool ZA 5] ofokyl =A1 7k A+ .
A7re] AR S kit SazEEete] At TonoPen AVIA® applanation tonometer.

< A517] 918l Pearson %%PE'—& oM BF SATA S
2 FOgt o] AuAIE Hlom, GAT k& £=0.255 FFE vA = A A Sl AR ARAS AlY
(p=0.001), Icare Pro® ?‘l’%}% R‘=0.236 (p=0.007), Tonopen Sttt thes| B AS o] 838l A, 1A
AVIA® olgke R=0.201 (p=0.028)0]¢ltH(Table 3). AR, FAATA A kA 7‘0% Eddgic

Icare Pro® okt GAT ¢kl Afo], 12]31 GAT oketat Ha} Z=A)zpubs
Tonopen AVIA® okt Ato]o] ¢ke} 2% 7he] dz]mo a
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Table 5. Multiple regression analysis of factors affecting IOP disagreement between tonometers

Unstandardized Coefficient 3 Partial correlation coefficient p-value 95% CI
| IOPIcare Pr0® - I()PGAT |
Age -0.039 -0.263 0.041 -0.058 to -0.02
Central corneal thickness 0.020 0.305 0.019 0.008 to 0.032
| IOPronopen avia® - IOPGar |
Age -0.028 -0.155 0.049 -0.041 to -0.015
Central corneal thickness 0.015 0.271 0.035 0.004 to 0.26

IOP = intraocular pressure; IOPgar = IOP by goldmann applanation tonometer; IOPiarepro® =
IOPronopen avia® = IOP by TonoPen AVIA® applanation tonometer.

EAHOR Fot dzxtE velgtH(Table 4). A%y &
*EH‘%P%WJMI sl ohg AP AEES Alge AatolA
A} W BAEH 07 folshA QI 24| Ao]<]
%li]}l"ﬂ gre = Zloz yepdtt Ieare Pro® okt
GAT <} Atoofl Al A=t 412k ak=7 2] Unstandardized
Coefficient B+ zFZF —0.039, 0.0200]9137, GAT ot}
Tonopen AVIA® ¢kQl Aloloj| Al Z+zF —0.028, 0.015%t}
(Table 5).
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Table 6. Comparison of mean IOP disagreements between normal IOP range group and high or low IOP group by Goldmann appla-
nation tonometer

10 < IOPgar<21 IOPgat < 10 or IOPgaT> 21 p—Value
Mean |IOPicre pro® - IOPgat| 1.11 + 1.21 2.10 + 1.73 0.002
Mean |IOPTQn0penAVIA® - IOPGAT| 1.68 + 1.64 2.24 + 2.39 0.049
Mean |IOPronopen AviA® - IOPrcare pro® | 1.62 + 1.39 2.44 + 2.20 0.034

Values are presented as mean + SD.
IOP = intraocular pressure; IOPgar = IOP by goldmann applanation tonometer; IOPicarepre® = IOP by Icare Pro® rebound tonometer;
IOPronopen avia® = IOP by TonoPen AVIA® applanation tonometer.
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=ABSTRACT=

Comparison of Portable Tonometers and Goldmann Applanation
Tonometer for Intraocular Pressure Measurement

Hyun Ho Jung, MD, Jung Won Park, MD, Sang Woo Park, MD, PhD

Department of Ophthalmology, Chonnam National University Medical School, Gwang, Korea

Purpose: To compare the intraocular pressure (IOP) measured by portable rebound tonometer and TonoPen applanation
tonometer with pressure measured by Goldmann applanation tonometer (GAT) and analyze the factors affecting IOP dis-
agreement between tonometers.

Methods: In a prospective study of 463 eyes, IOP was measured with Icare Pro® rebound tonometer, TonoPen AVIA® ap-
planation tonometer, and GAT. Bland-Altman plot, intraclass correlation coefficient, Pearson’s correlation analysis, and
multiple regression analysis were performed to evaluate the agreement of IOP measured by each tonometer and the fac-
tors affecting the measurements.

Results: The IOP values measured by Icare Pro® and TonoPen AVIA® were consistently higher than those measured by
GAT, but showed no significant differences with those measured by GAT (p = 0.307 and 0.114, respectively). In Bland-
Altman plot, the IOP values measured by Icare Pro® and TonoPen AVIA® exhibited excellent agreement with those meas-
ured by GAT. Both Icare Pro®/GAT and TonoPen AVIA®/GAT differences increased with younger age (p = 0.041 and
0.049, respectively) and higher central corneal thickness (p = 0.019 and 0.035, respectively).

Conclusions: IOPs measured by portable Icare Pro® rebound tonometer and TonoPen AVIA® applanation tonometer were
significantly correlated with IOP measured by GAT. Therefore, such instruments can be useful when measuring IOP with
GAT is difficult. However, central corneal thickness and age should be considered when measuring IOP with portable
tonometers.
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