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A gARIES] HF Lol 61.3 + 13.94)(14—864) A
AL, FAR 1419(14181), o=} 1329 (132¢h) 0] AL S41 2t
= +37.8 um (430—663 unﬂod‘:}

+ 3.7 mmHg, =71t %Frxﬂo}ob;ﬂ é (-)1
oFP) S 14.5 + 4.3 mmHg, ZHFEE QAAAZ
QMR ¢FHS 14.6 + 4.6 mmHgo| %tk ke
QRFe F=vk QitETh Hat 0.02 +1.88 mmHg +=¢kal
(p=0.97) ¥|-Z okt H 0.14 + 2.63 mmHg WA

Table 1. Summary of the subject characteristics, IOP meas-
urements (mm Hg) using the 3 tonometers, and corneal thick-
ness

Age (yr) 61.3 +13.9
Sex (M:F) 141:132
IOPncr (mm Hg) 14.7 £ 3.7
IOPgr (mm Hg) 14.6 + 4.6
IOPgar (mm Hg) 145443
CCT (um) 545.4 + 37.8

Data are expressed as mean + SD or number.

IOP = intraocular pressure; IOPnct = IOP measurement of a
noncontact tonometer; IOPrr = IOP measurement of a Icare
rebound tonometer; IOPgar = IOP measurement of a Goldmann
applanation tonometer; CCT = central corneal thickness.
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SAE UG (p=0.32). Bl AdAA= ST AHAAA th(r=0.913, p<0.001) (Fig. 1). gn}e-= ok}t H|H

of Hlg] Wyt 0.15£2.76 mmHg =4 ZSHEAHY okel Zholl= r=0.820 (p<0.001), H|HZ k¢t

(p=0.34). Y SHA= HHF AR AT H97t R} 7helli= r=0.773 (p<0.001)2] {-2Jgt A
. 9tH(Table 2).
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s i A eukes okt Azlte] Zof o Woirk(Fig.
10 p $ 2B).
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Figure 1. The correlation between Goldmann applanation ton-

ometer and rebound tonometer IOP measurements (r = 0.913, A2 77+=0.833—0.896, p<0.001) &=o|%ich
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Figure 2. Bland-Altman plots of agreement between Goldmann applanation tonometer and rebound tonometer for each eye measured
(A), and Goldmann applanation tonometer and Non-contact tonometer (B). The differences in IOP of both tonometers (Goldmann
applanation tonometer value minus rebound tonometer value (or non-contact tonometer value), mmHg) is plotted against the average
of the IOP of both tonometers. The solid line is the mean of the average IOP values of both tonometers. The dotted horizontal lines
are +1.96 SD confidence interval (CI) (i.e. 95% of the points should fall within these lines).

Table 2. Bland-Altman analysis of [OP measurements using different tonometers (mean difference + SD and 95% LoAs)

Correlation coefficient with IOPGATIOPRT(or NCT) 95% LoA
I0PGat (mean difference + SD) Lower LoA Upper LoA Width of LoA
IOPxrt 0.913 0.02 +1.88 3.72 3.69 7.41
IOPxcr 0.773 0.15 +£2.76 -5.57 5.26 10.83

IOP = intraocular pressure; IOPxct = IOP measurement of a noncontact tonometer; IOPrr = IOP measurement of a Icare rebound tonometer;
IOPgat = IOP measurement of a Goldmann applanation tonometer; CCT = central corneal thickness; SD = standard deviation; LoA = limits
of agreement; Lower LoA = mean — 1.96 X SD; Upper LoA = mean + 1.96 X SD; Width of LoA = upper LoA-lower LoA.
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Figure 3. Frequency distribution of differences between rebound tonometer, Goldmann applanation tonometer, and noncontact ton-
ometer measurements.

Table 3. Comparison of the IOP measurements of Icare® rebound tonometer, Goldmann applanation tonometer, and noncontact ton-
ometer and the mean differences of each tonometers between low IOP, medium IOP, and high IOP by GAT

S— IOP < 10 mm Hg (n = 36) 10 < IOP < 21 mm Hg (n = 218) IOP > 21 mm Hg (n = 19)
GAT RT NCT GAT RT NCT GAT RT NCT
Mean IOP + SD 93+1.1 92+21 109+21 145+24 145+30 147+26 257+49 254+40 226+46
Range 60100 60180 70160  11.0200 80210 20230 210360 200330 18.035.0
Mean IOPgr - IOPGat" -0.10 + 1.78 (p = 0.75) 0.05 + 1.78 (p = 0.66) -0.37 +2.97 (p = 0.60)
Mean IOPgr - IOPxcr -1.67 + 2.26 (p < 0.0001) 0.15 +2.21 (p = 0.32) 2.74 + 3.19 (p = 0.002)
Mean IOPgat - IOPxer -1.57 + 1.69 (p < 0.0001) 0.20 +2.13 (p = 0.16) 3.11 + 5.44 (p = 0.02)
I0PGar & IOPgr’ 0.506 (p < 0001) 0.811 (p < 0001) 0.797 (p < 0001)

IOP = intraocular pressure; GAT = Goldmann applanation tonometer; IOPxcr = IOP measurement of a noncontact tonometer; IOPgrr = IOP
measurement of a Icare rebound tonometer; IOPgar = IOP measurement of a Goldmann applanation tonometer; CCT = central corneal
thickness.

*Mean difference of IOPs measured by two tonometers; fCorrelation of IOP by Goldmann applanation tonometer and IOP by rebound
tonometer (pearson correlation analysis).
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2ol HATH0.29 £ 1.70, —0.41 + 2.05, p=0.002). =
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(r2=0.921, p=0.03)°| A o &groL} HH %%‘5’%94 A
WA= 24 FA o Adgle] euke e ek v
FrofRt AHEAE HolA] ekth(Table 4).

ARk S SO wet vt
2t e A7y 57 P%—’F% s7hke &
JS 1900 (12=0.057, p<0.001), ZH-LE ok} E3
SHANFAZE S7Hdel meh S7leke s EAT
(12=0.104, p<0.001). ZFa} E77} 10 um Z7}eHns
=t ekgto] A9ol= 0.27 mmHg (Y=-0.24+0.027+X),
ZHlE= oFek2 0.39 mmHg (Y=—6.63+0.039+X) =7
=A 5] oltH(Fig. 4).
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Table 4. Comparison of the [OP measurements of Icare® rebound tonometer, Goldmann applanation tonometer, and noncontact ton-
ometer and the mean differences of each tonometers between thinner CCT group and thicker CCT group

CCT < 553.6 um (n = 160) CCT = 553.6 ym (n = 113) p-value”
CCT 519.4 £23.0 581.6 +21.6 <0.001
I0Pgar 13.7 +4.2 159 +4.2 <0.001
IOPrr 13.4 + 4.3 16.3 + 4.4 <0.001
IOPxcr 13.6 £ 3.5 16.3 £ 3.5 <0.001
Mean IOPgr - IOPGar -0.29 + 1.70 0.41 £2.05 0.002
Mean IOPxr - IOPxcr -0.26 +2.33 -0.01 +2.69 0.17
Mean IOPgat - IOPxct 0.03 £+ 2.39 -0.42 +£2.94 0.19
IOPgt & I0Pkr" 0.921 (p = 0.03) 0.887 (p = 0.04)
I0Pgat & IOPNct 0.818 (p = 0.17) 0.723 (p = 0.97)

Values are presented as mean + SD.

IOP = intraocular pressure; GAT = goldmann applanation tonometer; NCT = noncontact tonometer; CCT = central corneal thickness;
IOPGar = IOP measurement of a Goldmann applanation tonometer; IOPrr = IOP measurement of a Icare rebound tonometer; IOPncr = IOP

measurement of a noncontact tonometer.

"Statistical significance was tested by independent paired #-test; "Correlation between the IOP measurements of two tonometers by pearson

correlation analysis.
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Figure 4. Scatterplots showing the relationship between central corneal thickness and IOP value of Goldmann applanation tonometer
(R2 = 0.057,p < 0.001) (A), IOP values of rebound tonometer (R2 = 0.104, p < 0.001) (B).
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=ABSTRACT=

Comparison of Rebound Tonometer, Non-Contact Tonometer,
Goldmann Applanation Tonometer and the Relationship to Central
Corneal Thickness

Juhyang Lee, MD, Mincheol Seong, MD, Minho Kang, MD, Heeyoon Cho, MD, Yoonjung Lee, MD

Department of Ophthalmology, Hanyang University Guri Hospital, Hanyang University College of Medicine, Guri, Korea

Purpose: To compare the level of accuracy of intraocular pressure (IOP) measurements of a rebound tonometer (RT)
Icare®, and non-contact tonometer (NCT), using Goldmann Applanation tonometer (GAT) as a reference to evaluate the
influence of central corneal thickness (CCT) on IOP readings in the Korean population.

Methods: In a prospective study of 273 eyes, IOP was measured with RT, GAT, and NCT and compared to CCT
measurements. Patients were assigned to one of 3 groups based on IOP measurements of GAT and 1 of 2 groups based
on CCT. The comparison of the IOP values of RT, GAT, and NCT was performed between the IOP and CCT groups, and
the differences among tonometers were evaluated.

Results: The RT showed statistically significant correlation with the GAT compared to the NCT. The CCT was related to RT
measurements. The RT values compared to the GAT was underestimated in thin corneas and overestimated in thick
corneas.

Conclusions: There was a significant correlation between the RT and the GAT measurements compared with the NCT.
However, RT is influenced by CCT and correlates less with GAT in low IOP ranges, suggesting that corneal thickness
should be taken into consideration during such measurements.

J Korean Ophthalmol Soc 2012;53(7):988-995

Key Words: Central corneal thickness, Goldmann applanation tonometer, Non-contact tonometer, Rebound tonometer
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