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Goldmann applanation tonometer in
patients with glaucoma
Shunsuke Nakakura1*† , Ryo Asaoka2,3*†, Etsuko Terao1, Yuki Nagata1, Yasuko Fukuma1, Satomi Oogi1,
Miku Shiraishi1 and Yoshiaki Kiuchi4

Abstract

Background: This study investigated the agreement between a new rebound tonometer, IC200, and IcarePRO and
Goldmann applanation tonometry (GAT).

Methods: This was a prospective cross-sectional study. We measured the intraocular pressure (IOP) in 145 eyes of
145 glaucoma patients in the sitting position using GAT, IcarePRO, and IC200. IcarePRO and IC200 measurements
were also obtained in the supine position. IC200 measurement was performed using two modes: single six (IC200-
single) and automatic (IC200-continuous) six-measurements mode.

Results: All tonometers provided high reproducibility in both positions (all intraclass correlation coefficients > 0.90),
although it was highest with GAT, followed by IC200-continuous and IC200-single and then IcarePRO. In the sitting
position, the mean (± SD) IOPs of GAT, IcarePRO, IC200-single, and IC200-continuous were 14.5 ± 2.9 mmHg, 13.3 ±
3.2 mmHg, 11.6 ± 3.2 mmHg, and 11.5 ± 3.2 mmHg, respectively. IOPs measured with IcarePRO or IC200 were
significantly lower than those with GAT, particularly in patients with low IOP. IOPs measured with all tonometers
were significantly elevated in the supine position as compared with the sitting position, but this difference was
significantly greater with IC200-single and IC200-continuous compared with IcarePRO. IOP elevation was significant
in eyes without bleb versus those with bleb, but this finding was not observed when IOP was measured with
IcarePRO. The IOPs of the single and continuous modes of IC200 were interchangeable in both positions.

Conclusions: GAT, IcarePRO, and IC200 had sufficiently high reproducibility, but measurements with IcarePRO may
not be accurate in the supine position. Elevation of IOP in the supine position, especially in eyes with bleb, was
more sensitively captured with IC200 than with IcarePRO.

Trial registration: Japan Clinical Trials Register, No. UMIN000039982.
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Background
Glaucoma is the second most common cause of blind-
ness worldwide [1]. It is estimated that 79.6 million indi-
viduals will be living with glaucoma in 2020, and this
number is likely to increase to 111.8 million in 2040 [2].
Because a 1-mmHg increase in intraocular pressure
(IOP) increases the risk of the development glaucoma by
10 to 18% [3–5] and a 1-mmHg decrease in IOP reduces
the progression of glaucoma by 10% [6], an accurate
measurement of IOP is undoubtedly essential for
glaucoma patients. Although the Goldmann applanation
tonometer (GAT) has been the gold standard for the
measurement of IOP, a series of rebound tonometers
can measure IOP more objectively than other tonome-
ters and without the use of topical anesthesia. These
devices also enable the measurement of IOP even in
bedridden patients, which is particularly important in
patient populations with a growing life expectancy. In
addition, the accurate measurement of IOP is especially
important in pediatric glaucoma because it is typically
performed on a bed with the patient under general
anesthesia. The Icare tonometer series includes Icare-
TA01i, IcarePRO, IcareHOME, and IC100, but a direct
measurement of IOP in the supine position is available
only with IcarePRO. Moreover, among these rebound
tonometers, the IOP measured with IcarePRO has the
closest agreement with the IOP measured with GAT [7].
A new member has very recently joined the Icare series
family i.e., IC200, which is expected to provide an even
more accurate measurement of IOP, particularly in the
supine position, because of its renewed position censor.
Two recent reports have investigated the agreement
between GAT and IC200, but these analyses were con-
ducted only in the sitting position [8, 9]. The first aim of
the current study is to compare the IOP values and their
reproducibility measured with IC200, GAT, and Icare-
PRO in the sitting position. In addition, we measured
IOP with IC200 and IcarePRO in the supine position
and compared the IOP values and reproducibility. Fur-
thermore, a secondary objective was to compare the
conventional single measurement and continuous modes
of IOP measurement, which can be used for automatic-
ally conducting six consecutive measurements by push-
ing the button only once. The second aim of the study
was to investigate the effect of various ocular biomech-
anical parameters, such as central corneal thickness, on
these measurements.

Methods
This was a prospective cross-sectional study. Patients
with glaucoma were recruited consecutively from the
Department of Ophthalmology, Saneikai Tsukazaki
Hospital, between May and August 2020. Inclusion cri-
teria were 1) patients who suffered from glaucoma and

had been visiting our clinic for longer than 3 months
and 2) patients who agreed to the verbal explanation of
the study and were able to lie on their back.
Exclusion criteria were patients who 1) were unable to

undergo the GAT measurement, 2) had severe ocular
surface condition 3) were unable to lie on a bed, 4) used
contact lenses, and 5) did not agree to the verbal explan-
ation of the research. This study was approved by the In-
stitutional Review Board of Saneikai Tsukazaki Hospital
(IRB No. 201012) and was performed according to the
tenets of the Declaration of Helsinki. This clinical study
was conducted as a part of a clinical trial registration
(Japan Clinical Trials Register, No. UMIN000039982).
Written informed consent was obtained from all partici-
pants before enrollment. We selected the patient’s eye
with the worse visual field as measured with the
Humphry Visual Field Analyzer (Carl Zeiss Inc., Dublin,
CA) according to the SITA fast 24–2 program. If both
eyes had similar visual field damage, the right eye was
selected. Measurements of ocular biomechanical param-
eters were conducted before IOP measurements. Axial
length, central corneal thickness, and corneal curvature
(mean of horizontal and vertical) were measured using
LENSTAR 900 (Haag-Streit, Koeniz, Switzerland) five
times, and the mean value was used in the analyses.

IOP measurements
GAT
A GAT measurement was conducted in all patients with
their chins placed on the slit-lamp chin rest after admin-
istration of oxybuprocaine hydrochloride 0.4% (Benoxyl
0.4%, Santen Pharmaceutical Co., Ltd., Japan) with
fluorescein. Before performing each test, the dial was set
to approximately 15 mmHg. A single ophthalmologist
(S.N.) performed the GAT measurement three times in
all patients.

IcarePRO
The IcarePRO (Fig. 1a; Icare Finland Oy, Helsinki,
Finland) rebound tonometer has been available since
2011 and is the only Icare tonometer that allows for IOP
measurement with the patient in the supine position.
Similar to other earlier Icare tonometers, a probe is
blasted on the center of the cornea at a distance between
3mm and 7mm, and the IOP is estimated by measuring
the deceleration of the returning probe. However, Icare-
PRO uses a shorter probe than others do. After six
consecutive measurements, the reliability derived from
the variance of the measured values is displayed as the
background color. Background colors of yellow or red
indicate poor reliability, whereas green suggests a
reliable measurement. We repeated the measurement
until an IOP value with a green, yellow or red back-
ground appeared (Fig. 1b).
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IC200
iCare IC200 (Icare Finland Oy; Fig. 1c, d) is an updated
version of the IcarePRO (Fig. 1a, b) rebound tonometer.
The mechanism of IOP measurement is very similar to
the IcarePRO, but a long probe is used, as in IcareTA01i,
IcareHOME, and IC100. With IC200, IOP can be mea-
sured even in the supine position with 200° of positional
freedom. An improvement in IC200 as compared with
IcarePRO is that its measurements are accepted only
when performed correctly: perpendicularly from the cen-
ter of the cornea at a distance of approximately 5 mm.
IC200 has two measurement modes: a single measure-
ment via a single push of the button (IC200-single) and
automatic six-measurements measurement mode (IC200-
continuous). Similar to the IcarePRO measurements, we
recorded only IOP values on the green background (cir-
cle), which appeared after six consecutive measurements
(Fig. 1d).
One of the five certified orthoptists (E.T., Y.N., Y.F.,

S.O., and M.S.) was randomized separately for each
patient. The selected orthoptists measured the ocular bio-
mechanical parameters, followed by IOP measurements
with the patient in the sitting position. We first measured
IOP using IcarePRO, IC200-single, and IC200-continuous
in a randomized order. Each measurement was performed
three times, and the mean value was calculated.
This was followed by the GAT measurement in the

sitting position. Patients were then asked to lie flat in
the supine position and in the same indoor brightness to
the office for 10 min. Finally, IOP measurements using
IcarePRO, IC200-single, and IC200-continuous were
performed by the same selected orthoptist in a random-
ized order in the supine position. An interval of at least
1 min was given between each measurement. In some
patients who had a narrow palpebral fissure, we used
manual upper eyelid elevation when measuring IOP in
the sitting position; however, this did not affect IOP
values in Icare TA01i, Icare PRO, or Icare ic100 [10].

Each of the three IOP readings and the mean of these
values were used in the between- and within-device data
comparisons.
We conducted all measurements between 10:00 am

and 2:00 pm.

Statistical analysis
We evaluated the repeatability of three consecutive
measurements for each tonometer by calculating the
intraclass correlation coefficients (ICCs) as well as the
coefficient of variance (CoV). According to the princi-
ples of McGraw and Wong, an ICC value greater than
0.7 is generally indicative of very good agreement [11].
IOP and CoV differences among the tonometer were
analyzed using the Tukey’s multiple comparison test.
The agreement among tonometers was evaluated using
Bland–Altman analysis. Relationships between IOP
values by GAT, IcarePRO, IC200-single, and IC200-
continuous, as well as the values for age, axial length,
corneal curvature, and central corneal thickness, were
evaluated using multivariate linear regression. Nonpaired
numerical values were compared using a nonpaired
Wilcoxon signed-rank test.
Statistical analyses were performed using JMP version

10.0.0 (SAS Institute Inc., Cary, NC, USA) and statistical
program R software (version 3.6.1, http://www.rproject.
org/). Data were expressed as mean ± standard deviation
(SD). P values less than 0.05 were considered statistically
significant. We estimated the sample size to be 133
patients for detecting a 1 mmHg difference between
the groups, with a significance level of 5% and a
power of 80% based on an SD of 2.9 mmHg for the
GAT by JMP.

Results
Patient demographics
Table 1 presents the demographic data of the studied
145 eyes of 145 patients (105 primary open-angle

Fig. 1 Rebound tonometers of IcarePRO and IC200. a Overview and b display of IcarePRO. c Overview and d display of the new rebound
tonometer IC200
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glaucoma patients, 19 exfoliation glaucoma, 12 normal
tension glaucoma, 4 angle closure glaucoma, and 5 other
glaucoma). The mean age of the patients was 65.6 ± 11.6
years (range, 35 to 86 years), of whom 82 (57%) were
women. Of the eyes, 122 (84%) were right eyes, and 49
(34%) eyes underwent filtering surgery before the initi-
ation of this study. Patients who had undergone a previ-
ous filtering surgery were regarded as having functional
bleb; however, 7 patients (7/49) were treated with anti-
glaucoma medication.

Measurement in the sitting position (GAT, IcarePRO,
IC200-single, and IC200-continuous)
IOP values
Table 2 shows IOP values in the sitting position. In this
position, IOPs with GAT, IcarePRO, IC200-single, and
IC200-continuous were 14.5 ± 2.9 (range, 5 to 22) mmHg,
13.3 ± 3.2 (6.3 to 23.6) mmHg, 11.6 ± 3.2 (3.6 to 21.2)
mmHg, and 11.5 ± 3.2 (6.5 to 25.3) mmHg, respectively. A
significant difference was found among the tonometers
(P < 0.01, Tukey’s multiple comparison test), except for
between IC200-single and IC200-continuous (P = 0.99).

Intradevice repeatability (ICC and CoV) (GAT, IcarePRO,
IC200-single, and IC200-continuous)
The ICC values (> 0.90) suggested that intradevice re-
peatability was sufficiently high for all tonometers
(Table 3), but IOP measured with GAT was associated
with the highest ICC value, as suggested by the nonover-
lapping 95% confidence interval (CI) of the ICC value
with those of other devices. CoV values were superior
with all tonometers, but the significantly smallest value
was observed with GAT as compared with IcarePRO,
IC200-single, and IC200-continuous in the sitting
position (P < 0.01, Tukey’s multiple comparison test).
IC200-continuous had a significantly smaller CoV value
than IcarePRO (P < 0.05). There was no significant
difference between the CoV values of IcarePRO and IC-
200-single nor between IC200-continuous and IC200-
single (P > 0.05).

Agreement between GAT and Icare measurements
Supplemental Table 1 shows all pair comparisons using
Bland–Altman plots. All of the pair comparisons in the
sitting position showed a relatively narrow width of 95%
limit of agreement (LOA; 2.92–9.94 mmHg).
Figure 2a shows the Bland–Altman plot between GAT

and IcarePRO. The width of the 95% LOA was 9.93
mmHg. No significant trend was observed between the
difference of the two IOPs and their means, although
the P value was borderline (r = − 0.15, P = 0.066). Figure
2b presents the Bland–Altman plot between GAT and
IC200-single. The width of the 95% LOA was 8.53
mmHg. We observed a significant trend in which IOP
measured with IC200-single became smaller than GAT
IOP when the average of these values was low (r = −
0.16, P < 0.05). The Bland–Altman plot between GAT
and IC200-continuous is displayed in Fig. 2c. The width

Table 1 Patient demographics

Variable Value

Eyes, R/L 122/23

Subjects, female/male 82/63

Age, mean ± SD (range), years 65.6 ± 11.6 (35 to 86)

Axial length, mean ± SD (range), mm 25.1 ± 1.8 (20.2 to 30.9)

Corneal curvature, mean ± SD (range), mm 7.61 ± 0.29 (6.89 to 8.45)

Central corneal thickness, mean ± SD (range),
mm

0.522 ± 0.030 (0.412 to
0.606)

SD standard deviation

Table 2 IOP value measured with each tonometer in the sitting
and supine positions

Tonometer/position Mean IOP, mean ± SD (range), mmHg

Sitting

GAT 14.5 ± 2.9 (5 to 22)

IcarePRO 13.3 ± 3.2 (6.3 to 23.6)*

IC200-single 11.6 ± 3.2 (3.6 to 21.2)*†

I200-continuous 11.5 ± 3.2 (6.5 to 25.3)*†

Supine

IcarePRO 14.5 ± 3.8 (6.5 to 25.3)

IC200-single 14.2 ± 4.4 (3.2 to 26.7)

IC200-continuous 14.3 ± 4.5 (3.4 to 29.5)

Tukey’s multiple-comparison test
GAT Goldmann applanation tonometry; IOP intraocular pressure; SD
standard deviation
*P < 0.05 as compared with GAT
†P < 0.05 as compared with IcarePRO

Table 3 Intraclass coefficient and coefficient of variance of each
intraocular pressure in the sitting and supine positions

Tonometer/position ICC (95% CI) CoV (%)

Sitting

GAT 0.984 (0.979–0.988) 1.6 ± 2.2 (0.0–7.1)

IcarePRO 0.945 (0.929–0.959) 5.0 ± 3.2 (0.0–19.4)*

IC200-single 0.967 (0.957–0.975) 4.4 ± 2.2 (0.0–16.9)*

IC200-continuous 0.971 (0.962–0.978) 4.1 ± 2.8 (0.0–14.9)*†

Supine

IcarePRO 0.963 (0.952–0.973) 4.6 ± 3.1 (0.0–17.2)

IC200-single 0.987 (0.984–0.991) 3.9 ± 2.2 (0.0–10.5)†

IC200-continuous 0.984 (0.979–0.984) 3.5 ± 2.3 (0.0–13.7)†

Tukey’s multiple-comparison test
CI confidence interval; CoV coefficient of variance; ICC intraclass
correlation coefficient
*P < 0.05 as compared with GAT
†P < 0.05 as compared with IcarePRO
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of the 95% LOA was 8.60 mmHg. There was a significant
trend in which IOP measured with IC200-continuous
became smaller than GAT IOP when the mean of these
values was low (r = − 0.16, P < 0.05).

Measurements in the supine position (IcarePRO, IC200-
single, and IC200-continuous)
IOP values
Table 2 shows IOP values in the supine position. IOPs
with IcarePRO, IC200-single, and IC200-continuous
were 14.5 ± 3.8 (6.5 to 25.3) mmHg, 14.2 ± 4.4 (3.2 to

26.7) mmHg, and 14.3 ± 4.5 (3.4 to 29.5) mmHg, re-
spectively. No significant difference was found among
these values (P > 0.05, Tukey’s multiple comparison
test).

Intradevice repeatability
As suggested by the ICC values (> 0.90), the intradevice
repeatability of all Icare tonometers was sufficiently high
(Table 3). CoV values were also sufficiently small among
all Icare tonometers, but we observed a significantly
smaller value with IC200-single and IC200-continuous
as compared with IcarePRO (P < 0.01 and 0.05, respect-
ively; Tukey’s multiple comparison test). There was no
significant difference between IcarePRO and IC-200-
single nor between IC200-continuous and IC200-single
(P > 0.05).

Agreement between IcarePRO and IC200 in the supine
position
Supplemental Table 1 shows that in contrast to the sit-
ting position, the agreement between IcarePRO IC-200-
single or between IC200-continuous in the supine pos-
ition became worse compared to those in the sitting pos-
ition. The width of the 95% LOA was 16.87 mmHg and
17.06 mmHg, respectively.

Agreement between IC200-single and IC200-continous in
both positions
Supplemental Table 1 and Supplemental Figure 1 show
that the difference in IOP between IC200-single and
IC200-continous in sitting and supine positions was
0.09 mmHg and − 0.09 mmHg, respectively. In addition,
the width of the 95% LOA was 2.92 mmHg and 3.36
mmHg, respectively. Thus, the value of the two meas-
urement modes is thought to be interchangeable.

Elevation of IOP in the supine position
IOP measurements of all Icare tonometers suggested
that IOP was higher in the supine position as compared
with the sitting position (P < 0.01, Tukey’s multiple com-
parison test), but this finding was significantly less obvi-
ous with IcarePRO (1.2 ± 2.2 [− 4.0 to 9.1] mmHg) than
with IC200-single (2.8 ± 2.3 [− 1.6 to 10.5] mmHg) and
IC200-continuous (2.6 ± 2.3 [− 2.1 to 10.2] mmHg; P <
0.01; Tukey’s multiple comparison test; see Fig. 3). As
shown in Fig. 4, in eyes with bleb, the elevation of IOP
in the supine position was 1.5 ± 2.1 (− 1.9 to 7.3) mmHg
with IC200-single, which was significantly smaller (3.2 ±
2.0 [− 2.1 to 7.2] mmHg, P < 0.01, nonpaired Wilcoxon
signed-rank test) than that in eyes without bleb. A simi-
lar tendency was observed with IC200-continuous (1.8 ±
2.0 [− 1.6 to 7.2] mmHg and 3.4 ± 2.2 [− 0.6 to 10.4]
mmHg, P < 0.01). By contrast, there was no significant
difference between these values with IcarePRO (0.9 ± 2.1

Fig. 2 Bland–Altman plots of the measured IOPs between GAT and
IcarePRO, between GAT and IC200-single, and between GAT and
IC200-continuous at the sitting position. a GAT and IcarePRO, b GAT
and IC200-single, c GAT and IC200-continuous. GAT, Goldmann
applanation tonometry; LOA, limit of agreement; SD,
standard deviation
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[− 0.6 to 6.3] mmHg and 1.4 ± 2.2 [− 4.0 to 9.2] mmHg,
P = 0.29).

Effects of age, axial length, corneal curvature, and central
corneal thickness on IOP measurement with each
tonometer
Table 4 presents the results of the multivariate linear
regression analysis between each IOP and variables such
as age, axial length, corneal curvature, and central
corneal thickness. All analyses demonstrated that only
central corneal thickness was correlated with IOP value
(P < 0.01).
The results of the correlation coefficient calculations

(r and P values) between IOP measurements as taken by
the GAT, IcarePRO, IC200-single, and IC200-continuous
and age, axial length, corneal curvature, and central

corneal thickness are shown in Supplemental Table 2. All
tonometer values were affected by the central corneal
thickness (all r > 0.20, all P < 0.05).

Discussion
In the current study, IOP was measured using GAT,
IcarePRO, IC200-single, and IC200-continuous in 145
eyes of 145 patients with glaucoma. The measurements
with IcarePRO, IC200-single, and IC200-continuous
were also conducted in the supine position. As a result,
all tonometric measurements had sufficiently high repro-
ducibility, although it was highest with GAT, followed
by IC200-single and IC200-continuous and lastly, Icare-
PRO. All mean IOP values measured with IcarePRO,
IC200-single, and IC200-continuous were lower as com-
pared with GAT IOP (Table 2) and GAT IOP tended to
be higher than IOPs with Icares, particularly when IOP
was low (Supplemental Table 1). The elevation of IOP in
the supine position was observed with all Icares, but it
was more obvious with IC200-single and IC200-
continuous than with IcarePRO. Moreover, we found
that this IOP elevation was more obvious in eyes without
bleb than in those with bleb when measured with IC200-
single and IC200-continuous, but this phenomenon was
not observed when IcarePRO was used.
In the current study, IOP measured with IcarePRO

was lower than that measured by GAT (by 1.24 mmHg
in the sitting position). This difference was within the
range of the repeatability of GAT (between 2.2 mmHg
and 2.9 mmHg) [12–15] but was larger than those in
other previous studies (between 0.01 mmHg and 0.43
mmHg) [16–20]. In the Bland–Altman plot, the LOA
was 9.93 mmHg, which was also marginally larger than
that reported in previous studies (i.e., between 5.2
mmHg and 8.94 mmHg) [16–20]. The reason for these
disagreements is unclear but could be attributed to the

Fig. 3 IOP elevation of IcarePRO, IC200-single, and IC200-continuous.
The elevation of IOP was significantly different between IcarePRO
and IC200. IcarePRO has less IOP elevation. *Significant pair by
Tukey’s multiple comparison test

Fig. 4 IOP elevation of each tonometer with and without bleb. The elevation of IOP was significantly different with and without bleb in IC200
but not in IcarePRO. *Significant pair by nonpaired Wilcoxon signed-rank test
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difference in the very detailed measurement method of
IcarePRO in each study because IcarePRO is largely in-
fluenced by manual eyelid manipulation [16]. As for
IC200, in this study, the mean IOP was approximately 3
mmHg lower than that of GAT IOP. Earlier reports that
compared IC200 and GAT indicated scattered results [8,
9]. Badakere et al. [8]. reported that the IOP of IC200
was higher than that of GAT by 1.27 mmHg in 96 pa-
tients with glaucoma and 60 healthy subjects. Perez-
Garcia et al. [9]. also reported that IC200 was higher
than GAT by 0.82 mmHg in 40 patients with congenital
glaucoma and 42 healthy subjects. In the current study,
the LOA in the Bland–Altman plot was 8.53 or 8.60
mmHg, which was considerably larger than the value re-
ported in previous studies (i.e., 4.3 mmHg) [8]. The ap-
parent cause of these differences is uncertain, but one of
the reasons could be the difference in the patients’ back-
grounds, including ethnicity, whether or not the patient
had undergone filtering surgery, whether they were
healthy subjects or had glaucoma, as well as the differ-
ence in ocular biomechanical properties.
All IOP values in the current study measured by GAT,

IcarePRO, and IC200 were affected by the central
corneal thickness (Table 4; Supplemental Table 2; all r >
0.20, P < 0.05), which agrees with the findings of previ-
ous studies using IC200 (r = 0.32) [9], GAT (r = 0.16-
0.28) [15, 20], and IcarePRO (r = 0.26) [20]. Similar find-
ings have also been reported with other Icare tonome-
ters, including IcareHOME (r = 0.40) [21], IC100 (r =
0.50) [22], and IcareTA01i (r = 0.46) [22]. The effect of
corneal curvature on IOP values with rebound tonome-
ters has also been reported: IcareTA01i (r = 0.27) [23]
and IC100 (r = 0.25) [22]. Age has also been shown to
be associated with Icare IOPs: IcareTA01i (r = − 0.38)
[22] and IC100 (r = − 0.37) [22]. These associations were
not observed in the current study (Table 4;

Supplemental Table 2). No studies have reported the ef-
fect of axial length on IOP values of rebound
tonometers.
IOP changes between the sitting and supine positions

were different between IcarePRO and IC200. IOP did
not change in IcarePRO but apparently increased in
IC200. Our previous study using IcarePRO among 127
healthy subjects showed the same tendency in IcarePRO,
i.e., no significant difference in IOP between the sitting
and supine positions (15.5 vs. 15.8 mmHg, respectively,
P = 0.301 by Mann–Whitney U test) [19].
A few previous reports have indicated that the in-

crease in IOP in the supine position is reduced after
filtering surgery. Hirooka et al. [23]. measured IOP
in both the sitting and supine positions using a
pneumatonometer. They reported that the increase
in IOP in the supine position was, on average, 4.1
mmHg before trabeculectomy and 2.2 mmHg after
trabeculectomy [23]. Then, Sawada and Yamamoto
[24] reported that the increase in IOP in the decubi-
tus position was 3.9 mmHg in eyes without bleb and
1.3 mmHg in eyes with bleb when IOP was measured
with the IcareTA01i [24]. In this study, increased
IOP was also significantly lower in eyes with blebs
(1.5 mmHg and 1.8 mmHg) using IC200-single and
IC200-continuous than that in eyes without bleb (3.2
and 3.4 mmHg, respectively). However, increased IOP
as measured by IcarePRO was not significantly dif-
ferent from that in eyes with bleb (0.9 mmHg) and
in eyes without bleb (1.4 mmHg). We believe that in-
creased IOP in the supine position was more sensi-
tively captured using IC200 than using IcarePRO.
Thus, IcarePRO may not be suitable for measuring
IOP in the supine position because of its low repro-
ducibility and less sensitivity in capturing measure-
ments for increase in IOP.

Table 4 Effects of age, axial length, corneal curvature, and central corneal thickness on IOP measurement with each tonometera

Parameter GAT IcarePRO IC200-single IC200-continuous

Coefficient P value Coefficient P value Coefficient P value Coefficient P value

Sitting

Age 0.022 0.34 −0.022 0.39 −0.0028 0.91 0.029 0.91

Central corneal thickness 0.024 0.0021 0.028 0.0012 0.028 0.0011 0.031 0.00041

Corneal curvature 0.29 0.73 0.15 0.87 1.10 0.19 1.21 0.19

Axial length 0.0031 0.98 0.20 0.21 0.13 0.42 0.13 0.41

Supine

Age – – 0.016 0.60 0.0011 0.97 0.015 0.67

Central corneal thickness – – 0.025 0.017 0.031 0.014 0.032 0.0097

Corneal curvature – – −0.29 0.79 1.21 0.36 1.38 0.30

Axial length – – 0.28 0.15 0.072 0.75 0.16 0.48

IOP intraocular pressure
aBoldface type indicates P < 0.05
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Finally, with regard to the two measurement modes,
IC200-single and IC200-continuous, no significant
difference was observed between the measured IOPs
in either the sitting or supine position (Table 2;
Supplemental Table 1). In both positions, the differ-
ence between two measurement methods was approxi-
mately 0 mmHg, and the width of the 95% LOA was
only approximately 3 mmHg (Supplemental Figure 1).
Therefore, both measurement methods provide com-
pletely high agreement and can be considered to be
interchangeable. This exaggerates the merit of IC200-
continuous because of the much shorter measurement
time compared with IC200-single (7.3 s with IC200-
single and 2.2 s with IC200-continuous over five con-
secutive measurements in a part of the current study).
A limitation of our study was that all our subjects were

older glaucoma patients. Therefore, our results might
not be directly applicable to healthy subjects or children.
In addition, patients with glaucoma have different bio-
mechanical properties as compared with healthy subjects
[25], which will affect the difference in IOP among to-
nometers and increase the difference as compared with
that of previous studies. The second limitation of this
study was that we did not include eyes with extremely
high IOP, i.e., > 30 mmHg, and thus further studies are
needed to shed light on this aspect. The third limitation
was the use of a single person to perform tonometry for
GAT, which will increase the repeatability, and we did
not measure IOP with GAT in the supine position.

Conclusions
The new position-independent rebound tonometer,
IC200, provides high reproducibility in both the sitting
and supine positions. In general, there was good agree-
ment among GAT, IC200, and IcarePRO, but the eleva-
tion of IOP in the supine position, especially in eyes with
bleb, was more sensitively captured with IC200 than with
IcarePRO. IOPs of the single and continuous modes of
IC200 were interchangeable. Our results will be useful for
clinical practice and glaucoma management.
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