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Abstract

Purpose  We sought to determine whether changes in
the measurement angle of the Icare TAOli and
IcarePRO tonometers led to errors in the measurement
of intraocular pressure (IOP).

Methods In this prospective, single-facility study,
we analyzed 77 patients from November 2017 to
September 2019. We measured IOP with the Icare
TAO1i and IcarePRO while changing the angle of the
device with the cornea center and analyzed the
associated changes in the measurement.

Results 10OP measured with the Icare tilted — 30°,
— 15° vertically was significantly higher than that
measured with the Icare tilted horizontally
(p < 0.0001, p < 0.0001). The IOP measured with a
+ 10° vertical tilt was significantly lower than that
measured horizontally (p < 0.0001). When the Icar-
ePRO was tilted 4+ 90° vertically, the IOP was
significantly lower with the patient in the supine
position than in the lateral position (p = 0.00058).
Conclusions IOP measured with the Icare and
IcarePRO is affected by the measurement angle. The
study results will direct the clinicians to exercise extra
precautions in determining the measurement angle
while measuring IOP.
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Introduction

Measurement of intraocular pressure (IOP) is an
essential examination in glaucoma, since lowering
the intraocular pressure is the fundamental basis of
glaucoma treatment [1-3]. By reducing IOP, it is
possible to improve visual function in the long run,
and therefore, accurate IOP assessment is of para-
mount importance.

Until recently, intraocular pressure measurement
has been possible only with the Goldmann applanation
tonometers (GAT) or Schiotz tonometers. However,
newer tonometers are emerging, one of which is the
Icare TAO1i (Icare Finland, Oy, Finland), which can
measure IOP in geriatric patients and children, who
cannot be easily positioned in front of a slit lamp. The
Icare TAO1i is a contact tonometer that can measure
the IOP without the need for local anesthesia.

Several studies have compared the accuracy of IOP
measurement by Icare TAOli and GAT [4-7]. Gao
et al. [4] reported that the Icare rebound tonometer
readings correlated with those of the GAT. Therefore,
the Icare TAO1i was deemed to be as accurate as the
GAT in measuring IOP. Although Icare TAO1i is user-
friendly, if the instrument body is tilted without a
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positioning sensor [8], the correct IOP value will not
be obtained. Moreover, IOP cannot be measured in the
supine position as the probe has a tendency to fall even
on slight tilting of the instrument body.

Newer tonometers such as IcarePRO and Icare
ic100 have been developed to address this issue. The
IcarePRO (Icare Finland, Oy, Finland) is an updated
version of the Icare TAOli that has been available
since 2011. It measures IOP with a short probe,
different from the one used in Icare TAO1i, and IOP
measurement is possible without dropping the probe
even in the supine position. The positioning sensor
allows IOP measurements in the vertical and horizon-
tal positions, and prevents the probe from being
launched when the inclination is not correct [8].

However, the Icare TAO1i is currently used world-
wide, and it is necessary to determine the effect of
measurement angle on IOP measurement by the Icare
TAO1li. Therefore, the aim of this study was to
determine whether the measurement angle influences
the IOP measurements obtained with the Icare TAOI1.
In case of IcarePRO, we investigated whether an error
in IOP measurement error is introduced in the lateral
or supine position.

Materials and methods

This was a prospective observational study. Ethical
approval was obtained from the institutional review
board of the Toyama University Hospital. The study
was conducted adhering to the tenets of the World
Medical Association Declaration and the Committee
On Publication Ethics (COPE). Informed consent was
obtained from all individual participants included in
the study. We measured IOP in 154 eyes of 77 patients
who were admitted to the Toyama University Hospital
for cataract or glaucoma surgery from November 2017
to September 2019. We excluded patients with corneal
opacities or angle closures of Shaffer grade 2 or less
and those with diseases affecting corneal thickness,
such as Fuchs corneal endothelial dystrophy.

We measured IOP with the Icare TAOli and the
IcarePRO. The measurements were recorded by
glaucoma specialists, and the probe was set in position
such that it would hit the center of cornea from a
distance of about 6 mm. In case of an error, we
reconfirmed the distance between the probe and the
eye and measurements were recorded again. For both
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the Icare and IcarePRO, a mean of 6 independent
measurements was considered as the IOP value.

For IOP measurements with Icare, the patient was
made to sit straight, looking ahead. Vertical measure-
ments were recorded at four different angulations:
— 30°, — 15°, 0° (i.e., level) and + 10° (see Fig. la—
d), where an upward tilt of 30° was defined as — 30°.
For horizontal measurements, the Icare was tilted at
angles of 0° (i.e., horizontal) 45° and 90° (Fig. le-g).
The angulations were measured by attaching an angle
measuring device (slant level 5.5 m, Tajima, Japan) to
the bottom of Icare (Fig. 1). It was not possible to
measure the IOP with the Icare tilted in a downward
direction more than + 10°, because at that angle the
probe would fall down.

The IcarePRO can be used to measure IOP even in
the supine position. In the present study, IcarePRO
was used to measure IOP with patients in the sitting,
supine and lateral positions. For the supine and lateral
measurements, the device was tilted at 90° (Fig. 2a) or
0° (i.e., level; Fig. 2b), respectively. For the measure-
ments in the sitting position, the device was tilted 90°
or held horizontally (Fig. 2c, d).

In a previous analysis of Icare measurements in 42
healthy human eyes, the average IOP value was
16.7 £ 4.1 mmHg [mean =+ standard deviation (SD)]
[6]. From this, we estimated the SD and set the 8 error
to 0.2 and « error to 0.05. It was impossible to predict
how much the average difference would be, but we
reasoned that a 1 mmHg difference would be clini-
cally significant. A sample size calculation was then
performed using Easy R [9] (Saitama Medical Center,
Jichi Medical University, Saitama, Japan). To detect a
difference of 1 mmHg, 134 cases per group were
required. Possible confounders were related to postu-
ral variation, and only 126 cases were measured in
supine and lateral positions with the IcarePRO.

Statistical analyses were performed using unpaired
and paired ¢ tests in Microsoft Excel (Microsoft
Corporation, Mountain View, CA). p values < 0.05
were considered to indicate statistical significance.
When p value < 0.05, the power (1 — f) was obtained
by power analysis.

Results

The mean age of the enrolled patients was
75.4 £ 8.8 years. The mean IOP values measured
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device at angles of — 30°,
— 15°,0° and + 10°
vertically, and 45° and 90°
horizontally, with the
patient in the sitting
position. a—d Vertical
tilting of Icare at 0°, — 15°,
+ 10° and — 30°,
respectively. e—-g Horizontal
tilting of Icare at 0°, 45° and
90°, respectively

Fig. 1 Tilting the Icare A
iCare
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with Icare and IcarePRO, in the seated position with
the device held at level (0°), were 12.2 + 4.7 mmHg
(n =154) and 15.0 £ 5.1 mmHg (n = 126), respec-
tively (Table 1). The mean IOP values when the Icare
was angulated at — 30°, — 15° and + 10° were
139 £53, 134+55 and 11.3 &+ 4.4 mmHg,
respectively, and the mean differences between the
measurements at 0° and those at — 30°, —15° and 10°
were 1.7 & 2.0, 1.2 + 2.0 and — 0.9 £+ 1.4 mmHg,
respectively (Fig. 3a). The IOP measured at an angle
of — 30°, — 15° was significantly higher (Fig. 3b)
(p < 0.0001, p < 0.0001, the power (1 — ) = 0.99,
0.84, respectively), and that measured at + 10° was
significantly lower (Fig. 3c) than that measured at a 0°
vertical tilt (p < 0.0001, the power (1 — f§) = 0.64).
In the lateral position, the mean IOP measured with
the IcarePRO at 0° was 17.4 £ 5.5 mmHg. In the
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i
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supine position, the mean IOP measured with the
IcarePRO tilted at 90° was 16.5 & 5.2 mmHg. This
value was significantly lower than the IOP measured
with the same device held at 0° (i.e., level) in the
lateral  position  (p = 0.00058, the  power
(1 — ) =0.98). The mean difference between the
IOP measured with the IcarePRO at 0° and the patient
in the lateral position and the IcarePRO tilted 90°
vertically with the patient in the supine position was
— 1.9 + 2.6 mmHg (Fig. 4a, b).

The mean IOP values measured with the Icare
device tilted horizontally at angles of 45° and 90° with
the patient in the sitting position were
12.2 £+ 4.8 mmHg and 11.9 + 4.8 mmHg, and these
were not significantly different from the measure-
ments at an angle of 0° (p = 0.89, p = 0.13, respec-
tively). The mean IOP measured with the IcarePRO
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Fig. 2 Vertical tilting of
the IcarePRO device at an
angle of 90° with the patient
in the supine position (a), 0°
with the patient in the lateral
position (b) and 0° with the
patient in the sitting position
(¢); and horizontal tilting of
the IcarePRO device at 90°
with the patient in the sitting
position (d)

inclinometer

ICarePRO

Table 1 Patient characteristics and intraocular pressure
obtained by Icare and IcarePRO

Supme position

Mean + SD
Age 76.4 + 8.0
Sex (male to female) 50:104
Icare 12.2 £+ 4.7 mmHg

IcarePRO (n = 126) 15.0 + 5.1 mmHg

tilted 90° horizontally (Fig. 2d) with the patient in the
sitting position was 15.5 £ 5.5 mmHg and was sig-
nificantly different from the measurement at 0°
(Fig. 2¢, p = 0.0005). However, the power (1 — f3)
was 0.28.
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Discussion

We found that the measurement angle significantly
affected the IOP values measured with the Icare. As
the use of Icare devices is increasing all over the
world, the assessment of IOP measurement errors is an
important consideration in glaucoma management. It
was previously proved that in the absence of a
positioning sensor, the accuracy of measurements
obtained with Icare TAOli was affected by the tilt
angle, but the extent of such deviations was unclear.
This study examined the difference in IOP values
depending on the Icare TAOli inclination angle, and
the results can guide the use of this instrument for the
correct measurement of IOP.

Moreover, in IcarePRO, which features a position-
ing sensor, the values may differ depending on
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Fig. 3 Mean difference in IOP measured using the Icare device
held level (0°) or tilted vertically at — 30°, — 15° and + 10°.
a Mean difference in IOP measured using the Icare device held
level (0°) or tilted at — 30°, — 15° and + 10°. b Comparison of
mean IOP measurements with the Icare tilted vertically — 30° or
held level (0°). The mean IOP was calculated as IOP (Icare tilted

whether the instrument is held vertically in the lateral
position or vertically inclined at 90° in the supine
position.

We should therefore weigh the situations where it
would be recommendable to use an inclined Icare for
the measurement of IOP. For example, in geriatric
patients who cannot keep their head straight when
their hips are bent forward, it may be necessary to use
the Icare in the position depicted in Fig. 1b, d. It may
also be possible to use the Icare (Fig. 1c) in children
who cannot stay still. Furthermore, when performing
tonometry on bedridden or unconscious people, the
IcarePRO can measure IOP in a supine position. In the
case of a bedridden patient who cannot attain a supine
position, the measurements can be recorded by tilting
the Icare and IcarePRO 90° horizontally in the lateral
position. When holding the Icare and IcarePRO

vertically at — 30°)/2 + IOP (held at level 0°)/2. Irrespective of
the initial IOP value, the IOP became higher when the Icare was
tilted vertically — 30°. ¢ Comparison of mean IOP measure-
ments with the Icare tilted vertically 4+ 10° or held level (0°).
Irrespective of the initial IOP value, the mean IOP became lower
when the Icare was tilted vertically at 4+ 10°

vertically while measuring in the lateral position, the
lower end of Icare may hit the bed, so we suggest to
perform the measurements by tilting the device 90°
horizontally. In this study, we concluded that the IOP
measured by tilting the Icare horizontally did not
change compared with the IOP measured by holding
them vertically.

Since the Icare performs simple tonometry, it can
also be used for 24-h tonometry. The IcareHome is an
Icare device that enables measurement of IOP at home
and, unlike the Icare TAOli, features a positioning
sensor [8]. Analysis in the supine position is difficult,
and changes in IOP are evident in different positions of
the patient. However, it is possible to obtain more
information on IOP fluctuations by adding a tonomet-
ric IOP evaluation using the Icare TAOli or the
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Fig. 4 Mean difference between IOP measured with the
IcarePRO held level (0°) in the lateral position and with the
device tilted vertically 90°, with the patient in the supine
position. a Mean difference between IOP measured with the
IcarePRO held level (0°) in the lateral position and with the
device tilted vertically 90° with the patient in the supine
position. b Comparison of mean IOP measurements with the

IcarePRO. Further studies are needed to determine the
feasibility of this possibility.

A limitation of this study is that the influence of
central corneal thickness (CCT) was not considered.
Previous studies have reported that Icare IOP mea-
surements are affected by CCT [5, 7]. In this study, the
correlation between CCT and the deviation of the IOP
upon tilting the device was not studied. The second
limitation is that IcarePRO measurements were taken
with the device tilted vertically at 90° when the
patients were in the supine position and with the
device held level when the patients were in the lateral
position. Although it is known that IOP values in
supine position tend to be higher than those in the
sitting position [10-13], it remains unclear whether
there is a difference in IOP between the lateral
decubitus position and the supine position. In the
lateral decubitus position, it has been reported that the
dependent eyes of patients (i.e., the lower eye in the
lateral decubitus position) show higher IOP than the
nondependent eyes [14]. In the current study, IOP was
measured with patients in the right lateral decubitus
position, but the difference between the left and right
eyes was not considered. It is known that the
repeatability of IOP measurements by both Icare and
IcarePRO is good when patients are in the sitting
position [15]. However, it has also been reported that
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IcarePRO tilted vertically 90° with the patient in the supine
position or held level (0°) with the patient in the lateral position.
Mean IOP was calculated as IOP (IcarePRO tilted vertically
90°)/2 + IOP (held level 0°)/2. Irrespective of the initial IOP
value, the IOP became lower when the IcarePRO was tilted 90°
vertically with the patient in the supine position

the repeatability of IOP measured with the IcarePRO
declines when patients are in the supine position [16].
In our present analysis, it is possible that the IOP
values measured by the IcarePRO with patients in the
supine position were less reliable than those measured
in the sitting or lateral decubitus position.

In conclusion, we found that the measurement
angle significantly affects IOP values measured with
an Icare tonometer. While the Icare and IcarePRO
devices are very useful tools because they do not
require local anesthesia, we should be aware of the
effects of the measurement angle when using the Icare
tonometer.
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