
Comparison of the
ICares rebound
tonometer with the
Goldmann
applanation
tonometer by
experienced and
inexperienced
tonometrists

LM Abraham, NCR Epasinghe, D Selva and

R Casson

Abstract

Purpose To assess the agreement between

ICares rebound tonometer and Goldmann

applanation tonometer in the hands of

experienced and inexperienced tonometrists.

Patients and methods Two tonometrists,

experienced with both Goldmann applanation

tonometry (GAT) and ICares Tonometry (ICT)

measured intraocular pressure (IOP), in a

masked fashion, in 100 patients. In another

series of 58 patients, ICTwas performed by an

inexperienced tonometrist and GAT by an

experienced tonometrist.

Results In approximately 80% of patients, the

difference in IOP between GAT and ICT was

p2mmHg in group 1 and p3mmHg in group

2. The 95% limits of agreement were �4.0–

4.4mmHg in group 1 and �6.0–5.0mmHg in

group 2.

Conclusion ICT compares reasonably with

GAT, in both experienced and inexperienced

hands. Its ease of use, portability, and sterility

make it an attractive tonometer. Its degree of

accuracy in inexperienced hands would make

it a useful instrument for health care workers

with limited ophthalmic experience.
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Introduction

Goldmann applanation tonometry (GAT) is

generally considered the gold standard method

of measuring intraocular pressure (IOP).1

However, it has disadvantages: it requires a

local anaesthetic (which may lower IOP),2 a slit

lamp, a seated patient, and an experienced

tonometrist; it is difficult in children, patients

who are bedridden and those with corneal

abnormalities; and the tonometer head needs

chemical disinfection between patients.3

ICares tonometry (ICT) is based on the

principle of rebound tonometry.4,5 The probe

used is a disposable, thin magnetized steel wire

with a round plastic tip. The moving magnet in

the probe induces voltage in the enclosed

solenoid. The probe bounces off the cornea and

the impedance that is detected is used to

calculate the IOP (Figure 1). This does not

require topical anaesthesia, minimises corneal

injury, and there is no risk of cross infection.6 It

is potentially easier to use than GAT, and it was

our impression, based on clinical experience,

that it not only provides accurate IOP

recordings, but that it can be accurately

employed by inexperienced tonometrists. The

aim of this study was to assess the agreement

between ICT and GAT when performed by

experienced and inexperienced tonometrists.

Subjects and methods

All patients attending a general clinic and a

glaucoma clinic over a period of 2 months were

potentially eligible for inclusion. The exclusion

criteria were age less than 18 years, presence of

severe corneal abnormalities, more than 2.00 D

astigmatism, recent intraocular surgery, or
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active ocular infective disease. Written informed consent

was obtained from all willing participants and the study

was conducted according to the Declaration of Helsinki.

GAT was performed on a slit lamp (Haag-Streit, Bern,

Switzerland) with a tonometer calibrated according to

the manufacturer’s guidelines. Before each reading, the

measuring drum was reset to 10 mmHg. The tonometer

head was disinfected according to the hospital infection

control committee guidelines. IOP was measured after

instillation of a drop of preservative-free lignocaine (4%)

and fluorescein sodium (0.25%) solution.

The ICares (Tiolat, Oy, Helsinki, Finland) software is

preprogrammed for six measurements. An average of the

best four readings, discarding the highest and lowest, is

displayed as the final (6th) IOP. The software is also able

to detect if all the parameters for measurement were

acceptable. An unacceptable reading where the SD of the

measurements is greater than normal is displayed with

an error sign ‘�’. All measurements with error were

discarded. Measurements were performed according to

the manufacturer’s guidelines. All patients were

examined in sitting position.

The precision of ICT in experienced hands was

determined by repeated measurements in the first 12

patients (repeatability coefficient 2.38 mmHg). Two

studies were conducted:

ICT by experienced tonometrists

This comparison study was performed by two

experienced ophthalmologists (examiners 1 and 2) on 200

eyes of 100 patients. These tonometrists were

experienced in the use of both GAT and ICT.

Examiner 1 obtained an ICT measurement (average of

six recordings) for each eye; then, after instilling topical

anaesthesia, GAT was performed twice in a masked

manner (examiner 1 performing the applanation and

examiner 2 recording the IOP). ICT and GAT were then

repeated with the examiners changing roles. The ICT

readings are difficult to mask from the examiner;

however, with this methodology, each examiner was

unaware of the GAT measurement that they had

obtained. The average IOPs by GAT and ICT were

calculated for each eye. The IOPs of 100 right eyes were

used for analysis.

ICT by inexperienced tonometrists

We investigated the agreement between IOP

measurements by inexperienced tonometrists using ICT

as compared to experienced tonometrists using GAT.

A registered nurse with no previous experience in any

form of tonometry was asked to use ICT after instruction

and a trial run on four patients (eight eyes). Inexperience

was considered to persist for a maximum of 15

measurements; hence, no single observer performed

more than this. These 15 measurements did not include

the trial run. There were six inexperienced tonometrists

in total, and 58 patients were included in the study. The

inexperienced tonometrists performed ICT on each eye

and recorded the average of the six readings for each eye.

An experienced tonometrist, masked to the ICT

measurement, then performed GAT twice and recorded

the average value.

The 95% limits of agreement between the two methods

of tonometry were calculated by the Bland–Altman

method.7 The mean (M) and standard deviation (SD) of

the difference in IOP between GAT and ICT (GAT-ICT)

were calculated. The 95% limits of agreement are

calculated as M7(1.96� SD). For the purposes of

analysis, inexperienced tonometrists were pooled as if as

they were a single observer. There was no wide variation

in the readings by any of the observers.

Results

ICT by experienced tonometrists

Of the 100 patients (100 eyes) who entered the study,

there were 45 males and 55 female patients with a mean

age of 72 years. Thirty had glaucoma.

Table 1 shows the descriptive statistics of IOP

measurements obtained with the two tonometers. In

experienced hands, 81% of differences were within

72 mmHg and 91% were within 73 mmHg. There was

no consistent over-or under-recording of the IOP by ICT.

The mean difference in IOP between GAT and ICT

(GAT-ICT) was 0.2 mmHg with a SD of 2.15. The 95%

limits of agreement between the two tonometers using

the Bland–Altman method were �4.0–4.4 mmHg. The

agreement between the measurements, graphically

Figure 1 ICares rebound tonometer.
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analysed using the Bland–Altmann plot, is shown in

Figure 2.

ICT by inexperienced tonometrists

Fifty-eight right eyes of 58 patients (31 males and 27

females) were included in this part of the study. The

mean age was 67 years. Table 2 shows the descriptive

statistics of IOP measurements obtained with the two

tonometers. In inexperienced hands, 81% of patients had

a mean difference of p73 mmHg. Here, the IOP

measured using ICT was slightly higher than GAT, but

the difference was not statistically significant.

The mean difference between GAT and ICT in this

group was �0.5 mmHg and SD was 2.8. The 95% limits of

agreement between the two tonometers were �6.0–

5.0 mmHg. Figure 3 shows the Bland–Altman plot to

assess the agreement between ICT recorded by

inexperienced tonometrists and GAT by experienced

tonometrists.

Discussion

Recent reports about the accuracy (conformity with a

standard) of ICT have been conflicting. In both normal

and glaucomatous populations, van der Jagt and

Jansonius8 reported ‘good agreement’ between ICT and

GAT. The 95% limits of agreement for ICT compared with

GAT in their study were �6–þ 7 mmHg. In contrast,

Fernandes et al6 compared ICT with GAT in 43 university

students and found a statistically significant difference

between the mean IOP measurements. In addition, they

reported that ICT systematically overestimated the IOP

value by 1.34 mmHg on average when compared with

GAT. The 95% limits of agreement in their study were

73.98 mmHg. Similarly, Martinez-de-la-Casa et al9 also

reported that ICT consistently overestimated IOP

compared with GAT (median difference,

1.872.8 mmHg). In a recent report, Iliev et al10 have

reported moderate to good agreement between these two

devices. Here again, ICT recorded higher readings.

To some extent, the ‘agreement’ of a new method of

measurement compared with the gold standard

depends on the method of comparison. We used the

Bland–Altman test of the limits of agreement. In

addition, we examined the frequency distribution of the

IOP difference between ICT and GAT.

Unlike the study by Fernandes et al6 and Iliev et al,10 in

our study, ICT did not consistently under- or

overestimate the IOP. The Bland–Altman analysis is

generally considered the ideal method for assessing

agreement of a new instrument with the gold standard.11

Using this method, we determined that 95% of ICT

readings by experienced tonometrists are within

�4.0–4.4 mmHg of those measured with GAT. In

inexperienced hands the discrepancy was slightly

greater. Finally, in more than 80% of patients, in both

groups, the difference in IOP between GAT and ICT was

p3 mmHg.

Limitations of this study can be particularly addressed

on comparison of ICT with GAT in inexperienced hands.

Here, we used nurses who had no experience with

Table 1 Descriptive statistics for GAT and ICT (n¼ 100)

Tonometer Minimum
IOP (mmHg)

Maximum
IOP (mmHg)

Mean
IOP (mmHg)

Standard
deviation

Goldmann 8 27 15.4 3.5
ICares 8 30 15.3 3.7

Abbreviations: GAT, Goldmann applanation tonometry; ICT, ICares

tonometry.
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Figure 2 Plots of difference vs mean IOP values obtained with
GAT and ICT by experienced tonometrists.

Table 2 Descriptive statistics for GAT and ICT (n¼ 58)

Tonometer Minimum
IOP (mmHg)

Maximum
IOP (mmHg)

Mean
IOP (mmHg)

Standard
deviation

Goldmann 8 44 16.4 6.7
ICares 9 38 16.9 6.3

Abbreviations: GAT, Goldmann applanation tonometry; ICT, ICares

tonometry.
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Figure 3 Plots of difference vs mean IOP values obtained with
GAT by experienced and ICT by inexperienced tonometrists.
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tonometry. In this sub study, the patient numbers were

relatively small, and the tonometrists were pooled as if

they were a single, persistently inexperienced observer.

The validity of this approach may be debatable. In

addition, the number of patients with IOPs 430 or

o10 mmHg was small; hence, we cannot comment on

possible systematic errors at the lower or upper IOP

range. In group 2, there were more patients with IOP

above the normal range. Although this could be

considered a reason for a wider range in the limits of

agreement in this group, most patients with a GAT-ICT

measurement of 5 mmHg or greater actually had IOPs in

the normal range. However, as most patients had IOPs in

the normal range, our conclusions are principally limited

to this group. Assessment of the limits of agreement at

higher IOPs would require further study.

In summary, ICT compares reasonably with GAT, in

both experienced and inexperienced hands. Its ease of

use, portability, and sterility make it an attractive

tonometer. Furthermore, the intraobserver variation of

GAT in the study by Dielemans et al12 was reported to be

1.50 mmHg (SD 1.96), and the limits of agreement for

GAT vs GAT can be calculated as �2.3–5.3 mmHg. Hence,

ICT in our study compares favourably. Also, its degree of

accuracy in inexperienced hands would make it a useful

instrument for health care workers with limited

ophthalmic experience. It could be usefully employed in

a number of settings, including optometric practice,

general practice, and in the Emergency Department.
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