Comparison of Measurement of Intraocu-
lar Pressure by ICARE PRO® Tonometer
and Goldmann Applanation Tonometer

SUMMARY

The paper compares a concordance in measuring the intraocular pressure (IOP) using
two different tonometers, Goldman applanation tonometer (GAT) and ICARE PRO®
tonometer. GAT is nowadays considered a standard device for measuring the 10P
at the offices of ophthalmologists. Options of the measurements are however limited
by necessary installation as well as use of a slit lamp where the evaluation is made
subjectively by the examiner. The ICARE PRO® tonometer is a light and mobile device
that allows to perform the measurement horizontally as well as vertically. The results
are calculated automatically.

The data for the paper was collected by IOP measurements in right and left eye in 45
individuals at the age range of 8-84 years. They were all diagnosed for glaucoma or
were suspected to have glaucoma. The measurements were carried out always at the
same day time. The acquired data was compared by a double select paired t-test with
a significance level p = 0.05 and then analyzed by Bland-Altman method.

There was no statistically important difference (p > 0.26) between the two devices. The
average |OP measured by the ICARE PRO® tonometer was 18.19 mm Hg with stan-
dard deviation 3.70 mm Hg, whereas the average IOP measured by GAT was 17.94
mm Hg with standard deviation 3.66 mm Hg. It was observed that the difference in the
measurements was not related to the IOP.

The results show an acceptable concordance of measurements performed by the two
devices. The ICARE PRO® tonometer, in comparison with its predecessor ICARE®
TAO1 evaluated in the past, shows a much smaller average difference in collected va-
lues compared with GAT. Based on the analysis of the collected data it may be stated
that measuring the IOP by ICARE PRO® tonometer is clinically acceptable alternative
to the use of GAT.
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on tonometer (GAT), is placed on a

INTRODUCTION

Measurement of intraocular pressure
(IOP) represents one of the basic me-
thods for screening and monitoring of
glaucoma or ocular hypertension. To
date, the most widely used and inter-
nationally recognised method for me-
asuring IOP is Goldmann applanation
tonometry, frequently referred to as
the gold standard in the measurement
of IOP [1]. Upon the use of this me-
thod, IOP is determined on the basis
of the “Imbert-Fick law”, modified for
the requirements of calculation of the
pressure of the real eye [2], in which
IOP is calculated from the force ne-
cessary for applanation of the cornea
by a blunted glass cone with a certain
constant diameter. The corresponding
instrument, a Goldmann applanati-

slit lamp, the optical system of which
is used simultaneously for measu-
rement. Upon measurement of I0P
using GAT, itis essential to apply local
anaesthetics and fluorescein to the
cornea. This is therefore an invasive
examination, which places a certain
burden on the patient. Further disa-
dvantages are the immobility of the
instrument connected to the slit lamp,
subjective reading of the resulting va-
lues and the essential additional ex-
perience of the examiner.

A range of methods have been pro-
posed and practically implemented
for the measurement of IOP, based
on various principles which attempt to
eliminate the disadvantages of mea-
surement on GAT. An overview is pre-
sented for example by the publication
[3]. One of the possible alternatives
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may be tonometry based on rebound,
also known as dynamic or rebound
tonometry, which does not require
anaesthesia of the cornea or applica-
tion of other pharmaceuticals, whilst
at the same time providing a good
concordance of measurement with
the results of Goldmann applanation
tonometry within the framework of the
trials conducted to date [4, 5, 6]. In the
Czech Republic this method is not yet
widespread in clinical practice, and
the original comparative trial conduc-
ted by Czech authors has not been
published yet in professional periodi-
cals. The method is based on the ob-
servation of the rebound of the moving
probe of the instrument off the cornea
of the eye, where a change of the mo-
vement parameters of the probe takes
place depending on the level of I0P.
The value of IOP is subsequently de-
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termined from the kinetic parameters
of the probe. This method is practica-
lly used for example by instruments of
the ICARE® type, in which the latest
types of this device include the type
ICARE PRO®. The first tonometer
based on this method was presented
in the year 2000, the first commerci-
ally available device was introduced
onto the market in 2003 [7, 8]. The
core advantages of this technique and
thus also of the ICARE PRO® device
include easy handling, speed of mea-
surement, mobility of the instrument,
possibility of measuring in vertical and
horizontal position, determination of
the final result by automatic averaging
of a number of consecutively measu-
red data, and the ability to conduct the
measurement without the application
of any pharmaceuticals.

The ICARE PRO® tonometer is a li-
ght, mobile instrument, which can be
controlled easily with one hand, in
which the measured data is displayed
on an integrated display and saved in
the memory. It is subsequently possi-
ble to export and back up the data in
the supplied database software in a
computer. The instrument is fed by an
inbuilt accumulator and recharged in
a separate docking station, which at
the same time serves for connection
to a computer. The actual measuring
device is a measuring head, installed
on an ergonomic handgrip with a main
control button. The measuring head
contains a coil into which a disposable
probe is inserted horizontally — a light,
magnetised metal rod with a rounded
contact end. Before measurement,
the contact end of the rod, inserted
in the measuring head, is brought
towards the cornea to a distance of
approximately 4 to 8 mm. An adjus-
table head rest located in the upper
part of the measuring head serves
for maintaining the correct examinati-
on position. Upon pressing the main
button, a magnetic field is triggered
in the coil by an electrical impulse,
launching the probe into movement
at the cornea. Following rebound of
the probe from the cornea and its bac-
kward movement voltage is induced
in the coil, which is detected, ampli-
fied, converted into a digital signal and
processed. The generated voltage is
dependent on the movement parame-
ters of the probe. The relevant IOP is
determined from the obtained data by
the integrated software. With regard
to the potential variability of the re-
sults, the final result is determined as
an average of a number (usually six)

of rapidly following consecutive partial
measurements.

As has already been mentioned, pre-
viously published studies demonstra-
te a good concordance of the prede-
cessors of the ICARE PRO® model
with GAT [4, 5, 6]. The aim of this
paper was to determine whether this
new model also demonstrates a good
concordance in comparison with GAT,
and the extent to which it can there-
fore be substituted for GAT in routine
clinical practice.

METHODOLOGY

The study took place atthe Department
of Ophthalmology at the University
Hospital of Palacky University in Olo-
mouc. The study enrolled 45 subjects
(28 women and 17 men) aged from 8
to 84 years, with an average age of 55
years and a standard deviation of 18
years, in whom glaucoma had been
diagnosed, or who had been observed
due to suspicion of glaucoma. For the
purposes of the study, pressure was
measured in both eyes of all the sub-
jects, thus a total of 90 eyes were me-
asured. The study was conducted in
accordance with the provisions of the
Helsinki Declaration. With regard to
the possible influence of physiologi-
cal changes on IOP during the cour-
se of the day, the measurement was
conducted always between 8 a.m.
and 12 p.m. The measurement was
implemented within the framework of
a complex ophthalmological exami-
nation. As a result, mydriatics were
applied to both eyes of all subjects
before initiation of the examination.
For the purposes of the examination
by Goldmann tonometer, anaesthe-
tics and dye in the form of fluorescein
strips were also applied. For reasons
of maintaining the same physiologi-
cal conditions upon measurement by
both instruments and ensuring the mi-
nimum possible time delay between
the individual measurements, all the
stated substances were applied be-
fore initiation of measurement. Each
subject was first of all measured using
ICARE PRO® tonometer, always with
a new disposable probe. IOP was de-
termined first of all for the right and
then the left eye. One measurement
on the given eye consisted of a series
of six rapidly performed consecutive
partial measurements. In this process
the software automatically evaluated
whether a partial measurement had
been erroneous, i.e. whether the spe-
ed of the probe was too low or high,

or whether its impact was too soft or
hard. These errors can be caused by
an inappropriate distance or incline
of the instrument, or an undesirable
rebound of the probe off the eyelid or
non-central part of the cornea. If an
error was detected, the measurement
was not accepted and it was conduc-
ted again. The resulting value of intra-
ocular pressure for the given eye, he-
reinafter indicated as IOPICARE, was
obtained as an arithmetic average of
the partial results. At an interval of five
minutes after the end of the last mea-
surement of the subject using the ICA-
RE PRO® instrument, IOP was mea-
sured using GAT. The value from GAT
is hereinafter indicated as IOPGAT.
IOP was again first of all determined
for the right and then the left eye, in
which one measurement was conduc-
ted on each eye and the values were
read on the scale by the examiner.
Each of the compared devices was
operated by a different examiner, with
sufficient practical experience in han-
dling of such a device. The examiners
did not change throughout the entire
study. The values determined with
ICARE PRO® were not known to the
examiner using GAT before the mea-
surement.

The concordance of the data obtained
by both instruments was tested by a
double-sample pair t-test on a level of
significance p = 0.05, and further ana-
lysed by the Bland-Altman method [8].
For the requirements of this analysis,
the partial difference AIOP was deter-
mined between the values measured
by both instruments, AIOP = IOPICA-
RE — IOPGAT, as well as the arithme-
tical average of these partial values
(IOPICARE + IOPGAT)/2. In addition,
the overall average difference in pre-
ssure, the relevant standard deviation
SD and 95% confidence interval were
calculated for all the examined eyes.
The upper and lower limits of the con-
fidence interval were determined as +
1.96-SD. The analysis was conducted
in the program MS Excel.

RESULTS

No statistically significant difference
(p > 0.26) was found between the
data from both tested instruments in a
pair t-test. The overall average value
of IOP from the data obtained with the
ICARE PRO® tonometer was 18.19
mm Hg, the relevant standard devia-
tion was 3.70 mm Hg. In the case of
GAT, the overall average value was
17.94 mm Hg with a standard devi-
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ation of 3.66 mm Hg. The measured
values fluctuated within an interval
from 10.00 mm Hg to 27.70 mm Hg
for ICARE PRO® and from 11.00 mm
Hg to 26.00 mm Hg for GAT.

ABIland-Altman analysis of the concor-
dance between the results obtained
from both instruments is graphically
presented in Fig. 1. The difference
AlOP of the measured pressures, de-
termined for each eye, is plotted de-
pending on the arithmetical average
of the values from both studied tono-
meters, in which the data determined
for the individual eyes is illustrated by
circles. The average difference, repre-
sented in the graph by a full horizontal
line, was 0.25 mm Hg with standard
deviation of 2.15 mm Hg. The scope
of the relevant 95% confidence inter-
val was from -3.97 mm Hg to +4.48
mm Hg. The limits of the interval are
illustrated in the graph by means of
horizontal dotted lines. The performed

correlation analysis implied that the
dependence of the difference AIOP on
the average pressure is not significant
for the observed sample (r = 0.018, p
> 0.86).

The frequency of the values of size of
the differences is illustrated by the his-
togram in Fig. 2. A difference in size of
less than 3 mm Hg was determined in
84.4% of the studied eyes, of which
the size of the difference in 65.5% of
measurements was less than 2 mm
Hg an in 34.4% of measurements less
than 1 mm Hg. A difference in size of
3 mm Hg and more was determined in
15.6% of eyes, of which a difference
of over 4 mm Hg was recorded in only
6.7% of cases.

DISCUSSION

In some cases (for example immobi-
le patients, children), observation of
intraocular pressure requires mobile,
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Fit. 1 Graphical dependence of difference in pressures measured by ICARE PRO®
and GAT on average value of measurement. The circles represent the values ob-
tained for the individual eyes. The full horizontal line represents the average value
of the difference; the dotted lines delineate the 95% confidence interval.
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Fig. 2 Histogram of absolute frequency of occurrence of size of differences in pre-
ssures measured by ICARE PRO® and GAT.

quick and simple measurement, if po-
ssible without placing any further bur-
den on the examined patient. Mobili-
ty, simplicity and the ability to record
quickly also plays a significant role
in screening. Goldmann applanation
tonometry, which usually requires a
device firmly attached to a slit lamp,
the necessity of application of phar-
maceuticals to the eye and subjecti-
ve reading of the resulting values, is
not optimal for these purposes. As a
result, alternative methods for mea-
surement of IOP are being sought,
which could eliminate these disa-
dvantages to a considerable degree.
The widespread techniques which do
not require the application of phar-
maceuticals include noncontact to-
nometry, which uses flattening of the
cornea caused by an air jet. However,
this method may cause considerab-
le discomfort for some patients [10].
Tonometry based on the rebound
method, specifically tonometry of the
ICARE® type, represents one of the
options which combine the required
properties. An ICARE® tonometer,
specifically type TAO1, is one of the
first commercially used tonometers
of this type whose concordance with
GAT has been studied in detail. The
obtained results demonstrate clinica-
lly acceptable concordance.

In the study [4] conducted on glauco-
ma patients it was determined that in
comparison with GAT, ICARE® TA01
produces values by 1.00 £ 3.50 mm
Hg lower (average * standard deviati-
on), in which a difference of less than
3 mm Hg was determined in 74.1% of
the measured eyes. As against this, a
research presented in a publication [6]
determined averagely higher values
in the case of ICARE® TA01 in com-
parison with GAT, by 1.40 £ 2.19 mm
Hg. The study included patients with
normal ocular pressure, hypertension
and glaucoma. Similar conclusions
are also presented in a publication [5]
in which the values produced by ICA-
RE® TAO01 were by 1.34 + 2.03 mm
Hg higher than in the case of GAT.
82.6% of measured eyes demonstra-
ted a difference of less than 3 mm Hg.
In all the above cases, concordance
of the measurements by both of the
observed instruments was evalua-
ted as good on the basis of a Bland-
-Altman analysis, and the ICARE®
TAO1 instrument was thus confirmed
as a suitable alternative to GAT.

In our study, on the basis of a compari-
son with GAT, we evaluated an ICARE
PRO® tonometer, which represents
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the latest commercially available mo-
del of an ICARE® type tonometer. In
addition to the above-stated advan-
tages of the previously verified type,
it provides the additional advantage of
simple transmission of the measured
data into the relevant database soft-
ware, which enables archiving and
processing of it. The instrument differs
from the previous model in a number
of technical parameters (for example
size of the used probe), and it is the-
refore impossible to take the results
which were valid for the older model.

On the basis of the data obtained
within the framework of our study, a
statistically insignificant (p > 0.26)
average difference of 0.25 + 2.15 mm
Hg was determined between the va-
lues of IOP measured using ICARE
PRO® and GAT. Taking into account
the above-stated published results
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