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Abstract

Purpose: To investigate if the accuracy of intraocular pressure (IOP) measurements using
rebound tonometry over disposable hydrogel (etafilcon A) contact lenses (CL) is affected by
the positive power of the CLs.

Methods: The experimental group comprised 26 subjects, (8 male, 18 female). IOP measure-
ments were undertaken on the subjects’ right eyes in random order using a Rebound Tonometer
(ICare). The CLs had powers of +2.00 D and +6.00 D. Measurements were taken over each contact
lens and also before and after the CLs had been worn.

Results: The IOP measure obtained with both CLs was significantly lower compared to the value
without CLs (t test; p<0.001) but no significant difference was found between the two powers
of CLs.

Conclusions: Rebound tonometry over positive hydrogel CLs leads to a certain degree of I0P
underestimation. This result did not change for the two positive lenses used in the experiment,
despite their large difference in power and therefore in lens thickness. Optometrists should
bear this in mind when measuring I0P with the rebound tonometer over plus power contact
lenses.

© 2016 Spanish General Council of Optometry. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
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Medicion de la presion intraocular sobre lentes de contacto blandas positivas,

Objetivo: Investigar si la precision de las mediciones de la presion intraocular (P10), utilizando

PALABRAS CLAVE

Lentes de contacto; mediante tonometria de rebote
Hidrogel;

Tonometria de Resumen

rebote;

Presion intraocular

la tonometria de rebote sobre las lentes de contacto (LC) desechables de hidrogel (etafilcon
A), se ve afectada por la potencia positiva de dichas lentes.

Métodos: El grupo experimental incluyo a 26 sujetos, (8 varones, 18 mujeres). Se realizo la
medicion de la PIO en los ojos derechos de los sujetos, de modo aleatorio, utilizando un
Tonémetro de Rebote (ICare). Las LC tenian potencias de +2,00D y +6,00D. Se realizaron
mediciones con cada lente de contacto, y también antes y después a su uso.

Resultados: El valor de la PIO obtenido con ambas LC fue considerablemente menor al valor sin
LC (t del test; p<0,001), aunque no se hallé una diferencia significativa entre las dos potencias
de las lentes.

Conclusiones: La tonometria de rebote sobre las LC positivas de hidrogel origina un cierto
grado de subestimacion del PIO. Este resultado no sufri6 variacion entre las dos lentes positivas
utilizadas en el experimento, a pesar de la gran diferencia de potencia, y por tanto del espesor
de las lentes. Los optometristas deberian de tener en cuenta estos resultados en a la hora de
medir el PIO con un tonémetro de rebote, con lentes de contacto de mayor potencia.

© 2016 Spanish General Council of Optometry. Publicado por Elsevier Espana, S.L.U. Este es un
articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licencias/by-

nc-nd/4.0/).

Introduction

Primary open angle glaucoma is a potentially blinding
condition."” Raised intraocular pressure (IOP) is an impor-
tant risk factor for the development and progression of optic
nerve damage in glaucoma, and is the target of both medi-
cal and surgical treatment being currently the only treatable
risk factor.?

Measuring IOP over a soft contact lens (CL) can be very
useful for several reasons. These include avoiding topical
anaesthesia, minimizing trauma in conditions of corneal
pathology, whenever there is a need to undertake tono-
metry several times, when the corneal surface is extremely
irregular and finally to allow IOP measurement without
removing the CLs.?

Villani* was probably the first to use a soft contact
lens with contact tonometry having the aim of avoid-
ing pharmacological anaesthesia. Several studies showed
that measurement of IOP can be performed over soft
contact lenses using the Goldmann tonometer,’> 2 the
Mackay Marg tonometer,”® the Tono-Pen,'*""7 the gas
pneumotonometer,'®"” the non-contact tonometer'®-%¢ and
the dynamic contour tonometer.'"27-2°

In 2005 a new handheld device became available to
measure IOP, the ICare rebound tonometer, having the
advantage over other instruments that no topical anaes-
thesia is required. A light magnetized small, disposable
probe, characterized by a round plastic tip, is launched
towards the eye using a solenoid. The probe hits the eye
and bounces back. The return rate of the probe after it
touches the cornea permits information about I0P.3%-3
The results are reproducible and reasonably accurate.??"33
Several investigators**~“° have evaluated the ICare tonome-
ter compared with other tonometry devices, showing a

reasonable overall correlation and concordance between
the I0OP obtained with the Goldmann or Pascal types.

It has been shown that with the rebound tonometer it
is possible to measure IOP over soft CLs, either hydrogel
or silicone hydrogel, with good clinical accuracy.**-*° How-
ever it has been found that the type of material and the
power of the CL can cause an underestimation of I0P*' or
overestimation.?>

The aim of this study was to verify this effect not only
for a +2.00D CL but also for a higher positive +6.00D CL.
Other corneal parameters such as thickness and curvature
were evaluated to investigate their influence on the mea-
surement.

Methods
Subjects

Twenty-six subjects (8 male and 18 female), age range
from 21.2 to 48.7 years (mean 28.8; SD 8.9 years), were
enrolled in the study. Inclusion criteria were normal corneas
(no corneal scarring, corneal pathology or prior corneal
surgery), assessed by slit lamp examination and videoker-
atoscopy, and corneal astigmatism of not more than 2.50D.
Contact lens wearers were enrolled only if they had taken
their lenses out for 12h before the experiment. All sub-
jects had been informed about the experiment in detail and
had signed the consent document in compliance with the
Declaration of Helsinki before the experiment.

Materials

All tonometric measurements were carried out with a
rebound tonometer (ICare; Finland Oy). The CLs used were
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Table 1  Properties of the CLs used in the study (the manu-
facturer would not provide thickness data for positive CLs).
Material Etafilcon A
BOZR (mm) 8.70
TD (mm) 14.0
Fv’ +2.00 and +6.00
Modulus (MPa) 0.26
Dk/t (x10-9) 40
Water content (%) 58
Central thickness 0.084
(—3.00D) (mm)
FDA Group v

bi-weekly replacement hydrogel (Acuvue 2™). The proper-
ties of the contact lens are reported in Table 1. Two different
spherical powers were used: +2.00D and +6.00D.

Procedure

To evaluate the effect of power on the measurement of 10P,
a repeated measurements design was used. Four measures
of IOP were taken on the right eye of each subject. The
first measurement (RT1) and the last measurement (RT4)
were taken without CLs. The second and third measure-
ments were performed over the two different powers of
the CLs. In order to prevent a possible effect on I0P of
the repetition of the measurement® or the insertion and
removal of CLs,* each subject was assigned randomly to
one of two different sequences (Table 2). In order to control
accommodation, that might influence the measurement of
IOP during experiments,“~* the left eye (corrected with CLs
for any hyperopic defect) viewed a distance target (6/24 or
0.6 logMAR).

One investigator assigned each subject randomly to one
experimental condition and fitted all CLs to each subject.
A second investigator, experienced in rebound tonometry,
performed all IOP measurements on each subject for all
conditions in order to reduce between-observer bias. He
was blind to which kind of CLs had been fitted. Rebound
tonometry was undertaken in the usual manner as recom-
mended by the manufacturer. Two readings were obtained
and averaged.

A third investigator checked the position of the rebound
tonometer probe on the cornea during the measurement. If
the position was incorrect, the measurement was rejected.

Table 2 The two sequences of measurements performed
on the right eye. Key: RT1: first measurement without CL.
+2: measurement with hydrogel +2.00D. +6: measurement
with hydrogel +6.00D. RT4: second measurement without
CL.

First sequence Second sequence

RT1 RT1
+2 +6
+6 +2
RT4 RT4

This control was performed because it has been demon-
strated that the location of the tonometer on the cornea
can affect the measurement of IOP*’~-“¢ even though a recent
study showed that the rebound tonometer appears insensi-
tive to misalignments.*

After the measurement the third investigator read the
measure on the display of the tonometer. Measurements of
IOP that the instrument indicated were unreliable were dis-
carded. Thus the measurements were repeated up to the
moment the third investigator had two valid readings. The
number of measures required to achieve two valid readings
was recorded. To reduce between observer and fitter bias,
the three investigators remained the same for the entire
experiment. There was an interval of five minutes between
each repeated measure. A new disposable probe was used
for each subject. All measurements were taken between
1.00 and 3.00 pm in order to minimize the effect of diurnal
variation of IOP on the results.

Before the IOP measurements, a corneal topographic map
as well as a pachymetric map of each cornea was taken
by a Scheimpflug camera system (Sirius acquiring system;
CSO, Florence, ltaly) in order to evaluate a possible effect
of corneal thickness and curvature on tonometric measure-
ment.

Analysis

Data were analyzed using STATISTICA (StatSoft Inc., Tulsa,
OK, USA) V.6.0 for Windows. Descriptive data were
expressed in mean + standard deviation.

The Kolmogorov-Smirnov test was used to evaluate the
results for a normal distribution of 10P, and corneal param-
eters data. All the statistical processing used to analyze the
comparison between the measurements with and without
CLs was performed using a value for the latter (RT) that was
the mean of the first (RT1) and last measurements (RT4).
The strength of the relationship between IOP measurements
without CLs and with the two powers of CLs was evaluated
using a correlation analysis (r of Pearson). A Bland-Altman
plot was used to assess the difference in IOP reading with
and without the two powers of CLs as a function of IOP value.
A Student’s paired t test for repeated measurement was
applied in order to evaluate the differences between the
measurements obtained without CLs and with each positive
CL. Considering the sample size, the statistical powers of
the significant comparisons of paired t test +2 and RT and +6
and RT were 0.987 and 0.965 respectively.

Any possible relationship between corneal parameters
(thickness, curvature, asphericity) and the measurement
of IOP over positive CLs was evaluated using a correlation
analysis (r of Pearson) between every corneal parameter
measure and the difference in IOP measurement with and
without the CLs.

Results

Mean corneal astigmatism of the subjects’ right eyes was
—0.73+£0.37D (range —0.15/—1.60D). Twenty right eyes
had with the rule astigmatism (steepest corneal meridian
90° +20°), three had against the rule astigmatism (steep-
est corneal meridian 180°+20°) and three had oblique
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Figure 1  10P measured over the two powers of CL, +2.00 (+2),

and +6.00 (+6) and without CL (RT).

astigmatism (steepest meridian between 21° and 69° or 111°
and 159°). The right eye central corneal thickness and the
corneal thickness at the pupil centre was 540 432 um and
542 + 32 um respectively.

Mean spherical equivalent refraction of the subjects’
right eyes was —2.10+2.28D (range —0.75/—7.13D).

Mean of intraocular pressure without CLs and with
+2.00D and +6.00D was 19.0 +4.1 mmHg (range: 9.0-27.5),
17.6 + 4.6 mmHg (range: 10.5-25.0) and 17.8 £4.1 mmHg
(range: 10.8-24.8) respectively (Fig. 1).

Every single distribution of the measurements obtained in
the several conditions was normal. The correlations between
IOP measurements without CLs and with the positive CLs
were>0.9 (p<0.05 in all cases).

The Bland-Altman plots for the comparison between the
measurement with +2.00D CL and without CL (RT) and the
measurement with +6.00D CL and without CL respectively
are shown in Figs. 2 and 3. The first Bland-Altman plot
(Fig. 2) shows that there is no proportional bias: no signif-
icant trend was detected for differences between +2.00D
and RT measurements as a function of their mean value
(r=0.30, p=0.141). The second Bland-Altman plot (Fig. 3)
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Mean IOP between +2 and RT (mmHg)

Figure 2 Bland-Altman plot of the differences between
+2.00D and RT (without CL) plotted against mean of the two
measures. Limits of agreement are calculated as mean differ-
ence £1.96 SD of differences.
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Figure 3 Bland-Altman plot of the differences between

+6.00D and RT (without CL) plotted against mean of the two
measures. Limits of agreement are calculated as mean differ-
ence +£1.96 SD of differences.

for the +6.00D and RT measurements gave a similar result,
mean value (r=0.006, p=0.98).

Table 3 gives the paired-samples t-test between the
measurements with and without CLs. All the comparisons
between the measurements without CLs and the measure-
ments with the positive CLs were significant. The comparison
between measures obtained with the +2.00D and +6.00 D CLs
was not significant.

In order to evaluate if corneal parameters such as thick-
ness, curvature or asphericity were affecting the difference
in IOP measurement with and without CLs, a coefficient of
correlation was calculated. None of these parameters corre-
lated with the difference between IOP values obtained with
+2.00D and RT or +6.00D and RT.

Discussion

IOP measurement with a rebound tonometer over positive
hydrogel CLs provides statistically significant lower values
than the measurement without CLs. The decrease is not
proportional to the increase in refractive power of the CL.
Despite the fact the difference is statistically significant,
from a clinical point of view this difference is minimal
because it is almost at the cut off value of more than
1.5 mmHg that is considered relevant.>°

Although the rebound tonometer is among the most
recent instruments used today, it is gaining a relative accep-
tance especially for the simplicity of the procedure and
that topical anaesthesia and fluorescein are not required.
The results are reproducible and reasonably accurate.??-33
Furthermore it can be used in challenging patients such

Table 3 Paired comparisons between the measurements in
the different conditions with and without CLs.

Comparison t p

+2 and +6 -0.77 0.45
+2 and RT —4.37 0.0002
+6 and RT —3.95 0.0005
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as children®'~*2 or the disabled. It is suitable for reclined
patients, domiciliary visits and self-measurement.>>

It has been shown that with the rebound tonometer it
is possible to measure I0OP over soft CLs, either hydrogel
(etafilcon A) or silicone hydrogel (senofilcon A), with good
accuracy.*! In this study it was shown that IOP measurements
were lower than those without CLs. The difference was
not statistically significant with silicone hydrogel CLs. The
differences in IOP were statistically significant for hydro-
gel CLs. The underestimation of IOP was greater for power
+2.00D compared to CLs of negative power.

Our results appear to conflict with previous studies where
the tonometry measurement was taken using conventional
applanation tonometers, especially the air puff type, where
positive soft CLs contribute to an increase in the value
of IOP.7:20-23,54-36 The results from tonometry can be influ-
enced by the characteristics of the patient’s cornea such
as corneal thickness®’=® corneal curvature® and corneal
biomechanical factors.®® True IOP will be overestimated
in eyes with thick corneas, a steep corneal curvature and
high corneal hysteresis. However, most researchers have
considered the effect of tonometry based on applanation
principles. Regarding the rebound tonometer, Chui et al.,**
have found that the result is affected by biomechanical
corneal properties but not corneal thickness. Jorge et al.,*
found that although corneal thickness can play a role in
rebound tonometry, individual physiological variations of
biomechanical corneal properties such as the elastic and
viscoelastic responses, may be more relevant factors.

In a recent cross-sectional study,* the effect of plano
power lotrafilcon A contact lenses in situ on IOP measure-
ment from three portable tonometers, including ICare, was
assessed in young healthy subjects. A statistically signifi-
cant overestimation of 1.00 mmHg was found between IOP
measurements obtained with the rebound tonometer with
and without CLs. This result could be attributed to the
higher modulus of lotrafilcon A which should offer more
resistance to the deformation than CLs in senofilcon A (used
in the previous study*'), and etafilcon A (used in the pre-
vious and present studies). A similar increment in IOP was
found by Anton et al.,?> when measuring IOP with a rebound
tonometer over a silicone hydrogel soft CL (balafilcon A)
characterized by a water content of 36%, back vertex power
of plano and a central thickness of 0.07 mm.

The decrement in IOP found in the present study could
be attributed to low resistance to deformation produced
by etafilcon A®? a hydrogel characterized by high water
content. In this study, we have had the opportunity to com-
pare the effect on IOP induced by two CLs having positive
powers, and significantly different thickness. The presence
of the same trend in the change of IOP induced by the two
CLs leads us to believe, in accordance with Chui et al., > that
the thickness at the centre of the cornea, or cornea together
with the CL, does not affect the value of I0P assessed with
a rebound tonometer.

Conclusion

In conclusion, the measurement of IOP while positive
power CLs having a water content of 58%, such as those in
etafilcon A, are worn, tends to give lower values than those

obtained without CLs. This occurs with both +2.00D and
+6.00D CLs. Eye care practitioners should keep this in mind
when analyzing IOP values or remove positive CLs before
performing rebound tonometry measurements.
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