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ABSTRACT

Objective: To compare the Intraocular Pressure measured by the Goldmann Applanation tonometer with by iCare ic100
tonometer in normal human eye to determine the accuracy and reliability of both methods.

Study Design: Comparative cross-sectional study.

Place and Duration of Study: Ophthalmology Department, Combined Military Hospital, Quetta Pakistan, from Oct 2022 to
Apr 2023.

Methodology: Approval was secured prior to enrolling every individual, protecting their privacy throughout the process. All
instruments adhered to the manufacturer's guidelines for calibration. A single ophthalmologist assessed the intraocular
pressure of all participants. In our study we included 400 eyes (200 right and 200 left) among 200 patients. Initially, study eyes
were inspected using a slit lamp. Subsequently, iCare tonometer and Goldman applanation tonometer were employed to
gauge the intraocular pressure.

Results: Out of 200, 87 patients (43.5%) were male and 113(56.5%) were females. Median age of the patients was 51.00(45-58)
years range from 22-77 years. Mean IOP measured by iCare was 19.01+7.86 mmHg and by Goldman applanation tonomter
was 20.1448.15 mmHg. The correlation coefficient value between the readings of two instruments was r=0.866 with significant
p value (p< 0.001).

Conclusion: The iCare ic100 consistently provides high intraocular pressure measurements (2-3mmHg) compared to the
Goldmann Applanation tonometer across various sub Groups.
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INTRODUCTION

Intraocular pressure (IOP) is a measurement that
should be taken as part of an ophthalmic examination,
especially in those patients who have ocular
hypertension, glaucoma or patients who have risk
factors for developing glaucoma.! IOP measurements
involve assessing the cornea, which is influenced by its
curvature, thickness and biomechanics.2 The Maklakoff
Applanation tonometer, developed in 1865 by Albrecht
von Graefe, was the first instrument to measure IOP
during that time.?

IOP, GAT employs the Imbert-Fick law.¢ To guarantee
accurate results, the tonometer should be calibrated on
a regular basis with a control weight bar.” Despite of
being the clinical gold standard, GAT has its
limitations including the pre-requisite of corneal
anesthesia, requirement of patient cooperation,
variability of readings with corneal topographic
changes and effect of corneal thickness on intraocular
pressure readings.®

Measurement of IOP using iCare tonometer is a
new technique. The iCare tonometer is a compact
handheld equipment that measures IOP using an
induction/impact principle.® As the instrument is held
3-10 mm from the unanaesthetized eye, a solenoid
magnetized probe in the device is driven towards the

Tonometers that are used in clinical settings
nowadays give an estimation and measurement of
IOP. Tonometers can be Applanation, rebound,
indentation, transpalpebral, or contour.* Goldmann

Applanation tonometry (GAT) is a gold standard for
clinical application.> GAT is a small metal device with
a measurement range from 0-80 mmHg. To calculate
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eye, strikes, and then bounces from the cornea.!0

Due to paucity of date on the comparison
between this two tonometers in our local setup, our
study objective was to compare the intraocular
pressure measurement by iCare 100 compared with
Goldman Aplanation tonometer in normal human
eyes.
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METHODOLOGY

This Comparative Cross-Sectional study was
performed at Combined Military Hospital Quetta,
Pakistan for six months, from October 2022 to April
2023 after taking approval from Institutional Review
Board (vide reference number CMH/Qta IRB 039)

Inclusion Ciriteria: Normal healthy individuals of
either gender, aged 18 years and above, who presented
to the OPD of Ophthalmology department were
included in this study.

Exclusion Criteria: Patients who had ocular
pathologies such as central corneal opacities,
nystagmus, corneal astigmatism, ocular infection,
ocular trauma, dry eyes, and cornea with contact
lenses, and post-operative patients were excluded from
this study.

The sample size was calculated by using the
WHO sample size calculator by using correlation
coefficient r=0.816 for GAT and r=0.916 for iCare.ll
Our sample size came to 200 individuals, or 400 eyes.
Sampling was done wusing a non-probability
consecutive sampling.

Prior to enlisting patients, we acquired written,
informed consent after ensuring their confidentiality.
All devices were adjusted as per the manufacturer's
guidelines. The same ophthalmologist measured the
intraocular pressure of every patient. The eyes were
initially examined using a slit lamp. After that, the
iCare Tonometer (ic100) followed by the Goldman
Applanation Tonometer was employed to perform
intraocular pressure (IOP) assessments while the
patient was seated. The iCare device utilizes a
disposable probe, ensuring a single-use application.
The probe is precisely positioned 4-8 mm
perpendicular to the cornea's center. In this procedure,
six measurements are taken for each patient. The
software disregards the highest and lowest values,
utilizing only the four most accurate readings for IOP
determination. Subsequently, a 30-minute interval is
observed following the iCare method to minimize
fluctuations in IOP readings before proceeding with
the GAT method. During the utilization of the GAT
technique, a small quantity of proparacaine
hydrochloride (0.5%) combined with fluorescein
(0.25%) was instilled into both eyes. Next, the
Goldmann Applanation device, connected to a slit-
lamp biomicroscope, was utilized to obtain three
measurements from each eye. In our study, if the range
of intraocular pressure (IOP) fell within 2mm-Hg,
additional testing was unnecessary, and the average of

the aforementioned three measurements

considered conclusive.

was

Subsequently, a pachymeter utilizing ultrasonic
waves and possessing a solid tip was employed to
gauge the thickness of the central cornea (CCT). In
order to determine this, we obtained the mean value
from nine rapid measurements subsequent to
administering a single drop of proparacaine
hydrochloride (0.5%). Lastly, the IOL-Master was
utilized to measure the axial length (AL). IOP of GAT
measurement was used to divide all the subjects into
three Groups: Group with low IOP (eyes with less than
10 mm Hg IOP); Group with normal IOP (eyes with
10-21 mmHg IOP); and Group with high IOP (eyes
with more than 30 mmHg IOP).

Data was analyzed using Statistical Package for
Social Sciences (SPSS) version 26. Descriptive analysis
included frequencies and percentages, mean and
standard deviation. In the case of non-normally
distributed data, median and interquartile range were
presented. To measure the IOP (Intraocular Pressure)
using ICare and GAT, independent t-test was
employed. The correlation coefficient was calculated,
considering a p-value <0.05 as statistically significant.

RESULTS

In our study, we included 400 eyes (200 right and
200 left) among 200 patients. Out of 200 patients, 87
patients (43.5%) were male and 113(56.5%) were
females. Median age of the patients was 51.00(58.00-
45.00) years range from 22-77 years. Mean of Central
Corneal Thickness (CCT) and Axial Length (AL) was
567.88+34.45 pm and 24.26+1.01 mm respectively. The
details of demographic and clinical characteristics are
shown in Table-I.

Table-I: Demographic and Clinical Characteristics of the
Study Participants (n=200)

Parameters Catagories Values
Male 87(43.5%)
Gender Female 113(56.5%)
Ace in vears Median (IQR) 51.00(58.00-45.00)
gemy Range 22-77
CCT (um) Mean+SD 567.88+34.45
AL (mm) Mean+SD 24.26x1.01

*CCT: Central Corneal Thickness, AL: Axial Length

Mean IOP measured by iCare was 19.01+7.86
mmHg and by GAT was 20.1448.15 mmHg. The mean
difference of 1.12 was significant with p-value=0.046
shown in Table-II.
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Table-II: Comparison of IOP Measurement by iCare 100 and
Goldman Applanation Tonometer

Instruments
Parameter Goldma_n iCare -
Applanation (n=400) value
Tonometer (n=400)
IOP (mmHg) 20.1448.15 19.01+7.86 | 0.046
In low IOP Group, mean value of IOP

measurement by iCare and GAT was similar with no
statistically significant difference (p-value=0.059),
while normal IOP and high IOP Groups had
statistically significant difference in IOP measurement
by iCare and GAT as p-value< 0.05 shown in Table-III.

Table-III: Measurement of IOP by iCare 100 and Goldman

Applanation Tonometer in Three Groups
Goldman iCare .

Groups Applanation - -

Tonometer (n=400) (n=400) v
Low IOP(n=44) 8.38+0.96 7.95+0.96 0.059
Normal IOP
(n=207) 16.56+3.89 15.2243.72 | <0.001
High IOP
(n=172) 28.60+5.13 27.38+4.37 | 0.027

Furthermore, both left and right eyes also showed
statistically significant difference in IOP measurement
by iCare and GAT as p-value <0.05 shown in Table-IV.

Table-IV: Measurement of IOP by iCare 100 and Goldman
Applanation Tonometer with Respect to Laterality of Eyes

- Goldman .
Position of . iCare p-
Eye Syl el (n=400) value
Y Tonometer (n=400)
Left 20.07+7.87 18.95+7.89 | <0.001
Right 19.81+7.98 18.90+7.88 | 0.001

The correlation coefficient value between iCare
and GAT with respect IOP measurement was r=0.866
with significant p-value <0.001 shown in Figure.
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Figure: Correlation between iCare
Measurement of IOP (mmHg) (n=400)

100 and GAT by

DISCUSSION

Our results confirmed strong correlations
between the IOP measurements obtained from iCare
ic100 and GAT within three distinct Groups. GAT has
consistently been considered the benchmark for
assessing IOP.12 Despite its benefits, GAT has certain
drawbacks. Firstly, it requires an expert hand to
perform and also needs patient’'s cooperation.
Secondly, instillation of topical anesthetic drug and
fluorescein  staining are mandatory for the
measurement process. Lastly, there is a potential risk
of infection associated with the contact of the prism
tip.13

The basic idea behind GAT measurement is to
flatten a specific region of the central cornea. As a
result, corneal biomechanics and the thickness of the
central  cornea  inherently  influence = GAT
measurements.’ Ehlers et al.l> discovered that for
accurate IOP measurements with GAT, a corneal
thickness of 520 um is necessary. In our investigation,
the average measurement of the thickness of the
central cornea was 567.88+34.45, aligning closely with
the findings of Ehler's research.

iCare is a compact, portable gadget containing a
disposable magnetized tool. It doesn't necessitate local
anesthesia or fluorescein dye for measuring IOP. It is
simpler for operators to use and causes less discomfort
to patients, making it a viable alternative to GAT.1 In
our study on 200 patients, mean IOP measured by
iCare was 19.01£7.86 mmHg and by GAT was
20.14+8.15 mmHg. Similar to our study, Subramaniam
et al. demonstrated that mean IOP measured by iCare
was 12.1+4.6 mmHg and 16.2+5.3 mmHg measured by
GAT.” Tamcelik et al. discovered that iCare Pro had a
tendency to overestimate intraocular pressure (IOP)
when the IOP was low and underestimate it when the
IOP was high, as compared to the Goldmann
Applanation tonometry (GAT).’® However, our study
revealed that there was no significant variation in the
average IOP measurements obtained by iCare Pro and
GAT across the three different IOP Groups. Martinez-
de-la-Casa et al. conducted a study in which they
found a strong correlation (r=0.865) between the
intraocular pressure (IOP) readings obtained using the
iCare tonometer and the Goldmann Applanation
tonometer (GAT).”” In our own study, we also
observed a strong comparable correlation coefficient
(r=0.866) between iCare and GAT measurements.
Consistent with Martinez-de-la-Casa's findings, we
found that the IOP readings obtained by the iCare
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were consistently 2-3mmHg higher than those
obtained by the Goldman Applanation tonometer in all
three Groups studied.

Based on our observations, to achieve more
precise readings (with reduced error bars) or readings
that align better with the GAT, we found it crucial to
pay extra attention to the following factors: ensuring
that the tonometer probe was held perpendicular to
the cornea, taking the 6 measurements rapidly, and
minimizing any movements of both the operator and
the patients' eyes during the process.

LIMITATIONS OF STUDY

Our study had several limitations that should be
acknowledged. Firstly, the sample size of subjects in the low
and high IOP Groups was relatively small, which may have
limited the power of subGroup analysis. Secondly, we did
not assess corneal biomechanics parameters, which could
potentially influence IOP measurements. In future studies, it
would be beneficial to include a larger sample size with or
without astigmatism and to evaluate corneal biomechanics to
enhance the comprehensiveness of our research.
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