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Introduction: Glaucoma is a group of optic neuropathies characterized
by progressive degeneration of retinal ganglion cells where intraocular
pressure (IOP) is the cardinal modifiable risk factor. This study is done
to compare intraocular pressure (IOP) measurements obtained by ICare
tonometer and Goldmann applanation tonometer (GAT) in glaucoma
suspects and to investigate the influence of central corneal thickness (CCT)
on IOP measurements.

Methods: 220 eyes of 110 patients diagnosed with glaucoma suspect
attending glaucoma clinic of Shree Birendra Hospital underwent ultrasonic
CCT followed by IOP measurement by ICare and GAT. The results were
calculated and compared and the effect of CCT was co-related by linear
regression analysis. Intraclass correlation analysis were performed to see
the agreement between IOP measurement by ICare and GAT. Statistical test
was done using SPSS V. 20.0 software.

Results: The mean IOP with ICare and GAT were 16.25 and 16.04 mmHg
respectively which was not statistically significant (p=0.06). The mean CCT
was 547.49um. The average |OP increased by 0.35 and 0.36mmHg for
every 10-unit increase in CCT by ICare and GAT respectively. Intraclass

correlation coefficient(ICC) between two modalities of IOP measurement
was 0.89(95% Cl=0.86-0.92), p<0.001 which was statistically significant.

Conclusion: IOP readings with 1Care and GAT were comparable. 10P
measurement was affected by CCT thus pachymetry should be taken into
consideration.

Keywords: intraocular pressure, ICare tonometer, Goldmann applanation
tonometer, central corneal thickness.

Introduction

Glaucoma is a group of optic neuropathies characterized by progressive
degeneration of retinal ganglion cells' where intraocular pressure (IOP)
is the cardinal modifiable risk factor, and the disease usually stops
progressing if the IOP is lowered by 30% to 50%.2 It is the second leading
cause of irreversible blindness after cataract.® Globally the prevalence of
glaucoma is 3.54% in a population of 40-50 years.* It is estimated that
there will be 79.6 million people globally with glaucoma in 2020° and
111.8 million in 2040.% The reduction of intraocular pressure delays and
halts the progression of glaucoma.é

JKISTMC | VOL 06 | ISSUE 12 | NO 1 | JAN-JUN 2024




Thapa K et al. Jan-Jun 2024;12(1):12-16

Accurate measurement of IOP is essential in diagnosis and
management of glaucoma patients. Goldman applanation
tonometry (GAT) is a routine procedure performed in
glaucoma clinic. Since it is convenient and gives more
accurate measurement, it is considered the gold standard
7 for IOP measurement and is based on Imbert —Fick law?®.
Measurement by GAT is dependent on factors like corneal
thickness; corneal curvature, structure and axial length.?
The influence of Central Corneal thickness (CCT), need
of local anesthetic drops and the slit lamp are the major
disadvantages of the GAT.

Rebound Tonometer is a portable tonometer which uses a
moving probe which is propelled towards the cornea. The
speed at which the probe bounces back to the tonometer
varies according to the ocular pressure and is used for the
calculation of IOR'® [Care Tonometry has an advantage
over GAT as it is handy, quick, easy to perform and doesn’t
use local anesthetic drops. IOP can be taken in patients with
comfortable sitting posture where the rapid measurement
of IOP is possible in uncooperative patients especially in
pediatric population.

Proper CCT measurement helps in precise |OP
interpretation by GAT. CCT measurement of 520um is
considered as a reference value in calibration of GAT'! that
causes an overestimation of IOP in thicker corneas and
underestimation of IOP in thin corneas.'?

Methods

A cross-sectional study was done taking 220 eyes of 110
glaucoma suspect (64 males and 46 females) in glaucoma
clinic of Shree Birendra Hospital from August 2023-January
2024. Ethical approval was obtained from Institutional
review committee (IRC) of Nepalese Army Institute of Health
science (NAIHS). Written, informed consent was taken from
all subjects before the procedures.

Paediatric patient <19 years, patients on antiglaucoma
medication, ocular infection, corneal abnormalities or
scarring and patient with history of refractive surgery were
excluded. Allincluded patients underwent an ophthalmologic
examination including visual acuity, slitamp examination,
gonioscopy and posterior segment examination. Fundus
examination was done after full dilatation of the pupil using
1% tropicamide using 90 D lens. The CCT was measured
with central ultrasonic pachymetry (Nidek, US 4000-
ecoscan). The pachymeter probe was placed on the center
of the cornea and the mean of 3 readings was calculated
for each eye.

The lcare ® HOME, Finland software (lcare, model -TAO2,
model -1Tecmx8cmx3cm, weight -150g, measurement
range up to 40mmHg) was preprogrammed for six
measurements. An average of the best four readings,
discarding the highest and lowest, was displayed as the
final (6th) IOP An unacceptable reading where the SD of
the measurements is greater than normal was displayed
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with an error sign. All measurements with error was
discarded. Measurements were performed according to the
manufacturer’s guidelines. All patients were examined in
sitting position and patient was asked to look straight ahead
to a distant point. To take IOP measurements, the device
was positioned near the patient’s eye with the forehead
being used as a base support, and the tip of the probe was
maintained at a distance of approximately 4 to 8 mm from
the cornea. All measurements of GAT and ICare was taken
by the single experienced ophthalmologist. A minimum
gap of 20mins was kept between the two procedures after
CCT measurement.

GAT (Haag Streit) was performed after ICare tonometry
on a slit lamp 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 guidelines. |IOP was measured after instillation of
a drop of preservative-free lignocaine (4%) and fluorescein
sodium (0.25%) solution.

Data entry, cleaning, coding etc were done in Microsoft
EXCEL. Statistical analysis was done with SPSS software
for windows version 20.0. Mean standard, minimum
maximum values were calculated as descriptive statistics.
Difference of IOP by both measured were analyzed using
Wilcoxon signed rank test since the difference was not
normally distributed. Simple linear regression analysis was
performed to quantify the Intra Ocular pressure (both ICare
and GAT) from CCT. Bland Altman plot was prepared to
see any systematic difference in IOP taken by both ICare
and GAT. Similarly, Intraclass correlation coefficient (ICC)
was used to assess the correlation between ICare and GAT.
A p value < 0.05 was considered statistically significant.

Results

Total of 220 eyes of 110 patients, (64 males and 46
females) were included, with a mean age of 41.74 years
(range 18-80) and SD of 16.95. The minimum age was
19 and maximum age was 80 years. Most of the patient
(23.64%) was of age between 21 -30 years.9

The mean CCT was 547.49um and the mean IOP by
[Care and GAT was 16.25(3.56) and 16.04 (3.21) mmHg
respectively. Mean (SD) difference in IOP between ICare
and GAT method was 0.21 (1.6) which was not statistically
significant, p=0.06.

ICC between IOP (ICare) IOP (GAT) was 0.89 (95% CI =
0.86-0.92), p<0.001 which shows very strong agreement
(89% agreement) between IOP (I care) with IOP (GAT),
which is statistically significant p<0.001. Scatter plot
comparing the GAT and the ICare tonometry readings also
showed very strong correlation (r=0.9, p<0.001) between
the 2 methods (fig 1). The average |IOP increased by 0.35
and 0.36 mmHg for every 10-unit increase in CCT by ICare
and GAT respectively (table 2).
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Table 1: Baseline descriptive, mean |OP and CCT of the
study population

" Variables | Mean (5D] | Range (Minfo M)

ccT 547.49 (34.75) (462 to 645)
IOP (Icare) 16.25 (3.56) (10 to 30)
IOP(GAT) 16.04 (3.21) (8 to 30)

Note: Diff (Icare-GAT) had mean (SD) 0.21 (1.60), p=0.06
Table 2: Estimation of IOP with per 10-unit change in CCT

using simple linear regression

Coefficient (95% , | Correlation

fel? Cl) + constant (r) p value
0.35(0.23 - 0.45)
Icare 4 331 0.13 0.36 <0.001
0.36 (0.23 - 0.5)
GAT + 3.23 0.11 0.34 <0.001
Upper Limit, 3.3 o )
_';_ 2.004 o <] o a o o o o
g' o o o0o o
‘g 00 [} -] -] o (] ] o
E 2,00 o o o o o o
[=]
5.00 10.00 sz::ge IDP 2000 2500 3000

Figure1: Bland Altman plot

ICC= 0.89 (95% Cl= 0.86-0.92, p<0.001

Discussion

Precise IOP measurement plays an important role in
glaucoma management. The requirement of slit lamp, use
of topical anesthesia and fluorescein staining along with
the risk of cross infection and epithelial erosions due to
direct contact with the prism are the major problems of GAT
that led to the emergence of newer, precise, practical and
convenient methods of IOP measurement.

ICare tonometer is a small hand-held device that uses
disposable probes of diameter 0.9mm. It can be used easily
at home and has become a blessing to the patients because
of its simplicity, accuracy, reliability and portability. It is easy
to learn, time saving device where self- measurement of IOP
is possible. [Care is also popular in pediatric population and
is well tolerated as it avoids the risk of multiple examination
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under general anesthesia.

[Care versus GAT

Several studies have been conducted to compare the
accuracy of ICare and GAT. A study'® evaluated clinical
usefulness of ICare PRO with GAT and found IOP ICare
PRO overestimated |OP than GAT reading. The study found
a good correlation between the IOP measurement by GAT
and that by lcare PRO.

Comparison of 60 normal subjects with |ICare and
GAT showed ICare RT overestimated the GAT |OP
measurements'* which was similar to study done in 100
patients.'® Study by Salim et al.'® showed a mean difference
of IOP measurements by RBT and GAT of 2.45 mm Hg. Other
studies'”'® also demonstrated the overestimation of IOP by
RT than GAT. Another study reported rebound tonometer
(RBT) measurement was on average 0.21=1.7mmHg
higher than GAT. ' Our study also showed similar result
where mean difference in IOP by ICare and GAT was
0.21+1.6 mmHg. A good correlation was found in a study
between ICare and GAT even at extremes of IOPR?° Brusini et
al.?! studied 178 open angle glaucoma patients and found
good agreement between GAT and ICare. The mean IOP
and the mean corrected |OP with GAT were 19.4+5.4mm
Hg, and 18.5 =5.7mm Hg, respectively. The mean ICare
IOP reading was 18.4 =5.2mm Hg. In our study, the mean
IOP by ICare and GAT was 16.25 and 16.04 mmHg
respectively

CCT Versus ICare and GAT

IOP measurement is influenced by CCT, biomechanical
properties of cornea, racial variation .22 There is no
normogram to compensate GAT for the corneal thickness'223
and most tonometers are affected by CCT. 24

Some studies reported positive correlation between IOP
measured with GAT and CCT 2526 and some found positive
correlation between RT measurements and CCT. '>2! In our
study we found readings with ICare and GAT increased with
0.35 and 0.36 mmHg for every 10-unit increase in CCT
respectively. Brusini et al. 2' found an increase of 0.7mmHg
of lcare pro for every 10um change in CCT whereas
another study?” demonstrated 0.097 mmHg deviation for
every 10um change in CCT.

Likewise, another study showed deviation in mean IOP
measurement by 0.27mmHg with NCT and 0.19mmHg
with GAT for every 10um change in CCT. 2 ICare
overestimated GAT reading by TmmHg for every 100-
um increment in CCT. 2° Study by Martinez et al '® showed
similar result of ICare and GAT with effect on CCT. Similar
positive correlation was seen by Guler et al 2?and Kato et
al®® which were comparable to different other studies ¢
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Conclusion

ICare showed good correlation in IOP reading with that
obtained by GAT. It offers comfort and becomes more
practical especially in children and in cases with difficulty
head positioning in slit lamp. It is a well-tolerated, safe,
highly reproducible useful device which yields faster
and reliable results in glaucoma screening, inpatient
examination and emergency setting and can be taken as
an effective alternative to GAT for clinical purpose.

References

1. Robert N. Weinreb, Tin Aung, Felipe A. Medeiros.
The Pathophysiology and Treatment of Glaucoma. A
Review. JAMA. 2014; 311(18):1901-1911.

DOI: 10.1001/jama.2014.3192
PMID: 24825645 PMCID: PMC4523637

2. Jacky W. Y. Lee, Poemen P Chan, Xiujuan Zhang, et al.
Latest developments  in Normal Pressure Glaucoma:
Diagnosis, epidemiology, genetics, etiology, causes and
mechanisms to management. Asia Pac J Ophthalmol.
2019 Nov-Dec; 8(6):457-468.

DOI: 10.1097/01.APO.0000605096.48529.9¢
PMID: 31789648 PMCID: PMC6903364

3. Hyun Kyun Cho, Changwon Kee. Population based
glaucoma prevalence studies in Asians.Survophthal.
2014;59(4):434-47.

DOI: 10.1016/j.survophthal.2013.09.003
PMID: 24837853

4. Tham Y-CC, Li X, Wang TY, Quigley, et al. Global
prevalence of Glaucoma and projections of Glaucoma
Burden through 2040: A Systematic Review and Meta-
Analysis. Ophthalmology. 2014; 121: 2081-2090.
DOI: 10.1016/j.0phtha.2014.05.013
PMID: 24974815

5. Quigley HA, Broman AT. The number of people
with glaucoma worldwide in 2010 and 2020. Br J
Ophthalmol. 2006;90(3):262 -267.

DOI: 10.1136/bjo.2005.081224
PMID: 16488940 PMCID: PMC1856963

6. Kass MA, Heuer DK, Higginbotham E, et al. The Ocular
Hypertension Treatment Study: a randomized ftrial
determines that topical ocular hypotensive medication
delays or prevents the onset of primary open-angle
glaucoma. Arch Ophthalmol. 2002;120: 701-713.
DOI: 10.1001/archopht.120.6.701
PMID:12049574

7. Wessels IF, Oh Y. Tonometer utilization, accuracy and
calibration under field conditions. Arch Ophthalmol.
1990;1 08:1709-1712.

DOI: 10.1001/archopht.1990.01070140063030

10.

11.

12.

13.

14.

15.

i)
O
€
<
©
o=
(@]
st
@)

PMID:2256841

Gloster J, Perkins ES. The validity of the Imbert-Flick
law as applied to applanation tonometry. Exp Eye Res
1963; 44:274-83.

DOI: 10.1016/50014-4835(63)80048-2

PMID: 14054299

Whitacre MM, Stein R. Sources of error with use of
Goldmann-type tonometers. Surv Ophthalmol. 1993;
38:1-30.

DOI: 10.1016/0039-6257(93)90053-A

PMID: 8235993

Kontiola Al. A new electromechanical method for
measuring infraocular pressure. Doc Ophthalmol.
1997, 93:265-276.

DOI: 10.1007/BF02569066

PMID: 9550354

Goldmann H, Schmidt T. UAN ber Applanations
tonometrie. Ophthalmologica. 1957; 134:221-242.
DOI:10.1159/000303213

PMID:13484216

Doughty MJ, Zaman ML. Human corneal thickness and
its impact on intraocular pressure measures: a review
and meta-analysis approach. Surv Ophthalmol. 2000;
44:367-408.

DOI: 10.1016/50039-6257(00)00110-7

PMID: 10734239

Kim KN, Jeoung JW, Park KH, Yang MK, Kim DM.
Comparison of the new rebound tonometer with
Goldmann applanation tonometer in a clinical setting.
Acta Ophthalmol 2013;91: €392-6.

DOI: 10.1111/a0s.12109

Halkiadakis |, Stratos A, Stergiopoulos G, et al.
Evaluation of ICare -ONE rebound tonometer as a
self-measuring intra ocular pressure device in normal
subjects. Graefes Arch Clin Exp Ophthalmol. 2012;
250:1207-1211.

DOI: 10.1007/s00417-011-1875-6

PMID: 22297535

Poostchi A, Mitchell R, Nicholas S, et al. The iCare
rebound tonometer: comparisons with Goldmann
tonometry, and influence of central corneal thickness.
Clin Experiment Ophthalmol. 2009; 37:687-691.
DOI: 10.1111/}.1442-9071.2009.02109.x
PMID:19788665

JKISTMC | VOL 06 | ISSUE 12 | NO 1 | JAN-JUN 2024




16.

17.

18.

19.

20.

21.

22.

23.

i)
O
€
<
©
o=
(@]
st
@)

Salim S, Du H, Wan J. Comparison of intraocular
pressure  measurements and  assessment  of
infraobserver and interobserver reproducibility with
the portable ICare rebound tonometer and Goldmann
applanation tonometer in glaucoma patients. J
Glaucoma 2013; 22:325-9.

DOI: 10.1097/1JG.0b013e318237caa2

PMID: 23542696

Fernandes P D.az-Rey JA, Queir.s A, Gonzalez-Meijome
JM, Jorge J. Comparison ofthe ICare rebound tonometer
with the Goldmann tonometer in a normal population.
Ophthalmic Physiol Opt 2005; 25:436-40.

DOI: 10.1111/j.1475-1313.2005.00327 .x

PMID: 16101950

Martinez-de-la-Casa JM, Garcia-Feijoo J, Vico E,
Fernandez- Vidal A, Benitez del Castillo JM, Wasfi M,
et al. Effect of corneal thickness on dynamic contour,
rebound, and goldmann tonometry. Ophthalmology
2006; 113:2156-62.

DOI: 10.1016/j.0phtha.2006.06.01

PMID: 16996599

Pasaoglu I, Altan C, Olcucu O, Alagoz N, Satana
B, Basarir B, Onmez F, Taskapili M. Comparison of
Goldmann Applanation Tonometry and Icare Rebound
Tonometry in Eyes of Varied Corneal Thickness.Beyoglu
Eye) 2017;1:9-12.

DOI: 10.14744/bej.2017.32932

Pakrou N, Gray T, Mills R, Landers J, Craig J. Clinical
comparison of the lcare tonometer and Goldmann
applanation tonometry. J Glaucoma 2008; 17:43-7.
DOI: 10.1097/1JG.0b013e318133fb32

PMID: 18303384

Brusini P Salvetat ML, Zeppieri M, Tosoni C, Parisi
L. Comparison of ICare tonometer with Goldmann
applanation tonometer in glaucoma patients. J
Glaucoma 2006; 15:213-7.

DOI: 10.1097/01.ijg.0000212208.87523.66

PMID: 16778643

Shimmyo M, Ross AJ, Moy A, Mostafavi R. Intraocular
pressure, Goldmann applanation tension, corneal
thickness, and corneal curvature in Caucasians, Asians,
Hispanics, and African Americans. Am J Ophthalmol.
2003;136(4): 603-13.

DOI: 10.1016/50002-9394(03)00424-0
PMID:14516799

Orssengo GJ, Pye DC. Determination of the true
infraocular pressure and modulus of elasticity of the
human cornea in vivo. Bull Math Biol 1999; 61: 551-
72.

DOI: 10.1006/bulm.1999.0102

PMID: 17883231

24.

25.

26.

27.

28.

29.

30.

Thapa K et al. Jan-Jun 2024;12(1):12-16

Chihara E. Assessment of true intraocular pressure:
the gap between theory and practical data. Surv
Ophthalmol. 2008;53(3):203-18.

DOI: 10.1016/j.survophthal.2008.02.005
PMID:18501267

Molina N, Milla E, Bitrian E, et al. Comparison of
Goldmann tonometry, pneumotonometry and the effect
of the central corneal thickness. Arch Soc Esp Oftalmol.
2010; 85:325-328.

DOI: 10.1016/j.0ftal.2010.09.003

PMID: 21168056

Babalola OE, Kehinde AV, lloegbunam AC, et al. A
comparison of the Goldmann applanation and non-
contact (Keeler Pulsair EasyEye) tonometers and the
effect of central corneal thickness in indigenous African
eyes. Ophthalmic Physiol Opt. 2009; 29:182-188.
DOI: 10.1111/j.1475-1313.2008.00621 .x

PMID: 19236588

Tamcelik N, Atalay E, Cicik E, Ozkok A. Comparability
of lcare pro rebound tonometer with Goldmann
Applanation and noncontact tonometer in a wide
range of intraocular pressure and central corneal
thickness. Ophthalmic Res. 2015;54(1):18-25.

DOI: 10.1159/000381781

PMID: 26022193

Mansoori T, Balakrishna N. Effect of central corneal
thickness on intraocular pressure and comparison
of Topcon CT-80 non-contact tonometry with
Goldmann applanation tonometry. Clin Exp Optom.
2018;101(2):206-12.

DOI: 10.1111/cx0.12620

PMID: 29044716

Guler M, Bilak S, Bilgin B, Simsek S, Capkin M,
Rayhan A. H. Comparision of intraocular pressure
measurements obtained by Icare PRO rebound
tonometer, Tomey FT-1000 noncontact tonometer, and
goldmann applanation tonometer in healthy subjects. J
Glaucoma. 2015; 24:613-618.

DOI: 10.1097/1JG.0000000000000132

PMID: 25264986

Kato Y, Nakakura S, Matsuo N, Yoshitomi K, Handa
M, Tabuchi H, Kiuchi Y. Agreement among Goldmann
applanation tonometer, iCare, and ICare PRO rebound
tonometers; noncontact tonometer; and Tonopen XL in
healthy elderly subjects. International Ophthalmology.
2018 Aprl;38(2):687-96.

DOI: 10.1007/s10792-017-0518-2

PMID: 28393323

JKISTMC | VOL 06 | ISSUE 12 | NO 1 | JAN-JUN 2024




