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Introduction

Background: Until now, no direct relationship has been established between the target
pressure and particular corneal thickness for measurements with different types of tonometers.
Purpose: To establish the dependence of target intraocular pressure (IOP) on corneal
thickness for Maklakoff applanation tonometry, Pascal dynamic contour tonometry (DCT)
and ICare rebound tonometry.

Material and Methods: Fifty-two patients (52 eyes; mean age, 71.2 £ 7.7 years) with
preoperative cataract underwent an eye examination. These included 13 eyes with cataract
associated with stabilized primary open-angle glaucoma (POAG), 20 eyes with cataract
associated with non-stabilized POAG, and 19 control eyes with cataract and no history
of or present glaucoma. Patients underwent a comprehensive eye examination, Maklakoff
applanation tonometry, Pascal dynamic contour tonometry (DCT) and ICare rebound
tonometry with 1C 200.

Results: Group 1 (corneal thickness, 460-489 um; mean corneal thickness, 479 + 7.2 um)
patients with stabilized glaucoma had the highest mean values for IOP obtained by any of
the three methods at which no glaucoma progression was observed during the most recent
6 months. In group 1 patients with stabilized glaucoma, mean IOP was 16.9 + 1.2 mmHg
for Pascal DCT, 16.2 + 1.4 mmHg for ICare tonometry, and 20 + 0.8 mmHg for Maklakoff
applanation tonometry. There was a significant difference (p < 0.05) in Maklakoff applanation
tonometry IOP, but not in Pascal DCT or ICare tonometry, between group 1 patients with
non-stabilized glaucoma (23.8 £ 2.0 mmHg) and those with no glaucoma (16.5 + 0.7 mmHg).
The highest IOP readings were observed in patients of group 5 (corneal thickness, 580-600
um; mean corneal thickness, 593 + 4.3 um) with non-stabilized glaucoma: mean IOP was
28.1 £ 15.0 mmHg for Pascal DCT, 33.2 + 21.1 mmHg for ICare tonometry, and 25.3 £ 7.5
mmHg for Maklakoff applanation tonometry.

Conclusion: Maklakoff tonometry measurements are more sensitive than Pascal DCT or
ICare rebound tonometry measurements in patients with thinner corneas. Sensitivity of the
tonometry methods under study decreased with increases in corneal thickness and IOP.
This should be taking in account while setting a target IOP for glaucoma patients. Among
the groups with different corneal thicknesses (groups 1 to 5), group 2 (corneal thickness,
490 — 519 um) had the highest percentage of patients with non-stabilized glaucoma (75%),
followed by group 1 (corneal thickness, 460 — 489 um; 45.4%).

Glaucoma is one of the most common causes of
blindness in the world and one of the most discussable
topics among ophthalmologists. The European Glaucoma
Society guidelines (2014) define target IOP as the upper
limit of the IOP estimated to be compatible with a rate of
progression sufficiently slow to maintain vision-related
quality of life in the expected lifetime of the patient.
According to the definition of the World Glaucoma
Association 7th Consensus Meeting on the Medical
Treatment of Glaucoma, the target IOP is the IOP range

at which the clinician judges that progressive disease is
unlikely to affect the patient’s quality of life [1]. The most
relevant recommendations for achieving the target IOP are
as follows:

oThe lower the pretreatment pressure, the lower the
target pressure must be to protect the eye from further
damage.
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eThe more advanced the damage, the lower the initial
target IOP.

eThe higher the rate of progression, the lower must be
the target IOP.

eThe target IOP for young patients should be lower
than for elderly patients.

Most ophthalmologists currently adhere to these
recommendations. Although these recommendations are
certainly relevant to current practice, their disadvantage is
that they do not specify particular values and ranges for
target IOP. Studies have demonstrated that the target [OP
increases with blood pressure [2]. More recent studies have
demonstrated that, in the presence of arterial hypotension in
patients with early glaucoma, the IOP should be reduced to
a low normal range of 9-14 mmHg [3,4,5]. The Advanced
Glaucoma Intervention Study (AGIS) found that eyes with
IOPs of <18 mmHg at all visits during the first 6 years
of follow-up were least likely to show worsening [6]. The
Russian National Guidelines for Glaucoma management
(2015) recommends a reduction in IOP by 20%, 30% or
40% from pre-treatment level [7]. Volkov [8] believes
that, in early glaucoma, the true IOP (P0) should be 18-21
mmHg, whereas in far-advanced glaucoma, the tonometric
IOP (Pt) should be 12-17 mmHg. This is close to the
values reported by Nesterov [9] for early glaucoma (a PO
of 19 mmHg) and far-advanced glaucoma (a Pt of 12-17
mmHg).

The corneal thickness is another factor significantly
influencing the target IOP. The true IOP recommended for
eyes with thin cornea (<520 pum) is approximately 15.0
mmHg, whereas for eyes with moderately thin cornea and
thick cornea, 17.0 mmHg and 22.0 mmHg, respectively
[10,11]. Imbalance between biomechanical characteristics
of the sclera and cornea may be a factor of primary open-
angle glaucoma (POAG) progression in patients with
normalized IOP, necessitating hypotensive therapy or
glaucoma surgery for stabilization of glaucoma process
[12].

No direct relationship has been established between
the target pressure and particular corneal thickness for
measurements with different types of tonometers. However,
itis known how the corneal thickness influences Goldmann
or Maklakoff IOP readings. Goldmann tonometry is the
gold standard to measure IOP, but Goldmann IOP readings
largely depend on corneal thickness. This is because at
the time of developing the Godmann tonometer, it was
believed that all human eyes were similar in volume and
corneal dimensions and mechanical parameters [13]. It has
been demonstrated that thinner corneas have higher true
IOP readings obtained by Godmann tonometry. Tables
have been developed for calculating true Goldmann IOP
adjusted by corneal thickness [14]. Maklakoff tonometry
readings depend on the corneal thickness, biomechanical
characteristics of the sclera and in some way on the force
applied by the examiner during measurements. Maklakoff
tonometry is currently the most common tonometry

technique in Ukraine, especially under polyclinical
environment, due to easiness of application and low cost.
The thicker the cornea, the higher the Maklakoff tonometry
readings. There was a statistically significant relationship
between the corneal thickness and IOP readings obtained
with a Maklakoff tonometer with a load of 5 g and that with
a load of 10 g, although the difference was less significant
for the latter [15].

Pascal dynamic contour tonometry (DCT) readings
are least dependent on corneal thickness. DCT employs
a contoured tip which features a concave surface to
conform the cornea to its inner curvature, prevents
corneal deformation and reduces the influence of corneal
thickness and rigidity on IOP measurement readings. The
so-called contour-matched tonometer tip has a concave
surface that allows the cornea to assume the shape that
it naturally assumes when pressure on both sides of the
cornea is equal and distortion of the cornea is minimal.
The mean difference in IOP readings between Goldmann
tonometer and DCT increased with increased central
corneal thickness [16,17,18]. Icare IC 200 is a tonometer
used in ICare® tonometry (ICT), a new method of IOP
measurement based on the principle of rebound tonometry.
The disposable probe bounces off the cornea and the
impedance that is detected is used to calculate the IOP.
As several studies found good correlation between ICT
and Goldmann applanation tonometry [19, 20], the ICare
rebound tonometer is increasingly used in Ukraine.

The purpose of this study was to establish the
dependence of target IOP on corneal thickness for
Maklakoff applanation tonometry, DCT and ICare rebound
tonometry.

Material and Methods

Fifty-two patients (52 eyes; age, 46 to 82 years;
mean age, 71.2 + 7.7 years; 30 (57.6%) males and 22
(42.3%) females) with preoperative cataract underwent
an eye examination. These included 13 eyes with cataract
associated with stabilized POAG, 20 eyes with cataract
associated with non-stabilized POAG, and 19 control
eyes with cataract and no history of or present glaucoma.
Patients with glaucoma had stage 1, 2 or 3 POAG.
Patients with other ocular disorders were excluded. Of
the total study patients, 38.4% had cataract associated
with stabilized POAG; 25%, cataract associated with non-
stabilized POAG; and 36.5%, cataract with no glaucoma.
Particularly, of the total study patients, 33 (64.4%) had
cataract associated with stabilized or non-stabilized
POAG.

Patients underwent a comprehensive eye examination,
which included visual acuity assessment with Sivtsev-
Golovin charts, autokeratometry and autorefractometry,
perimetry, slit-lamp examination, ophthalmoscopy,
pachymetry, keratotopography, optic A-scanning,
tonography, blood pressure measurements, Maklakoff
applanation tonometry, Pascal DCT and ICare rebound
tonometry with IC 200. As many foreign studies have
reported on a strong association between Goldmann
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tonometry values and the central corneal thickness
resulting in a large GAP IOP measurement error, GAP
was not used in this study. Assessment of morphometric
parameters by HFA II Central 30-2 Threshold Test and
SOCT Copernicust was used to monitor glaucoma
progression. Glaucoma was considered stabilized if there
was no glaucomatous optic neuropathy progression during
6 month of follow-up. Maklakoff applanation tonometry
was used to obtain tonometric IOP values, whereas Pascal
DCT and ICare rebound tonometry with IC 200 were used
to obtain true IOP values.

The methods recommended for medical studies were
used for statistical analysis. The data obtained were coded
using a numerical, ordinal or nominal scale, and put into
the developed form. Statistica 6.0 and Microsoft Excel
software were used for database formation, statistical and
graphical data analysis. Means and standard error of means
were calculated for numerical data. Student t-test was used
to assess differences in normally distributed variables.
Statistical significance was set as P < 0.05.

The study adhered to the tenets of the Declaration of
Helsinki.

Results

Study eyes were divided into 5 groups based on
corneal thickness (with each group including both eyes
with cataract associated with stabilized or non-stabilized
glaucoma and eyes with cataract only): group 1, 460 to
489 um; group 2, 490 to 519 pm; group 3, 520 to 549 um;
group 4, 550 to 579 um; group 5, 580 to 600 pm.

Group 1 included 11 eyes (mean corneal thickness,
479.1£7.2 um). Among patients of this group, true IOP
varied from 13.8 to 39.0 mmHg for Pascal DCT, from
10.2 to 38.1 mmHg for ICare rebound tonometry and from
16 to 26 mmHg for Maklakoff applanation tonometry. Of
the patients of this group, 2 (18.1%) had no glaucoma,
5 (454 %) had non-stabilized glaucoma, and 4 (36.3
%) had stabilized glaucoma. In group 1 patients with
stabilized glaucoma, mean IOP was 16.9 + 1.2 mmHg for
Pascal DCT, 16.2 = 1.4 mmHg for ICare tonometry, and
20 £ 0.8 mmHg for Maklakoff applanation tonometry.
In group 1 patients with non-stabilized glaucoma, mean
IOP was 25.2 = 6.6 mmHg for Pascal DCT, 26.0 = 7.5
mmHg for ICare tonometry, and 23.8 + 2.0 mmHg for
Maklakoff applanation tonometry. In group 1 patients with
no glaucoma, mean IOP was 15.5 + 2.4 mmHg for Pascal
DCT, 11.7 £ 2.1 mmHg for ICare tonometry, and 16.5 £
0.7 mmHg for Maklakoff applanation tonometry.

Group 2 included 8 eyes (mean corneal thickness,
509.1+7.1 pm). Among patients of this group, true IOP
varied from 14.0 to 29.7 mmHg for Pascal DCT, from
12.0 to 28.3 mmHg for ICare rebound tonometry and from
14 to 23 mmHg for Maklakoff applanation tonometry. Of
the patients of this group, 1 (12.5%) had no glaucoma, 6
(75 %) had non-stabilized glaucoma, and 1 (12.5 %) had
stabilized glaucoma. In group 2 patients with stabilized
glaucoma, mean IOP was 14.0 mmHg for Pascal DCT,
12.0 mmHg for ICare tonometry, and 14.0 mmHg for

Maklakoff applanation tonometry. In group 2 patients with
non-stabilized glaucoma, mean IOP was 24.8 + 4.2 mmHg
for Pascal DCT, 24.8 + 3.6 mmHg for ICare tonometry, and
21.5 + 1.2 mmHg for Maklakoff applanation tonometry. In
group 2 patients with no glaucoma, mean IOP was 14.6
mmHg for Pascal DCT, 13.2 mmHg for ICare tonometry,
and 15.0 mmHg for Maklakoff applanation tonometry.

Group 3 included 16 eyes (mean corneal thickness,
535.8 £ 9.5 um). Among patients of this group, true IOP
varied from 12.9 to 36.0 mmHg for Pascal DCT and from
9.1 to 52.1 mmHg for ICare rebound tonometry, and
tonometric IOP varied from 16 to 38 mmHg for Maklakoff
applanation tonometry. Of the patients of this group, 7
(43.7%) had no glaucoma, 5 (31.2 %) had non-stabilized
glaucoma, and 4 (25 %) had stabilized glaucoma. In
group 3 patients with stabilized glaucoma, mean IOP was
16.3 = 1.6 mmHg for Pascal DCT, 13.4 £ 2.7 mmHg for
ICare tonometry, and 19.0 £ 1.6 mmHg for Maklakoff
applanation tonometry. In group 3 patients with non-
stabilized glaucoma, mean IOP was 26.2 = 7.8 mmHg for
Pascal DCT, 30.2 = 13.9 mmHg for ICare tonometry, and
26.4 + 7.8 mmHg for Maklakoff applanation tonometry.
In group 3 patients with no glaucoma, mean IOP was
15.1 + 2.0 mmHg for Pascal DCT, 14.5 + 3.2 mmHg for
ICare tonometry, and 18.2 + 1.8 mmHg for Maklakoff
applanation tonometry.

Group 4 included 10 eyes (mean corneal thickness, 560
+ 6.5 um). Among patients of this group, true IOP varied
from 10.2 to 20.1 mmHg for Pascal DCT and from 9.8 to
16.5 mmHg for ICare rebound tonometry, and tonometric
IOP varied from 14.0 to 23.0 mmHg for Maklakoff
applanation tonometry. Of the patients of this group,
7 (70%) had no glaucoma, 1 (10 %) had non-stabilized
glaucoma, and 4 (20 %) had stabilized glaucoma. In
group 4 patients with stabilized glaucoma, mean IOP was
15.5 £ 0.7 mmHg for Pascal DCT, 15.4 £ 1.3 mmHg for
ICare tonometry, and 17.0 £+ 1.4 mmHg for Maklakoff
applanation tonometry. In group 4 patients with non-
stabilized glaucoma, mean IOP was 20.1 mmHg for Pascal
DCT, 16.5 mmHg for ICare tonometry, and 23.0 mmHg
for Maklakoff applanation tonometry. In group 4 patients
with no glaucoma, mean IOP was 13.7 = 2.1 mmHg for
Pascal DCT, 11.6 + 1.7 mmHg for ICare tonometry, and
17.2 £ 3.0 mmHg for Maklakoff applanation tonometry.

Group 5 included 7 eyes (mean corneal thickness, 593 +
4.3 um). Among patients of this group, true IOP varied from
13.1 to 45.3 mmHg for Pascal DCT and from 5.7 to 57.5
mmHg for ICare rebound tonometry, and tonometric [OP
varied from 15.0 to 34.0 mmHg for Maklakoff applanation
tonometry. Of the patients of this group, 2 (28.5%) had no
glaucoma, 3 (42.8 %) had non-stabilized glaucoma, and 2
(28.5 %) had stabilized glaucoma. In group 5 patients with
stabilized glaucoma, mean IOP was 14.6 = 1.0 mmHg for
Pascal DCT, 16.1 £ 1.4 mmHg for ICare tonometry, and
16.0 = 1.4 mmHg for Maklakoff applanation tonometry.
In group 5 patients with non-stabilized glaucoma, mean
IOP was 28.1 = 15.0 mmHg for Pascal DCT, 33.2 + 21.1
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mmHg for ICare tonometry, and 25.3 + 7.5 mmHg for
Maklakoff applanation tonometry. In group 5 patients with
no glaucoma, mean IOP was 13.7 £ 0.9 mmHg for Pascal
DCT, 11.2 £ 7.7 mmHg for ICare tonometry, and 17.0 £
1.4 mmHg for Maklakoff applanation tonometry.

Discussion

Determining a target IOP and establishing and using a
link between the target IOP and an objective characteristic
like the corneal thickness, corneoscleral rigidity or axial
length is a major task in glaucoma management. In the
current study, we determined mean values for IOP readings
obtained by different tonometers at different central
corneal thicknesses. Group 1 (corneal thickness, 460-
489 um; mean corneal thickness, 479 + 7.2 pm) patients
with stabilized glaucoma had the highest mean values
for IOP obtained by any of the three methods at which
no glaucoma progression was observed during the most
recent 6 months. In these patients, mean IOP was 16.9 +
1.2 mmHg for Pascal DCT, 16.2 + 1.4 mmHg for ICare
tonometry, and 20 + 0.8 mmHg for Maklakoff applanation
tonometry. That is, for patients with the thinnest cornea
(corneal thickness, 460-489 pm), these Pascal DCT, ICare
tonometry, Maklakoff applanation tonometry IOP readings
may be considered target IOP values.

There was a significant difference (p < 0.05) in
Maklakoft applanation tonometry IOP, but not in Pascal
DCT or ICare tonometry, between group 1 patients with
non-stabilized glaucoma (23.8 + 2.0 mmHg) and those with
no glaucoma (16.5 + 0.7 mmHg). In addition, there was no
significant difference (p > 0.05) in Maklakoff applanation
tonometry IOP, Pascal DCT or ICare tonometry between
patients of other groups with glaucoma and those with no
glaucoma. This may indicate that Maklakoff tonometry
measurements are more sensitive than Pascal DCT or
ICare tonometry measurements in patients with thinner
corneas. This is likely due to the fact that tonometers
measuring true IOP may overestimate IOP if IOP > 20
mmHg. The results obtained are understandable given
that, in group 1 patients with non-stabilized glaucoma,
mean IOP was 25.2 =+ 6.6 mmHg for Pascal DCT, 26.0
+ 7.5 mmHg for ICare tonometry, and 23.8 + 2.0 mmHg
for Maklakoff applanation tonometry. The manufacturer
of Icare IC 200 estimates the measurement error to be no
more than 1.2 mmHg for IOP < 20 mmHg and no more
than 2.2 mmHg for IOP > 20 mmHg. This is in agreement
with findings of a study by Volkova and colleagues [21],
who reported a significant magnitude of difference in IOP
measurements in the high normal IOP range for Icare
tonometry, and more accurate IOP measurements in this
range for Maklakoff applanation tonometry. In the current
study, the highest IOP readings were observed in patients
of group 5 (corneal thickness, 580—600 pm; mean corneal
thickness, 593 + 4.3 pm) with non-stabilized glaucoma:
mean [IOP was 28.1 + 15.0 mmHg for Pascal DCT, 33.2 +
21.1 mmHg for ICare tonometry, and 25.3 + 7.5 mmHg for
Maklakoft applanation tonometry. However, the greatest
standard deviations of IOP measurements were also noted

in patients of this group. These findings confirm those
of others that eyes with thicker corneas have higher IOP
readings [22]. However, given that the highest [OP readings
and the greatest standard deviations of IOP measurements
were noted in non-stabilized glaucoma patients from the
group with the thickest corneas, the sensitivity of true IOP
measurements (for Pascal DCT, and ICare tonometry) and
tonometric IOP measurements (for Maklakoff applanation
tonometry) decreases with increases in IOP and corneal
thickness. This should be taking in account while setting a
target IOP for glaucoma patients.

Among the groups with different corneal thicknesses
(groups 1 to 5), group 2 (corneal thickness, 490 — 519 um)
had the highest percentage of patients with non-stabilized
glaucoma (75%), followed by group 1 (corneal thickness,
460 — 489 pm; 45.4%) (Figuree 1). This is in agreement
with findings of others that thin cornea is a risk factor for
glaucoma progression, because IOP is underestimated
in eyes with thinner corneas, leading to overdiagnosis
of glaucoma [22, 23]. Therefore, the corneal thickness
influences IOP measurements, and sensitivity of the
tonometry methods under study decreased with increases
in corneal thickness and IOP. Maklakoff applanation
tonometry had the highest accuracy compared to Pascal
DCT and ICare tonometry, but only for patients with thin
cornea (460 — 486 pm). Thin cornea is a risk factor for
glaucoma progression, and IOP is underestimated in eyes
with thinner corneas, leading to overdiagnosis of glaucoma.
These should be taken in account while selecting a target
IOP for glaucoma patients.
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Figure 1. Percentages of patients with stabilized glaucoma, non-stabilized glaucoma and no glaucoma among the groups
with different corneal thicknesses
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