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Abstract

Aims To compare the IOP measurements

obtained with dynamic contour tonometry

(DCT) and Goldmann applanation tonometry

(GAT), and to analyse the influence of central

corneal thickness (CCT) and age on both

measurements, and the influence of the

quality score on DCT readings.

Methods A total of 500 healthy subjects with

no prior history of glaucoma or ocular

hypertension (age: 7–86 years) were

consecutively recruited. GAT, DCT, and CCT

measurements were obtained from both eyes

of each individual, in this order, by three

observers. The mean of five CCT

measurements was used for analysis. DCT

measurements were accepted when quality

scores varied between 1 (higher quality) and 3

(lower quality).

Results Mean DCT measurements were

3.2mmHg higher than GAT readings. CCT

values varied between 449 and 653 lm. IOP

measured by GAT correlated strongly with

CCT (r2¼ 0.28, P¼o0.001), whereas DCT

readings correlated poorly with CCT (r2¼ 0.01,

P¼ 0.017). Both DCT (r2¼o0.01, P¼ 0.044)

and GAT (r2¼ 0.01, P¼o0.001) measurements

correlated poorly with age. Bland–Altmann

analysis revealed disagreement between DCT

and GAT readings, with 95% confidence

intervals of ±6.7mmHg. Quality scores for

DCT measurements were 1 (n¼ 369, 36.9%),

2 (n¼ 340, 34.0%), and 3 (n¼ 291, 29.1%). DCT

readings with quality score of 3

(18.8±3.4mmHg) were significantly higher

than those with quality scores of 1

(16.7±2.9mmHg) and 2 (17.4±2.9mmHg;

P¼o0.001).

Conclusions DCT is not influenced by CCT,

unlike GAT. Both DCT and GAT

measurements are not influenced by age. DCT

measurements with lower quality scores are

associated with higher readings.
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Introduction

Intraocular pressure (IOP) is a key component

to the diagnosis and treatment of glaucoma,

and Goldmann applanation tonometry (GAT;

model R900, Haag-Streit, Koeniz, Switzerland)

remains the gold standard for this

measurement. There are, however, known

sources of error that influence the

measurements obtained with this method,

including corneal thickness and curvature.1–3

IOP measured with GAT may be overestimated

in ocular hypertensive individuals because

of commonly observed thicker CCT,4–6

whereas normal tension glaucoma is reported to

be associated with CCTs in the low 500-mm

range.7

Applanation tonometry is based on the

Imbert–Fick Law, which states that, in a thin,

dry and perfectly elastic sphere, the force

applied to flatten the sphere has the same

intensity of the force promoted by internal

pressure. However, the human cornea is neither

uniformly elastic, nor thin, nor dry.8,9

In 2005, dynamic contour tonometry (DCT)

was developed as a method of tonometry that is

theoretically affected neither by CCT nor by

corneal curvature.10–13 DCT is based on a

different physical principle: when the contours

of the corneal surface and the tonometer match,

the pressure measured at the surface of the eye

is supposed to equal the pressure inside the
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eye.14 DCT provides a score (Q) representing the quality

of the IOP measurement, that ranges from 1 (optimum)

to 5 (unacceptable).3,15 In studies performed on human

cadaver eyes, IOP values obtained by DCT were

significantly closer to the manometric reference pressure

than those obtained using GAT.11 Furthermore, IOP

values determined by GAT before and after laser in situ

keratomileusis (Lasik) were significantly different,

whereas pre- and postoperative DCT values were found

to be nearly the same.13

The purpose of this study was to compare the IOP

measurements obtained with DCT and GAT, and to

analyse the influence of CCT and age on both

measurements, and the influence of the quality score on

DCT readings.

Materials and methods

This prospective cross-sectional study included 500

consecutive healthy subjects, recruited among relatives of

patients at the Department of Ophthalmology of the State

University of Campinas and the Provincial Public

Hospital of São Paulo, Brazil. This study followed the

tenets of the Declaration of Helsinki and was approved

by the Institutional Review Board of the University of

Campinas. Written informed consent was obtained from

all participants.

Inclusion criteria were patients with open angles at

gonioscopy, best-corrected visual acuity of 20/40 or

better OU, no history of increased IOPs, and normal optic

discs, as evaluated by a clinical expert. Optic discs were

considered normal in the absence of the following

findings: oedema, pallor, C/D ratio40.5, localized rim

loss, disc haemorrhage, or C/D ratio asymmetry40.2.

Exclusion criteria were previous intraocular surgery,

refractive surgery, conjunctival or intraocular

inflammation, corneal abnormalities (such as oedema or

scars), glaucoma, family history of glaucoma, and history

of ocular trauma.

All subjects underwent an ophthalmological

examination including best-corrected visual acuity

evaluation, slit-lamp examination, gonioscopy, and

fundus biomicroscopy with a 90-D lens. Both eyes were

selected for analysis. Central corneal thickness (CCT)

was measured with ultrasonic pachimetry (Micropach

200Pþ, Sonomed, Lake Success, NY, USA). The

pachimetry probe was placed on the centre of the cornea

and the mean of five readings was used for the analysis.

The GAT was calibrated according to the

manufacturer’s guidelines and used at the slit lamp. The

Pascal DCT instrument (SMT Swiss Microtechnology AG,

Zurich, Switzerland) is a device mounted on the slit lamp

and is self-calibrating. It consists of a sensor tip with a

10.5-mm radius of curvature, a concave surface, and a

miniaturized pressure sensor (1.2-mm diameter)

integrated into the centre of the contact surface. A

beeping sound is emitted by the device when the tip is

in contact with the cornea and correctly positioned.10

The IOP measurement takes approximately 75 seconds.

Only measurements with a Q-value p3 were

accepted.

All measurements with GAT and DCT were taken by

one of the three experienced examiners. Three readings

were taken with each instrument and the mean was used

for analysis. The IOP measurements were always taken

first with the Goldmann tonometer, followed by DCT

and CCT, after a minimum interval of 10 min between

measurements.

Intermethod agreement between the tonometers was

assessed using the method devised by Bland and

Altman.15 Mean difference and 95% limits of agreement

were calculated. Linear regression analysis was used to

analyse the influence of CCT and patient age on GAT and

DCT readings. To further analyse the influence of CCT on

readings obtained with both instruments, we divided the

eyes in five categories according to CCTFgroup 1:

CCTp500mm; group 2: CCT from 501 to 540 mm; group 3:

CCT from 541 to 560 mm; group 4: CCT from 561 to

600mm; and group 5: CCT4600 mm. Measurements

obtained with GAT and DCT were compared in each

category using ANOVA.

To evaluate the influence of the quality of the

measurement obtained with DCT, mean values of

readings with a quality score of 1 were compared to

mean values of measurements with quality scores 2 and 3

using ANOVA. Statistical analysis was performed

using SPSS Version 11.0 (SPSS Inc., Chicago, IL, USA).

P-values of less than 0.05 were considered statistically

significant.

Results

Among the 500 healthy subjects (1000 eyes) included in

this study, the mean age was 46. 8±16.4 years (range:

7–86 years), 324 (64.8%) were female, 170 (34.0%) were

African–American, 323 (64.6%) were Caucasian, and

7 (1.4%) were Asian (patients self-defined their race).

Mean IOP measured by GAT (14.3±3.7 mmHg) was

significantly lower than the mean IOP measured by

DCT (17.2±3.2 mmHg), P¼o0.001. There was a strong

correlation between GAT and DCT measurements

(r2¼ 0.26, P¼o0.001), Figure 1. However, the Bland–

Altmann analysis revealed disagreement between DCT

and GAT readings, with 95% confidence intervals of
±7.0 mmHg, Figure 2.

Mean CCT was 543.6±35.4 mm (range: 449–653 mm).

IOP measured by GAT correlated strongly with CCT

(r2¼ 0.28, P¼o0.001), whereas DCT readings correlated
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poorly with CCT (r2 ¼ 0.01, P¼ 0.017). After CCT

stratification into five categories, mean DCT IOP was

significantly higher than GAT (P¼o0.001) in groups

1–4, but was significantly lower than GAT in group 5

(P¼o0.001). Table 1. Both DCT (r2¼o0.01, P¼ 0.044)

and GAT (r2¼ 0.01, P¼o0.035) measurements correlated

poorly with age.

Quality scores for DCT measurements were classified

as 1 (n¼ 369, 36.9%), 2 (n¼ 340, 34.0%), and 3 (n¼ 291,

29.1%). Mean IOP readings by DCT with a quality score

of 3 (18.8±3.3 mmHg) were significantly higher than

those with quality scores of 1 (16.6±2.9 mmHg) and 2

(17.4±2.9 mmHg), P¼o0.001. There were no significant

differences between mean age, mean CCT, and the

Figure 1 Scatter plot showing DCT measurements compared with GAT measurements in 500 healthy individuals. GAT¼Goldmann
aplanation tonometry; DCT¼dynamic contour tonometry.

Figure 2 Bland–Altman plot of the difference between DCT and GAT readings (measurements in mmHg).
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gender distribution among eyes with quality scores

of 1, 2, and 3. Table 2.

Discussion

There is increasing interest in developing alternative,

clinically applicable tonometers that eliminate or

minimize the effect of CCT when measuring IOP,

especially in structurally normal thick or thin corneas

and in eyes following refractive surgery.

In our series including 500 individuals, DCT

measurements were a mean of 3.2 mmHg higher than

GAT readings. This value appears greater than those

reported previously, which varied between 0.94 and

2 mmHg.11,12,16,17 The tendency of DCT to give higher IOP

readings compared with GAT is in good agreement with

the results of a recently published study, which

demonstrated that the IOP measured by applanation

tonometry was 1.2–2 mmHg lower than the IOP

measured manometrically in human in vivo eyes.18 The

higher readings obtained with DCT may be expected, as

DCT was calibrated against a manometrically controlled

standard pressure rather than a GAT pressure reading.18

Similarly to other studies,13,19 we found a strong

correlation between GAT and DCT IOP measurements,

although the agreement between the measurements were

poor according to the Bland–Altmann analysis. In fact,

this discrepancy is not surprising, as it is not uncommon

to observe good correlation and poor agreement between

different instruments measuring the same parameter.15

When we evaluate correlation, we assess the relationship

between measurements. We expect a good correlation

between GAT and DCT IOP measurements, as both

instruments are measuring the same parameter. When

agreement is analysed, we check whether the

instruments are giving the same results, which was not

the case when DCT and GAT were compared. The lack of

agreement between GAT and DCT was also expected, as

GAT is influenced by CCT, and DCT is not.

In their meta-analysis, Doughty and Zaman19 found

a chronological upward trend in the reported averages

for CCT during a 30-year period that is thought to be

due to the change from optical to ultrasonic measuring

methods. The group-average value for CCT using optical

pachymetry was 525 mm (median), compared to 544 mm

(median) for ultrasonic pachymetry, which is consistent

with our finding of 543mm.20–24

In our series, GAT showed a significant correlation

with CCT, contrary to DCT. In accordance with other

studies,6,11,17,25 we observed that CCT affects GAT IOP

measurements. We also demonstrated that GAT

measurements are lower than DCT readings in corneas

with CCTs o600mm, but they become higher in thick

corneas (CCT4600 mm). It is expected that the mean

measured IOP difference (DCT minus GAT) should, in

theory, become negative in thicker corneas as GAT tends

to overestimate IOP in these eyes.6 In agreement with our

findings, Ku et al17observed that Pascal DCT tended to

give higher readings than GAT in thinner and normal

corneas, whereas a trend for GAT measurements to be

greater than those taken with Pascal DCT was noted in

thicker corneas.

As previously shown by Salvetat et al,16 our study

showed that neither DCT nor GAT IOP readings were

correlated with age. Interestingly, Kotecha et al26 found

that GAT�DCT differences were positively associated

with age. In younger eyes, DCT readings were greater

than GAT readings, but this difference reversed in older

eyes. It has been suggested that age-related increase in

corneal ‘stiffness’ may induce a further measurement

error with GAT.27 DCT measurements may be less

affected by this change in corneal biomechanics.

In this study, only DCT measurements with a Q-value

p3 were accepted. For the first time to our knowledge,

the influence of quality scores on DCT measurements

Table 1 Mean DCT readings and mean GAT measurements according to CCT stratification

CCTp500mm 501pCCTp540mm 541pCCTp560mm 561pCCTp600mm CCT4600mm

DCT (mmHg) 16.7±3.5 17.5±3.0 17.47±3.0 18.07±3.0 17.32±3.0
GAT (mmHg) 11.2±2.7 13.18±3.2 14.10±2.9 16.30±3.3 19.49±2.3
DDCT/GAT 5.47 4.30 3.37 1.77 �2.17
P Po0.001 Po0.001 Po0.001 Po0.001 Po0.001

CCT¼central corneal thickness; DCT¼dynamic contour tonometry; GAT¼Goldmann aplanation tonometry.

Table 2 Mean DCT, mean age, mean CCT, gender, and race
distribution according to the quality score (Q)

Q¼ 1 Q¼ 2 Q¼ 3 P

DCT (mmHg) 16.6±2.9 17.4±2.9 18.8±3.3 o0.001
Age (years) 45.88±16.43 46.79±16.16 48.08±16.65 0.231
CCT (mm) 543.9±36.6 544.7±34.3 541.9±35.7 0.603
Gender (M : F) 131 : 238 115 : 225 106 : 185 0.784
Race
(C : AA : O)

247 : 117 : 5 213 : 120 : 7 186 : 103 : 2 0.429

A¼Asian; AA¼African-American; C¼Caucasian; CCT¼central corneal

thickness; DCT¼dynamic contour tonometry; M¼male.
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was evaluated. Unfortunately, the manufacturer does not

provide the exact algorithms involved in the calculation

of the quality score or the reason for rejecting a specific

IOP measurement. However, the quality score may give

important information about the reliability of the

measurement, which may represent an advantage of

DCT over GAT. In GAT, there are several sources of error,

which are not automatically evaluated by the instrument,

including hypo- or hyperfluorescence of the corneaFtoo

wide, too small, or vertically misaligned mires; or

prolonged corneal contact resulting in false too low or

false too high IOP estimates.28 We have demonstrated

that DCT readings with poor quality (Q¼ 3) may be

significantly greater than better quality measurements

(Q ¼ 1 or 2). This finding was not explained by

differences in CCT, age, race, or gender distribution

(Table 2) and indicates that DCT results are influenced

by the quality of the measurement.

In conclusion, this study has demonstrated that DCT

measurements are not influenced by age or CCT, and

tend to be higher than GAT readings in corneas with

CCTs up to 600mm. Furthermore, DCT readings with

quality scores of 3 or 2 tend to be higher than better

quality measurements. We suggest that DCT readings

with quality scores of 3 or more should be discarded, and

that the examiner should aim for a measurement with

quality scores of 1.
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