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Comparison of Central Corneal Thickness
using Anterior Segment Optical Coherence
Tomography and Ultrasound Pachymetry in
patients with open angle glaucoma.

ABSTRACT

Purpose: To compare central corneal Thickness (CCT) using ultrasound (US) pachymetry
and Anterior Segment Optical Coherence Tomography (AS-OCT), in patients with open-
angle glaucoma (OAG).

Methods: Ninety patients above 50 years with healthy corneas were prospectively included
for repeated measurements of central corneal Thickness (CCT), using ultrasound
pachymetry (US) and Anterior Segment Optical Coherence Tomography (AS-OCT), during
the same visit. The readings were averaged and compared by paired t-test. Both eyes of
each participant were measured for our study.

Results: Ultrasound pachymetry showed significantly higher CCT values. The CCT
measured by AS-OCT and ultrasound was 525 + 32.1um and 533 + 38 uym respectively for
the right eye. For the left eye the values were 523 + 31.2 ym and 532 + 33.1 ym
respectively for the AS-OCT and US. The difference in CCT measurement by AS-OCT and
ultrasound was statistically significant (P<0.001) in both eyes with mean standard deviation
of ultrasound CCT being 16.14 um greater than the mean of AS-OCT CCT for the right and
15.12 um for the left eye. A strong correlation was found (r >0.80) between the CCT
measurement techniques. The Anova test didn’t reveal serious differences neither with AS-
OCT, nor with US pachymetry.

Conclusion: The AS-OCT is a promising non-contact and reproducible equipment that is
comparable to ultrasound pachymetry.

The CCT measurement by ultrasound pachymetry gives higher values compared to AS-OCT
measurement in patients with OAG. Hence, they cannot be interchangeably used in clinical
practice and both must be considered.

Keywords: Primary open-angle glaucoma, pachymetry, central corneal thickness, Anterior
Segment Optical Coherence Tomography.
1. INTRODUCTION

For the past years the clinical gold standard for glaucoma follow up is the measurement of
the Intraocular Pressure (IOP). It has been shown that central corneal thickness (CCT)
significantl%/ affects IOP measurement and may be itself a risk factor for developing
glaucoma .

CCT is also a predictive factor for glaucoma progression in patients with higher than normal
Intraocular Pressure. Since IOP measurement by applanation tonometry is influenced by
CCT, it is important to obtain a reliable corneal pachymetry value for each patient with
glaucoma and adjust the IOP for the measured CCT 7 There are many techniques
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available to measure CCT. Two of the most reliable are ultrasound, and anterior segment
optical coherence tomography (AS-OCT).

During the last years ultrasound pachymetry has being incorporated into everyday practice
as a screening tool, for it is easy and convenient to repeat several measurements.
Ultrasound pachymetry is a contact procedure.

On the other hand, AS-OCT devices use a non-contact procedure, that detects minute
differences in tissue depth and they provide high resolution cross-sectional imaging of the
cornea. Studies among non-glaucoma patients have confirmed that AS-OCT has an
acceptable level of correlation with ultrasonic pachymetry ®°.

The purpose of this study was to investigate if the same happens in glaucomatous patients.

2. MATERIAL AND METHODS

Hundred and eighty eyes were prospectively included in this study. Exclusion criteria
included patients with any corneal pathology, pre-existing ocular glaucoma medication,
previous surgical intervention, with any type of glaucoma other than OAG and patients
unable or unwilling to be followed up for the selected period. All patients undergone
ophthalmic examination and vision was tested before treatment. None had any spherical or
cylindrical error (x 0.25) and all measurements were made between 17.00 and 20.00 by the
same observer. Visante AS-OCT CCT measurements were carried out first using the global
pachymetry function. Mean, maximum and minimum values of CCT were recorded.

(Figure 1.)

MEEEN ADVANCED PACHYMETRY REPORT Visante"OCT
Name:

Visante OCT Exan ANTERIOR SEGMENT WAGIVG

Pachymetry Relative Pachymetry

Figure 1.Visante AS-OCT (anterior segment optical coherence tomography)
global pachymetric map.

Pachymetry was then performed using the NIDEK US — 1800 ultrasonic pachymeter after
applying a topical anesthetic. Prior to the measurement, the US pachymeter was calibrated
according to the manufacturer’s instructions. A-scan velocity was set at 1640 m/s for all
measurements. The above series of exams was strictly observed to keep the epithelium of
the cornea intact. As per protocol two AS-OCT and ten US separate consecutive CCT
measurements were obtained. The patient’s age ranged from fifty to sixty-five years.
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2.1 Statistical analysis

All statistical analyses were performed using SPSS 15.0 software. A p-value less than 0.05
was considered statistically significant. In the statistical analysis the mean value of the
measurements was used.

The agreement of CCT measured by AS-OCT and Ultrasound pachymetry was compared by
paired t-test. Pearson test was also used to compare correlation between AS-OCT and
Ultrasound.

We used the Bland-Altman method to calculate the mean and 95 per cent limits of
agreement (LOA) *** and to evaluate the agreement between the two methods.

3. RESULTS

Hundred and eighty eyes were enrolled in this study. There were 40 males and 50 females.
Average age of the subjects was 51 + 9 years and there were no significant differences in
terms of age and gender. The age-sex distribution of the subjects is shown in Table 1.
Table 1. Demographic data

Number of patients 90
Age (mean) 55
Male 40
Female 50

All subjects were treated with latanoprost and they were new patients, participating in the
study about a month after the beginning of their treatment. From the statistical analysis a
positive correlation was observed between the measurements of AS-OCT and US.
(P<0.001).

Central cornea thickness was measured and the result was 525 £ 32.1pym with AS-OCT and
533 + 38 um for US pachymetry. For the left eye the values were 523 + 31.2 ym and 532 +
33.1 um respectively for the AS-OCT and US. (Table 2)

Table 2. CCT as measured with AS-OCT and US

Min value Max value Mean value 87
AS-OCT right eye | 525 uym 557 um 541 pym
USright eye 533 um 571 uym 552 ym
AS-OCT left eye 523 um 554 ym 538 um
UsS left eye 532 um 565 um 548 pm

From the statistic analysis with paired t-test we concluded that the differences between the
two instruments was 9.90 £ 7.34 ym and 9.70 £ 7.12 for the right and left eyes. (Table 3).
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97  Table 3. Difference in CCT with paired t-test between the AS-OCT and US in both eyes.
98
Paired t-test CCT Mean value P
US - AS-OCT right eye 9.90 (7.34) <0.001
US — AS-OCT left eye 9,70 (7.12) <0.001
99
100
101 The Bland—Altman analyses of the data is displayed in Figure 2 and Figure 3. From the
102 graph we can see that agreement limits are from — 4.54 to 25.10 and from — 4.51 to 25.20
103  for the left and right eye respectively. The mean difference of measurements between the
104  two methods was 9.90 um and 9.70 for the right and left eyes, comparing AS-OCT and
105 ultrasound pachymetry. We observe a greater discrepancy of the measurements between
106  the two instruments above the value of about 520 um in both eyes, whereas below this value
107 there is a better agreement and a smaller difference.
108 The correlation of central corneal thickness with age was -0.078 (P> 0.05) for AS-OCT
109 and-0.108 (P> 0.05) for US.
110
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114 Figure 2. Bland—Altman plot of AS-OCT and US, (right eye), showing a mean
115 difference of 9.90 ym, LOA (Limits Of Agreement) - 4.54 to +25.1 ym
116

117
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Figure 3. Bland—Altman plot of AS-OCT and US, (left eye), showing a mean
difference of 9.70 ym, LOA (limits of agreement) - 4.51 to +25.2 pm

3.1 DISCUSSION

According to the results of our study, measurements of CCT taken by AS-OCT differ
significantly from the ultrasonic method. Bland—Altman Plots revealed measurements using
the AS-OCT were lower than with ultrasound, with mean difference of 9.88 mm.
Repeatability of the measurements using AS-OCT was as good as with US.

The repeatability of the two machines has been confirmed by other studies.™***

CCT after statistic analysis was found to be 525 + 32.1um with AS-OCT and 530 + 38 uym
with ultrasound pachymetry.

The measurement of central corneal thickness with ultrasonic pachymetry is the method of
choice among doctors because of its established reliability, low cost and ease of use.
However, measurement by ultrasonic pachymetry requires a contact examination on the
corneal epithelium and a correct technic. Also, ultrasonic pachymetry is dependent on the
reflection of the sound from the anterior and posterior corneal surfaces without calculating
the thickness of the tear layer that is displaced by the machine socket™®.

On the other hand, AS-OCT offers a non-contact mapping of the anterior surface of the
cornea and a calculation of the CCT. Anterior segment OCT imaging was first described in
1994 by Izatt et al *” using the same wavelength of light as retinal OCT, namely 830nm.
This wavelength is suboptimal for imaging the angle due to limited penetration through
scattering tissue such as the sclera. OCT imaging of the anterior segment with a longer
wavelength of 1310 nm was developed later on and had the advantages of better
penetration through sclera as well as real-time imaging at 8 frames per second.

The reason for the difference between the two equipment is not completely known.

It could be partly explained by the different methodology, the algorithmic differences of the
two machines as mentioned above and the uncertainty about the true index of refraction of
the laser light source used by AS-OCT.

Corneal swelling due to local anesthetic even by 8.9 um~"", is another reason that we may
encounter as to why AS-OCT readings are lower than ultrasound.

In clinical practice systemic equipment errors should be considered when measuring central
corneal thickness.

18,19
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A meta-analysis by Doughty and Zaman showed that a 10% difference in the central corneal
thickness could lead to a difference in intraocular pressure of up to 3.4 mmHg.

They calculated that for every 10 um difference in the central corneal thickness, a change of
0.2 mmHg occurs in IOP measurements.”

Although the difference in CCT measurements between the two machines was less than

20 pm in this study, the importance of CCT difference in tonometry should not be clinically
ignored.

4. CONCLUSION

The aim of our study was to compare Central Corneal Thickness (CCT) using ultrasound
(US) pachymetry and Anterior Segment Optical Coherence Tomography (AS-OCT), in
patients with open-angle glaucoma (OAG).

The AS-OCT is a promising non-contact and reproducible equipment that is comparable to
ultrasound pachymetry.

The CCT measurement by ultrasound pachymetry gives higher values compared to AS-OCT
measurement in patients with OAG. Hence, they cannot be interchangeably used in clinical
practice and both must be considered.

Nevertheless, further research would be useful with larger numbers of patients and longer
follow-ups are required to confirm these findings and improve patient care.
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