5. Evaluation of an ultrasonic elasticity measurement device in order to diagnose and manage keratoconus
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Introduction

Keratoconus is a relatively common, bilateral corneal ectasia. Keratoconus is
associated with changes in the corneal structure, such as defects of
Bowman'’s layer, a decrease of corneal thickness, etc. They result in
alterations of some of biomechanical paramenters of the cornea, namely
elasticity.

The elastic properties of a given tissue may be characterized by Young's
Modulus which relates the stress and the resultant strain. There has been a
demonstrated correlation of the corneal shape and thickness profile in
accordance with the elastic hypothesis in the patients with keratoconus.
Ultrasound imaging systems can indirectly estimate and image elastic
properties of tissue using ultrasonic measurements of externally or internally
induced internal tissue motion.

Purpose

To evaluate the safety and sensitivity of a contact cornea elasticity
measuring device in patients with keratoconus. The elastometer
(Sonic Eye, PriaVision, Menlo Park CA) consists of a handheld probe
with two endings. One is a sound tranducer and the other a sound
measuring device spaced 4.5 mm apart (Figure 1). The device
reports real-time ultrasonic time-of-flight data, an indicator of corneal
stiffness, in units of meters per second via a PC-based software
platform and USB interface (Figure 2). The principle of sound
conduction through the cornea is translated by the software and by
Youngs's law into elasticity measurement.

| Methods |

We evaluated 2 separate groups in this study: A group of keratoconus patients
as seen consecutive in a cornea referral practice for visual rehabilitation either
with RGP contact lenses, INTACS procedure, or penetrating keratoplasty

Several parameters were evaluated in our standard keratoconus workup. We
evaluated visual acuity, refraction, orbscan and standard topography, ultrasonic
central pachymetry.

The measurements of the corneal elasticity were made within the central
cornea and in key peripheral meridional and circumferential locations (Figure
3). The measurement was performed under local anesthesia with topical
proparacaine drops.

The 65 consecutive keratoconus patients were then compared to 65 “normal”
patients matched to the sex, age and spherical equivalent with the keratoconus
group. These patients were refractive surgery candidates evaluated for the
same measurements including elasticity.

Figure 3
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Figure 2

Results

130 pairs of eyes were included. The mean values for the KCN patients
were: refractive error: sphere: —3.80D (-0.50—6.75) and cylinder: -3.85D (1
to —8.75). UCVA 20/200. For the Normal controls: Sphere -4.2D, Cyl -1.25
D, UCVA 20/100. Elasticity was measured as a mean 12.5 m/sec (11.2-
14.5) in the keratoconus group, compared to 38.5 (16-42) m/sec in the
normal controls. There were 2 normal eyes with abnormally high elasticity

16 and 16.5 m/sec. (Table 1)
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Table 1

Conclusions

=This may be a safe and effective measuring device for early diagnosis and
follow-up of progression of keratoconus

=This may serve to improve accuracy of trans-corneal intraocular pressure
measurement.

=|lt may serve as a screening device for refractive surgery patients and may
pick-up patients in high risk for ectasia following LASIK

=Further studies are necessary to establish our findings
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