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KEY TAKEAWAY POINTS

Wavelight plus is an evolution in creating an ablation profile by representing the pre-operative eye
using a virtual 3D eye model constructed using multiple data sources.

The data to create the 3D eye model are derived from a single diagnostic device that integrates a
Scheimpflug tomographic apparatus, a Hartman-Shack wavefront sensor, and partial coherence
interferometry biometer.

In contrast to current technologies, the wavelight plus ablation algorithm additionally simulates and
optimizes the post-operative anterior corneal surface within the 3D eye model to achieve the intended
correction while considering geometric and optical properties of the individual eye. These include
corneal anterior and posterior curvature, total ocular wavefront, the effect of anterior chamber depth
to the ray tracing, anticipating anterior surface of the crystalline lens and axial length.

The new ablation algorithm includes compensation for peripheral laser ablation efficiency, epithelial

remodeling, and biomechanical influences that can observed with standard LASIK.

INTRODUCTION

The majority of corneal refractive surgical
interventions remove corneal volume that is
either aimingto correctfor lower order aberration
namely sphere and astigmatism or a combination
of lower and higher order aberrations in one
united profile.

Approaches to calculate LASIK treatment
profiles have evolved over the years to include
developments such as pre-compensation
algorithms for laser ablation efficiency in the
peripheral cornea and algorithms to either avoid
inducing aberrations or even to reduce higher-

order aberration.! Theoretical models did reveal
limitations? in applying such algorithms and
clinical studies did not conclusively prove for all
patient cohorts3®the capability to notinduce new
aberrations or reduce higher order aberration vs
pre-operative.

Unlike the currently available ablation volume
calculation algorithms, wavelight plus uses a
new approach to create the ablation profile by
using a 3D eye model (Figure 1) to represent the
major optical and geometrical components of
the individual eye and employing ray tracing to
simulate the path of light through the cornea to
the retina.
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Figure 1: 3D eye model overview
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This white paper provides a description of the
technology behind wavelight plus Wavelight
system to be used with the wavelight EX500
excimer laser.

CREATING THE WAVELIGHT
PLUS 3D EYE MODEL

The data derived by the wavelight plus Sightmap
diagnostic device are used by the wavelight
plus algorithm to create the 3D eye model. The
wavelight plus Sightmap is a 3 in 1 diagnostic
device with the capability to measure the
wavefront, Scheimpflug tomography, and
biometry (Figure 2) in consecutive exams.
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Figure 2: Wavelight plus Sightmap diagnostic device

THE SIGHTMAP
DIAGNOSTIC DEVICE

1. Hartmann-Shack wavefront sensor

The Hartmann-Shack wavefront sensor generates
an individualized wavefront map formed by the
optical components of the eye (cornea, anterior
chamber, crystalline lens and vitreous).

A Hartmann-Shack wavefront sensor consists
of an array of lenses focused on a photo sensor
(charge-coupled device, CCD).” As an infrared (IR)
laser beam is projected through the pupil onto
the retina, the reflected light passes through a
micro-lens array, where reflection is seen as
a point source, before being detected by the
sensor. The deviation of each lenslet’s focal point
from its ideal reference position is used to
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Figure 3: Hartmann-Shack wavefront sensor principle CCD,
charge-coupled device; IR, infrared.

calculate the aberrations of the eye, creating an
individualized wavefront map with a minimum
pupil diameter of 4.5 mm (Figure 3).8°

The wavefront map identifies both lower order
aberrations, such as tilt, sphere (myopia and
hyperopia) and astigmatism, and higher order
aberrations, such ascomaand spherical aberration.
The wavelight plus Sightmap incorporates all
aberrations into the 3D eye model.

2. Scheimpflug corneal tomographer

The Scheimpflug principle is used to enable
large depth of focus during image capture of the
anteriorsegmentfromthe corneatothe posterior
surface of the crystalline lens simultaneously.

A rotating Scheimpflug camera then takes a
series of 25 sectional images from the side view,
which stack to build an image of the anterior eye.?
This data is used to develop the 3D eye model,
which includes topography of the anterior and
posterior corneal surfaces, pachymetry across
the entire corneal surface from limbus to limbus,
and anterior chamber depth (Figure 4).8" An
infrared image of the undilated iris is also
captured to support iris registration and cyclo-
torsional alignment at the excimer laser.

3. Partial coherence interferometry
captures biometric parameters

The measurement of the eye's axial length is
performed once using a technique called partial
coherence interferometry. This process involves
taking six measurements at once, spanning from
the front surface of the cornea to the retina.
The software determines the axial length by
analyzing the position of the reference mirror.
(Figure 5).7
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Figure 4: Scheimpflug imaging - Corneal cells scatter the
slit light and a sectional image is taken from a camera
perpendicular to the light (A). A scan of the eye results in
thousands of data points, which are used to create a 3D
virtual model of the anterior segment (B) from which resulting
measurements are made (C).
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Figure 5: Partial coherence interferometry - Alaseris projected
into the eye and the reflection onto a photo-detector provides
the axial eye length.

CREATING THE WAVELIGHT
PLUS EYE MODEL AND
ABLATION PROFILE

Currently, classic LASIK treatments, such as
WAVEFRONT OPTIMIZED™ and CUSTOM Q™,
and customized ablation profiles, such as
topography-guided, and wavefront-guided, are
calculated based on data derived from separate
diagnostic devices or in combination with
manifest refraction. The respective diagnostic
data are applied to a simplified corneal curvature
ablation algorithm which in return creates an
ablation profile to achieve a corneal curvature
corresponding to emmetropia.

Wavefront-guided treatments measure the
ocular low and high-order aberrations of the eye
inits entirety and topography-guided treatments
consider the anterior corneal shape that
contribute to these same aberrations. However,
these ablation profiles do not consider the
spatial and geometrical position of the various
optical elements of the eye in the calculation of
the ablation.""?

This personalised calculated ablation profile may
also be pre-compensated to avoid induction of
rotation-symmetric aberrations, predominantly
spherical aberration Z3.

In contrast, the wavelight plus algorithm creates
ray tracing-based ablation profile using the
following steps:

1. Create an ablation profile

a. The fundamental 3D eye model is
constructed using data obtained from the
Sightmap. This model encompasses various
components, including the complete cornea
(comprising the anterior cornea, pachymetry,
and posterior cornea), the anterior chamber
depth, and the axial length of the eye. The
model incorporates up to 2,000 rays of light
to simulate their trajectory through these
surfaces. Additionally, the properties of the
crystalline lens are defined based on an
existing model.”

b.  The anterior curvature of the crystalline
lens is adjusted iteratively to accurately
represent the measured ocular wavefront,
taking into account both low and high-order
aberrations. Through a series of iterations,
the lens curvature is fine-tuned to match the
observed wavefront, ensuring a more precise
representation of the eye's optical properties.

c. Create an ablation profile targeting
emmetropia.
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2.

Test and optimize the ablation profile

a. The pre-operative anterior corneal
topography is amended by the previously
calculated ablation profile simulating the post-
operative anterior corneal surface.

b.  The ray tracing algorithm then simulates
the post-operative achieved correction and
iteratively optimizes the pre-operative anterior
corneal surface in the 3D model to the best
possible correlation.
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3. Apply wavelight plus pre-compensation

The updated wavelight plus algorithm utilizes
accumulated  preoperative and  achieved
data to perform calculations. This novel pre-
compensation algorithm enables real-time
determination of the required pre-compensation
for each individual, considering their specific
characteristics and previously tested profile.

Thewavelightplus pre-compensationmethodwill
account for rotationally symmetric aberrations
but also for non-symmetric aberrations taking
laser efficiency, long-term epithelial healing
and biomechanical changes in order to obtain a
post operative corneal surface that matches the
previously simulated model by the algorithm.”®
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