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Introduction

Presbyopia is the inability to focus on near objects which
physiologically manifests around 40 years of age due to
reduction in elasticity of the crystalline lens causing a reduction
in accommodation [1]. Surgical treatment options include LASIK
monovision, multifocal LASIK, accommodative, multifocal, or
extended depth of focus intraocular lenses (IOLs), and scleral
expansion techniques. Recently, technological advances have
led to corneal inlays as an alternate surgical treatment option
to correct presbyopia. Because the inlay procedures are additive
and do not require removal of corneal tissue, these devices can
be removed and often times baseline acuity levels recovered
with no additional surgery [2]. The Raindrop Inlay increases
the curvature of the cornea to improve near vision. This shapechanging
mechanism involves intricate biomechanical changes
to two different layers of the corneal tissue, which ultimately
reduces visual symptoms compared to other presbyopia
correcting optical systems such as Multifocal IOLs [3].


The Raindrop Inlay is 2 mm in diameter, ~34µm thick at
the center, and made up of a hydrogel material that has a similar
index of refraction to that of the cornea, and has no intrinsic
power. It is placed under an 8 mm-diameter femto second flap
at 30% central corneal thickness in the non-dominant eye [4-6].
Near and intermediate vision is improved by changing the shape
of the cornea to induce a continuous center-near power profile
[3]. In the US FDA Pivotal Study, on average in the inlay eye,
patients gained 5 lines of near vision, 2.5 lines of intermediate
vision, and little change to binocular distance vision [7].


 The corneal structural changes that occur after Raindrop
Inlay implantation was deduced in a study by utilization of
anterior segment optical coherence tomography (AS-OCT) to
measure changes in anterior stromal elevation and epithelial thickness (figure 1, top) and wavefront measurements to
measure the change in total anterior corneal surface (figure 1,
bottom right) [4]. The inlay’s volume raises the anterior stroma
which is demonstrated by a change to the shape of Bowman’s
layer. The anterior stromal thickness change above the inlay was
shown to be ~28 µm on average (table 1), which is only ~85%
of the inlay’s central thickness (Figure 1). The 28 µm rise in the
anterior stroma lifts the overlying epithelium, resulting in central
epithelium thinning by ~18µm (table 1). This epithelial thinning
tapers out peripheral to the inlay diameter, leading to slight
peripheral thickening, not measurable by AS-OCT. The resulting
anterior elevation change to the central cornea was ~10 µm (the
difference in 28 µm anterior stroma thickness change and 18 µm
epithelial thinning) (figure 1, table 1), which gradually reduces
to zero as the epithelium redistributes to about twice the inlay
diameter. This steady change in corneal surface height creates
the inlay-induced central steepening power profile resulting in
4.3 D add power induced at the center [3,4].



table 1: Numeric values of stromal, epithelial, and total anterior mean
changes with standard deviations (SD).
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Figure 1:  Examples of preop and postop AS-OCT images (Top). Schematic representation of the corneal changes after inlay
implantation. Postop-Preopwavefront difference map (iTrace). 







Epithelial remodeling has also been demonstrated with
hyperopic and myopic LASIK. In myopic LASIK the epithelium
thickens across the central ablation zone [8], whereas hyperopic
LASIK the epithelium thins at the center and thickens at the
midperipheral zone where ablation is greatest [9]. Until recently,
the mechanism of remodeling that happens to the stroma and
epithelium when an inlay is implanted concomitantly with LASIK
was unknown. Interestingly, the epithelial thickness profile was
nearly identical and the thinning of the epithelium was not a
function of the amount of hyperopic or myopic treatment. This
translated into similar add power profiles derived from the
wavefront measurements, with the hyperopic group having
slightly more induced add power profile, especially at the
central 0.9 mm zone. Thus, the clinical outcomes were the same
between the LASIK groups, with differences less than 2 Snellen
letters between the two groups. A limitation of this study is that
the average SE ablation was +1.71 D for hyperopic treatment
and -2.48 D for myopic treatment [10]. Whether or not this
remodeling effect is consistent with higher levels of treatment
has yet to be elucidated.


Interestingly, the preoperative epithelial thickness and
total corneal thickness does not correlate with the final central
anterior surface height change. Additionally, the central
epithelial thickness change was not a function of preop corneal
thickness nor final anterior surface change at the center [4]. This
suggests that there is a buffer to the level of corneal/epithelial
remodeling that may result. One suggestion by the authors
is that the superficial epithelial cells may be more dynamic in
response to external forces, thus they tend to flow outward in
response to regions of greater epithelial thickness curvature until the resistance of lower cells ultimately stops this flow [4].
Regardless of whether or not this theory is accurate, the tear
film plays a crucial role in maintenance, hydration, and fluidity
of the cornea [11,12], and will be pertinent to these structural
alterations to the anterior cornea taking place. Future studies
focused on ocular surface therapy both pre- and post-inlay
implantation will be useful to determine if maintenance of the
ocular surface is correlated with positive outcomes.
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