eye of the patient. The intracorneal pocket is either
created mechanically with a microkeratome or with the
femtosecond laser. Major advantages of the procedure are
the easy surgical technique, the potential reversibility and
the ability to combine with several surgical corneal and
intraocular modalities for the correction of refractive errors
_and presbyopia!.

-?ypes of Current Corneal Inlays

The current utilized intracorneal inlays for the treatment of
presbyopia can be Categorized into three groups according
0 their mechanisms of action:

1} Intracorneal inlays that reshape the anterior surface of
the cornea, increasing its curvature, making the tissue
steeper. Those inlays are made of hydrogel and an
example inlay with this mechanism of action is the
Vue+ inlay (ReVision).

2] Intracomneal inlays made of Polyvinylidine Fluoride
(PVDF) that act as small apertures increasing the depth
of focus through a pinhole effect. An example inlay
with this mechanism of action is the Kamra inlay
(AcuFocus).

3) “Intracorneal inlays made of Hydrophillic Acrylic that
serve as a refractive addition lens, creating a bifocal
optical system in the patient’s cornea. An example

Refractive Surgery

inlay with this mechanism is the Flexivue Microlens
(Presbia, CA, Netherlands).

History of Intracorneal Lenses

Jose Barraquer in 19492 first described the implantation of
a synthetic lenticule inside the cornea for the correction
of aphakia and high myopia. The technique was known
as Synthetic Keratophakia. Those premature intracorneal
inlays were composed of glass and plexiglass. These high-

index polymers were used due to their optical abilities

in order to treat high myopia’. Their limited permeability
of fluids, nutrients and products of cells’ metabolism,
led to anterior stromal thinning of the cornea, stromal
opacities and keratolysis. In the literature, the results of
the experimental use of intracorneal inlays from synthetic
polymers as glyceryl methacrylate* and later on from
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hydrogels, revealed that hydrogel as a material of choice for
the creation of intrastromal inlays. It was semi permeable
to the fluids and nutrient ingredients for the cornea, but
had limited optical properties due to its low optical index
of refraction.

The PermaVision Intracorneal Lens (Anamed, Lake Forest,
CA) was made from a hydrogel-based material called
Nutrapore. It had a diameter ranging between 5.0 to 5.5mm,
with central thickness of 30 to. 60 pm. Its mechanism of

The Intracorneal Microlens (BioVisionAG, Bruggs,
Switzerland) was 3 lenticule of 3.0mm diameter and 20um

EEe..
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thickness, made from hydrogel, with an addition refractive
Power and a centra] opening permitting flow of fluids and
Nutrients to the anterior central cornea. This inlay was

Details of Current Designs

Current intracomeal inlays for the Compensation of
presbyopia in emmetropic, presbyopic patients that are
utilized are CE marked and are under the United States
Food and DrugAdministration (FDA) trial. They consist
of the KAMRA inlay (AcuFocus, Irvine, CA), the Vue+
(ReVision Optics, Lake Forest, CA), and the Flexivue
Microlens (Presbia, CA, Netherlands).

KAMRA inlay by AcuFocus (AcuFocus, Inc. Irvine, CA)

The KAMRA inlay by AcuFocus (AcuFocus, Inc. Irvine, CA)
is a small apertyre corneal inlay for treatment of presbyopia

a central annulus of 1.6mm that serves as pinhole and 5um
thickness. It js made of bio-compatible polyvinylidine

and presbyopia has been described. |n that case, the inlay
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is placed under a corneal flap at 200um depth after the
ablation, in order to relieve the patient from glasses for
far and near activities. Examination of ocular structures,
diagnostic tests and visual fields measurement are not
affected by this procedure.

Seyeddain et al® reported two years data on the AcuFocus
inlay implanted in 32 eyes and stated that 96.9% of
patients could read J3 or better in the operated eye with
mean binocular uncorrected near acuity of |1 and mean
binocular uncorrected distance visual acuity of 20/16.
Yilmaz et al’ reported 12 months results on 39 presbyopic
patients where12 of them were naturally emmetropic and
27 had emmetropia resulting from earlier LASIK. At one
year, the mean uncorrected near visual acuity of the patients
participating in the study, improved from J6 preoperatively
to J1+. The mean uncorrected distance visual acuity
in the operated eyes did not change significantly from
preoperatively and remained 20/20 throughout the
monitoring period.

The Vue+ corneal inlay

The Vue + corneal inlay, formerly known as the Presbylens
(ReVision Optics, Lake Forest, CA) is a permeable hydrogel
lenticule with a refractive index similar to the human
cornea. The inlay has a diameter of 2mm, is approximately
10-m thick at the periphery and has a thickness from 24
o 40um at the central part. The inlay is inserted under
either a LASIK flap or into a corneal pocket at a depth of
approximately 120 to 130um in the non dominant eye of
the patients. Its mechanism of action includes alteration
of the anterior surface of the corneal curvature, to create
a multifocal cornea that improves near and intermediate
visual acuity, with slightly affecting distance visual acuity.
The constriction of the pupil during near tasks offers an
additional pseudo accommodative help. The Vue+ has

1
A

Figure 6

received European Conformity (CE) mark in the European
Union and has recently completed the first phase of US
FDA clinical trials.

Sharma et al® reported results on eight emmetropic,
presbyopic eyes who underwent implantation of the inlay,
under corneal flap created with a microkeratome. All eyes
implanted revealed a 20/32 or better unaided near vision,
two years postoperatively. All patients recorded that they
were satisfied with the outcomes of the procedure and
were able to perform typical near activities without glasses.
Slade et al presented the six months results of the inlay
implantation in natural or post refractive emmetropes,
presbyopes at the ASCRS Meeting in 2010° Mean UVA
for near was 20/25 and no patient lost two or more lines
regarding far vision. Invye lens, (Biovision AG, Brugs,
Switzerland) is another corneal inlay which is implanted
inside a corneal pocket of the non dominant eye created
using a mechanical microkeratome. Bouzoukis et gl
reported improving visual acuity for near with 20/32 UNVA
in 98% of the patients.

The Flexivue Microlens (Presbia, Amsterdam,
Netherlands) intracorneal inlay

The Flexivue™ Micro-Lens is a transparent, hydrophilic
disc with 3 mm diameter and approximately 15 um edge
thickness. The central 1.6 mm diameter of the disc is
plano and the peripheral zone has an add power. The base
power available range from +1.5 D to +3.50 D in 0.25
D increments. At the center of the disc there is a hole of
0.15um diameter that permits the transfer of oxygen and
nutrients of the cornea through the lens. The Microlens is
inserted into a stromal pocket created with the femtosecond
laser with an insertion device into the non dominant eye
concentric with the estimated line of sight.
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The lens has a bifocal optical system which acts as a
modified monovision (smart monovision). During far
vision the rays pass through the central zone of the inlay
without refractive effect and will be sharply focused on the
retina, whereas the rays which pass through the refractive
peripheral zone will be not of focus in front of the retina.
During near vision, the rays which pass through the central
zone will be out of focus behind the retina and the rays
which pass through the lens peripheral refractive zone will
be focused on the retina. As a result, only the peripheral
zone of the lens provides the near vision correction, and
affects far vision, whereas the central zone of the lens and

the peripheral unaltered part of the cornea do not affect the
far vision.

In a study of 43 patients (average age, 52 y) with a mean
preoperative UCDA of 20/20 and mean UCNA of 20/50,
all patients had an increase in the uncorrected near visyal
acuity after 1 week. By 1 year, 93% of patients had an
UCNA of J2 or better (Limnopoulou, Pallikaris et al,2012).

Indication

Corneal inlays are procedure of choice for Plano
presbyopic patients. These group of patients can be 1.
Natural planopresbyopes 2. Post LASIK planopresbyopes
3. Post cataract surgery Plano presbyopes. It can also be
implanted in ametropic presbyopic patients by performing
excimer laser ablation and comneal inlay in the same sitting,
either both under the flap or the inlay is implanted in the
deep pocket.

Pre-Operative Work Up

All patients must undergo an extensive pre-operative work
up similar to any refractive surgery patients, including
vision (unaided distant and near), manifest refraction
(distant and near), IOP, Corneal and anterior segment
Siomicroscapy, Retinal evaluation. Anciffary investigations

tomography are must
21l of them have a modifie
ation of ocular dominanc ;
aust and usually we give

of monovision, to know the

Intracorneal
stromal poc
implantation

peripheral comeal
unaffected comea
recovery of

s are preserved, resulting i
fy and potentially faster visual
/ = ket procedures also allow
the preservation « nechanical properties of the
comea, offering stabl mechanical stability of the tissue
Additionally complications €oncerning  comeal

the creation of a comeal flap permits simultaneous abl :
of the stromal tissue with the excimer laser, in order to treat |
refractive errors along with presbyopia. Also, a corneal flap, |
allows easy manipulations during a potential reposition or |
removal of the inlay. It is important to mention that since
proper centration ofan in rreal inlay to treat presbyopia |
is vital for its better performance, 3 main difference from- 4
the standard procedure of creating a LASIK flap, is that an |
irrigation of the stromal bed is avoided prior to the flap -

repositioning, in order to inhibit a potential replacement of |
the lenticule. ;

During the last decade, in the field of refractive surgery -
there has been an increasing interest in the use of corneal 3
inlays for the treatment of presbyopia by either using flaps,
created by mechanical microkeratomes'™'2 of femtosecond
lasers™, or by using pockets created by mechanical
microkeratomes or femtosecond lasers™, Compared to the
mechanical technique, the femtosecond laser makes tunnel
creation faster, easier and more reproducible as well as
offering precise tunnel dimensions (width, diameter and
depth) compared to manual techniques, helping in better .
centration of inlay. This could enhance the predictability,
resulting in better final outcomes and improving the safety
of the procedure. The development of special softwares for ]
customized pockets has further simplified and increased
the efficacy of the procedure.

Anadditional advantage of the procedureisthatis not needed
fo change or to add new equipment in a modern refractive
surgery center, except the special injector and the mask,

offering also one more application in the femtosecond laser 3
treatments. The inlays are implanted only in non dominant |
eye and centration is most crucial. | prefer to center them |
on excimer laser microscope and ask the patients to focus |
at the focusing Jight so 25 1o Jnow the Jine of sight And the 3
inlay is implanted and centered on line of sight. Acutarget |
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is a sophisticated instruments to identify the line of sight
and is provided with AcufocusKamra Infays.

Complications of Intracorneal Inlays

Complications regarding the biocompatibility of the material
wused for the intracorneal lenses have been described and
include corneal stromal opacity, haze variants, epithelial or
extracellular matrix deposits, infiltration, and keratolysis'>'7.
Modifications of the material in order to be more
permeable of fluids and nutrients along with byproducts
of the metabolism of the tissue, along with alterations in
postoperative medical treatment of the patients to include
steroids and occasionally cyclosporine, have assisted in
decreasing the appearance of such adverse events and
in increasing the tolerance and stability of the outcomes.
Additionally, the development of the femtosecond lasers
for the creation of the corneal tunnel has increased the
predictability, speed and safety of the procedure. The inlays
are intolerant to de-centration and need to be re-centered
if they move. If the patient has constant glare and optical
phenomenons, the inlay can be easily removed by opening
the pocket.

Conclusions

Modemn Corneal inlays demonstrate good efficacy of gain in
unaided near vision with minimal compromise on unaided
distant vision. This minimally invasive and reversible
procedure demonstrates good safety and maintenance of
corneal structural health. However, new technology merits
further long term studies.
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