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Abstract

Introduction: Cataract is opacification of the crystalline lens and is the commonest cause of
reversible loss of useful vision worldwide. Treatment of cataract consists of surgical removal
of opacified crystalline lens. Currently, the procedure of choice for cataract surgery is
extracapsular cataract extraction with phacoemulsification followed by intraocular lens
implantation. The major drawback of crystalline lens removal is the loss of the
accommodative ability of the eye. Traditionally used monofocal intraocular lenses provide
exquisite visual acuity at a single, fixed focal length. Thus, correcting the distance vision,
patient will require spectacles for near. Increased patients’ demands for both distance and near

vision and spectacle independence have forced ophthalmologists to search for new solutions.

Intrastromal corneal inlays are a relative new modality for presbyopia correction. Currently,
there are three different types of the commercially available inlays, which use different
mechanisms to compensate for accommodation loss: increase of the depth of field by fixed
small aperture, reshaping inlays that make changes of anterior corneal curvature and

refractive inlays that alter the index of refraction using a bifocal optics.

The Presbia Flexivue Microlens® inlay is a transparent, hydrophilic disc with 3.2 mm
diameter and an edge thickness of approximately 15 um, with high refractive index and added
optical power. The central 1.6 mm diameter of the disc is near-plano and the peripheral zone
has the appropriate addition power. The Presbia Flexivue Microlens® has a bifocal optical
system which acts as a modified monovision. The inlay is implanted in the intrastromal

corneal tunnel made by femtosecond laser in the non-dominant eye.



Purpose: The purpose of this study is to investigate the clinical outcomes and safety of three
different techniques of a combined cataract and refractive corneal inlay implantation surgery

for presbyopia compensation over a 12-month follow-up.

Setting: University Hospital of Crete, Department of Ophthalmology and Institute of Vision

and Optics, University of Crete, Greece

Study design: This is a comparative pilot study.

Study population: To qualify for enrollment in this study, each candidate was thoroughly
evaluated to ensure that they meet all inclusion criteria and that they do not exhibit any of the

exclusion criteria specified in the study protocol.

Methods: In this pilot study fifteen patients with bilateral cataract were allocated to one of
three groups with different combination of surgical steps (cataract surgery, intrastromal
pocket creation and inlay implantation). In Group 1 intracorneal pocket was created in the
non-dominant eye and three months later bilateral cataract surgery was performed; three
months afterwards, the intracorneal inlay was inserted. In Group 2 three days after pocket
creation and the inlay implantation in the non-dominant eye, bilateral cataract surgery was
performed. In Group 3 three months after bilateral cataract surgery, the pocket creation and

the inlay insertion were performed in the non dominant eye.

Mean Outcome Measurements: Near and distant visual acuity, manifest refraction, contrast
sensitivity outcomes were evaluated and compared between three groups. Furthermore,
changes in corneal topography, intraocular pressure measurement, endothelial cell density and

satisfaction questionnaire were evaluated. The follow-up period was 12 months.



Results: Twelve months after the inlay implantation mean UDVA in Groupl was 0.18
logMAR (20/32), in Group 2 0.16 logMAR (20/32) in Group 3 0.12 logMAR (20/25).
Achieved UNVA improved in all groups to 0.08, 0.10 and 0.06 logMAR, respectively. The
visual and refractive outcomes obtained no statistically significant difference between the
three groups. Contrast sensitivity was similar between groups under mesopic and photopic
conditions. Changes in corneal topography, intraocular pressure and endothelial cell density
did not show significant difference between groups. Fourteen of 15 patients perceived their

distance and near vision as excellent. No intra- or postoperative complications were observed.

Conclusion: Intracorneal refractive inlay, Presbia Flexivue Microlens®, seems to represent
an effective and safe method for the presbyopia compensation in pseudophakic patients.
Clinical outcomes of three different techniques of combined cataract surgery and the
refractive inlay implantation had no significant differences between them. The refractive
corneal inlay provided excellent near vision acuity, high patients’ satisfaction and high

spectacle-independence rate in patients after cataract surgery.



Mepidnyn

Ewayoy: O katappdking yopoaktnpiletar and m B0Awon Tov KpLOTOAAOEB0VS POKOD Ko
TN GvveTaKOAoLOT peimon g ontikng o&utntag. H Bepameia elvar yeipovpyikn Kot
GLVICTOTOL GTNV APAIPEST] TOV PAKOV KOL TNV OVTIKOTAGTOCT TOL omtd £vay TEXVNTO
evdopukd mov Tomobeteital 6to mEPIPAKlo. H cOyypovn texvikn eyyeipnong Katoppaktn, 1
eakoBpuyia, yapoaktnpileton Waitepa EXITLYNG Ko ACPOUANG KOONDS T0 TOGOGTA GOPapdv

EMUTAOK®V EIVaL YOUNAGL.

To petovéktnpo g aeaipeons Tov KPVGTAALOELOOVS PAKOD KOl TNG OVTIKOTAGTOCNS TOV Ao
€vay LOVOESTIOKO EVOOPUKO £IVOL 1) ATMOAELN TNG TKOVOTNTOS TPOGOPUOYNG LLE ATOTEAEG LA
ATOAELOG TNG KOVTIVAG Opacns. ¢ TpOoeaTa, 1 OV OVIYLETMTIOT) TOV TPOPANLUOTOG TG
KOVTIVIG OpOaoNG LETA TNV EYXELPNON TOV KATOPPAKTN NTOV 1] (P10 TV S10pHOTIKAOV pOK®OV
(KOVTIVA YOOI, OITAOESTIOKA YVOALL, PAKOL ETOPNG). AVENUEVES ATOLTIOELS TV 0eOeEVADV
Kot M embopio aveEaptnTonoinons amd SopHOTIKA YLOALH, EGTPEYAV TNV ETLGTNLUN TNG

oOaApoAoYiag TPOg AvEDPEST IO TTLO IKAVOTIONTIKNG AVOTG.

To evdokepatoeldikd Evhepa etvor po oyeTikd kovovpyla LEBodog amoKaTdoToonS TNG
KOVTIVIIG Opaong o€ dtopa pe tpesfoomio. O unyaviopodg opdong eivat dtopopetikdg,
avaAoya [Le TO LOVTELD TOV EVOEUATOC: SAUOPP®OT] TNG KAUTVAOTNTAG TOV KEPATOEIOOVG,

pin-hole effect 1 dtwbrhacTiKn enidpacn.

To évBepa Presbia Flexivue Microlens® givat évag d1dpavog, vopopilog dioKog pe 3yt
dwapetpo ko mepimov 15um mwéyog. H kevipikn {ovn tov 1.6 yik. eivon yopic 0100AacTiKn
1oy0 (TAGvo) evd M meprpepikn (ovn Exet Betikn dtbAaotikn 16x0. To évhepa S100éTet
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SMAOEGTIOKO OTTIKO GUGTILO TO 0010 AEITOVPYEL O TPOTOTOMNUEVT LOoVOOpaoT) (Smart
monovision). To tovveA 6to omoio Tomobeteiton To £vBepa dNUOVPYEITOL GTO GTPMUA TOV

KEPATOEWOOVG TOV UN Kupiapyov opOaipov e xpnon tov femtosecond laser.

YKomog: To eMOTNUOVIKA EPMOTNOTO TOV KOAEITOL VO TAVINGEL QLT 1| LEAETT €ivor M)
AGPAAELD KO OTOTEAECUATIKOTNTO TPLOV HEBOd®V GuVOLOGHOD TG £vOEGNC TOV
Swbrhaotikod evookepatoedikoy pkpoeakov Presbia Flexivue Microlens® pe eyyeipnon tov

KOTOPPAKTY, KAO®DG KOl Ol EMMTMOCELS GTA YOPOUKTNPIOTIKA TNG LOKPIVIG KO KOVTIVIG

Opaone.

TomoOeoia: H perém mpaypatonombnke oto BEMMO (Bapdivoyidvvelo Epyactiplo
Metapooyedoewv kot Mikpoyepovpykig Oebaipol)/Tatpikn Xyxoin avemotnpiov Kprtng

kat otnv OpBaiporoyikn kKAwvikn tov [oavemomnpiakov Nosokopeiov Hpaxieiov.

Yyedwaop6g: Avth glvol Lo GUYKPITIKT TAOTIKY] LEAETT).

Me0Bodoroyia: H perét avt meprhappavel tnv appotepdmievpn yxeipnon tov
KaTappakTn He TomofETNON EVOOQUKOV Kol LOVOTAELPT £VOEST) TOV EVOOKEPATOEIGIKOV
HIKPOPOKOoD GTo [N Kupiapyo oeBoApd. Zopumepnednkay 15 acbeveic yopiopévol og 3

OAOES, 01 00101 TANPOVV OAL TOL KPLTH PO GCULUETOYNG.

Xy opdda I, mpdTa mpaypatonomOnke n dnpovpyio 1oV KEPATOEWOIKOD TOVVEA, TPEIG UVES
apyoTEPO M EYYEIPNON TOL KATAPPAKTY QAUPOTEPOTAEV PO KO TPELG UVES LETEL, 1| EVOEGT TOV
EVOOKEPATOELKOV eVOENOTOC. XNV opdda 11 Tpelg nuépeg Katomy TG dNUovpyiag Tov
TOUVEL Kot £vOEONG TOVL EVOOKEPATOEIOKOV EVOELATOC GTO [N KLPiapyo opOaANO,

TPOYLOTOTOONKE 1 ApPOTEPOTAELPN EYYEIPMOT TOL KOatappdKkTn. Ztnv opdoda I Tpeig



HVES LETA TNV OUPOTEPOTAELPT] EYXEIPNON TOL KATAPPAKTT TPAYLOTOTOUONKE 1|

dnpovpyio Tov ToHVEL Ko £vBeom Tov evBEpaTOC.

Kotd ) d1bpketa g dmdekaunvng mapakorovonong peretndnkay ot petaforés ot
StabAaon Kot onTikn 0EHTNTA TOGO Y10 TNV KOVTIVI] OGO KoL Y10, TV HLOKPvY Opacn, Kobmg
KOl 01 HETOPOAES GTNV TOTOYPOPIO TOL KEPATOEWOVS, TNV EVOOEOAALLL TiEOT TMV
YEPOVPYNUEVOV 0QOAAL®Y, TOV 0plOLO TV EVOOONMAK®OV KUTTAP®V, TNV TOYVUETPIO TOV
KEPATOEWOVG 0TV evacOnacia g emTEWVNG avTifeong, KaBOS Kal To EpOTNUATOAOY IO

Kavomoinong tov acfevav.

Amnoteréoparto: Addeka pnveg kotomy Evheons tov evhépatog n péom un dtopbopévn
OTLTIKY] 0EVLTNTA Y10, TN LAKPIV] OPOICT) GTO XEPOVPYNLEVO 0QBaALS Ty oty opdda 1 0.18
logMAR (20/32), otnv opdada 2 0.16 logMAR (20/32) kot otnv opdda 3 0.12 logMAR
(20/25). H péon un d1opBopévn omtikn oE0TNTO Yoo TV Kovtvi Opaot PeATiodnke o OAeg
T1g opddeg o€ 0.08, 0.10 ko 0.06 logMAR, avtictoryo. H svaicbnoio ot potevn avtiBeon
NTav TopoOHole HETOED TOV OUAO®MV GE CKOTOTIKEG Kot LeGOTIKEG cuvOnkec. H evéopBdaiua
mieon, 0 apBpog TOV EVOOIMALIK®Y KUTTAP®VY TOV KEPOUTOEWDOVS KO 1] KEVIPIKY| TOXVUETPIO
TOV KEPATOELWDOVS TV YELPOVPYNUEVOV 0POUAUDV OEV TOPOVGINGOV CUAVTIKT S10POPE
petald tov opddwv. ‘Eva ypdvo HETA TNV ELPVTEVCT] TOV SIOAACTIKOD EVOOKEPATOEIOKOD
evBéparoc 14 and 15 acbeveic yopaxtplav v S0EOaAUN Lakpivi] KaBOS Kol TNV KOVTIVN
OpaoT MG APLOTN. AV TPOEKLYAV SIEYYEPNTIKEG 1 LETEYYEPNTIKEG EMTAOKEG EVOL XPOVO LETA

mv enéuPoon.

Yvpmepaopata: To evdokepatoeldikd Evhspa Presbia Flexivue Microlens® cg cuvévacud

He TV gyyeipnon tov KatappdKTn QoiveETOL Vo, GLVIGTA L0l ATOTEAEGUOTIKY] KOl OGQOAT
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YEPOVPYIKT TEXVIKY] Y10 ATOKATAGTOON TNG KOVTIVHG Opaong. Ot Tapdpetpot Tov
peietnOnkayv dev mapovosiacav wiaitepn dtpopd petald towv 3 pebddwv. To
EVOOKEPATOEWKO £VOELN TPOGEPEPE EVKPIVI] KOVTIVI] OPOGT), VYNAO EMITEIO KOVOTOINGONG

TOV 000EVOV KOl YILO TOGOGTO QOAANYG OO TO KOVTIVE YVOALA.
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Introduction

Cataract is the commonest cause of reversible loss of useful vision worldwide. Treatment of
cataract consists of surgical removal of opacified crystalline lens. Currently, the procedure of
choice for cataract surgery is extracapsular cataract extraction with phacoemulsification
followed by intraocular lens (IOL) implantation. ' The major drawback of crystalline lens
removal is the loss of its accommodative ability. Traditionally used monofocal intraocular
lenses provide exquisite visual acuity at a single, fixed focal length. Thus, correcting the
distance vision, patient will require spectacles for near. Increased patients’ demands for both
distance and near vision and spectacle independence have forced ophthalmologists to search

for new solutions.

As a response to this challenge, a technique called monovision has been developed. In this
technique the dominant eye is corrected by monofocal IOL for distance and the non-dominant
eye for near vision. The main disadvantage of the monovision method is loss of binocularity

. 45
and stereopsis.™

Multifocal IOLs form another treatment option, resulting in satisfactory vision, for both
distant and near, without the use of spectacles. This is accomplished, due to the lens
multifocality, which creates a range of optical foci, near, distant and intermediate. Multifocal
IOLs provide functional vision for all distances, but at the same time they create quality
problems such as reduced contrast sensitivity and photic phenomena such as glare, halo and

problematic night vision.®’.
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Accommodative IOLs were suggested to provide satisfactory vision for all distances by
restoring some degree of “pseudoaccommodation”. Their function is based upon the
movement of the lens in the capsular bag, following accommodative effort. Comparative
studies show that accommodative IOLs offer similar distant vision as the monofocal IOLs,
improved near vision during the first 6 months after implantation, but loss of this effect in the

first year due to capsular opacities.* "’

Even though the procedures and techniques mentioned above have undeniable value,
contemporary ophthalmology has not completely answered the pseudophakic-presbyopic
dilemma. There is still a need for a safe, effective and reversible surgical technique with a

short adaptation time for patients.

Intrastromal corneal inlays are a relative new modality for presbyopia correction. Currently,
there are three different types of the commercially available inlays, which use different
mechanisms to compensate for accommodation loss: increase of the depth of field by fixed
small aperture, reshaping inlays that make changes of anterior corneal curvature and

refractive inlays that alter the index of refraction using a bifocal optics.

However, the possibility of implanting a corneal inlay where there is monofocal lens cataract
surgery offers a surgical solution for patients troubled by pseudophakic presbyopia. It is
possible to consider differing combinations of techniques for implantation of the refractive
corneal inlay and the cataract surgery. Having the dominant eye with a clear distance focus
unaided is a critical step and adding the inlay to the non-dominant eye is the aim to improve

near visual acuity in pseudophakic patients.

15



The purpose of this study is to evaluate safety and efficacy of three different techniques of a

combined cataract and refractive corneal inlay implantation surgery over a 12-month follow-

up.

16



Presbyopia and accommodation

Presbyopia is the most common refractive disorder of later life, related to decrease of
accommodative amplitude. Scientists have studied the change in the eye's ability to focus
(amplitude of accommodation) in relationship to age. They have found that the amplitude of
accommodation declines in a linear fashion with age and that this decline occurs universally

and predictably.

e —— -*,4_____', emmetropic eye,

K{i— distant object

\ emmetropic eye,

[ T _fK_ ———a— close object
t j (unaccommodated)

emmetropic eye,
close object
(accommodated)

lers lemg thened

Figure 1. Accommodation in emmetropic eye

Some 4 million new patients emerge as presbyopes in the U.S. population each year ''. In
emmetropes and hyperopes, it is usually manifested at 40 years of age by the need for reading
with glasses or contact lenses. Despite its ubiquity and high annual costs, the underlying

cause(s) of presbyopia remain unclear.

17



The Helmholtz accommodation theory is based on the assumption that the ciliary muscle
diameter change during accommodation is responsible for the change in shape of the lens.'”
During accommodation, the ciliary muscle contracts and thus the lens diameter is reduced. In
this state, the zonula fibers can relax and the lens shape becomes more spherical. The
curvature radii of the anterior and the posterior lens surface both decrease, leading to an
increase in refractive power. In cycloplegia, the lens is flattened due to the radial tension of

the zonula fibers, and hence the refractive power of the lens is diminished.

Coleman and Fish assumed that the lens, together with the zonula fibers, form a diaphragm,
which is held in a catenary shape due to the pressure difference between the aqueous and
vitreous bodies of the lens."” The diameter change of the ciliary body changes the span of this
catenary. Thus, the anterior curvature radius is also changed. According to the Coleman
theory, a continuous pressure difference acts on the lens, which was measured in primate
eyes. The magnitude of this pressure difference is about 2.3 cm of water column, with major

changes occurring during the initial seconds of the accommodation phase.

Schachar et al. have recently proposed an alternative accommodative mechanism for the
primate eye that is similar to a theory originally proposed by Tscherning. '*'*> Both theories
state that the equatorial zonules insert into the anterior ciliary muscle at the root of the iris and
the anterior and posterior zonules insert into the posterior ciliary body. Schachar and
Anderson alleged that during ciliary muscle contraction, through the action of the radial and
longitudinal fibers, the anterior portion of the ciliary muscle curls toward the sclera at the iris
root.'® This movement increases tension on the equatorial zonular fibers while releases

tension on the anterior and posterior zonular bundles.

18



Whereas the term presbyopia refers to the age-related decrease of accommodation, the term
pseudophakic presbyopia describes the loss of accommodation caused by removal of
crystalline lens and its replacement with an artificial intraocular lens which is the usual

practice in cataract surgery.

19



Cataract

WHO estimates that there are 180 million visually disabled people worldwide, and 4045
million of these are judged to be without useful vision—ie, they are unable to walk about
unaided.'” An estimated 46% of these cases are the result of cataracts. The worldwide burden
of visual impairment is increasing as a result of both growth and ageing of the population.

Since cataract is primarily an age-related disorder, the prevalence could double by 2020."

Aetiology and types of cataract

The aetiology of age-related changes in the lens is not fully understood and is likely to be

multifactorial.'*°

There are three main types of age-related cataracts defined by their clinical
appearance: nuclear, cortical, and posterior subcapsular. They can present alone or in

combination. Typically the changes are bilateral, but they are commonly asymmetrical.

Risk factors and prevention

A growing body of research has addressed risk factors that might contribute to the
multifactorial nature of cataract development and preventive factors that might retard their
growth 2'* Personal factors, such as increasing age, have been repeatedly associated with
nuclear and cortical opacities. Ethnic variation has been reported, associated with different
cataract types and varying prevalence rates. Genetic factors could account for as much as 50%
of the severity of nuclear cataract and could be important in the development of cortical
cataracts also. Many studies have suggested that women are at slightly greater risk than men
of cataract development, and there is conflicting evidence of a possible beneficial effect from

hormone replacement therapy in postmenopausal women.

20



Cataractogenesis is associated with cigarette smoking, exposure to sunlight, alcohol use,
nutritional supplements, and lower education. Many of these factors are associated with other
health problems, so are of general public-health interest. Common medical problems have
also been associated with cataract development, such as obesity, diabetes, hypertension,
diarrhoea, dehydration, steroid use, and use of systemic medications. Published
epidemiological research on ultraviolet exposure and lens opacities strongly suggests that
exposure to ultraviolet B causes cortical cataract changes.” Systemic corticosteroid use has
been strongly associated with posterior subcapsular cataracts, whereas the data for inhaled

. . . 2425
corticosteroids are mixed.”™”

Management

In general, a cataract is only clinically relevant if the patient's visual function has declined
substantially. A patient presenting with a gradual decline in visual function suspected to be
due to cataract must have a comprehensive eye examination, including refraction,
measurement of intraocular pressure, slit-lamp examination, and a dilated fundus
examination. Other causes of reduced vision such as refractive error, glaucoma, diabetic
retinopathy, and age-related macular degeneration must be ruled out. Cataract surgery is
elective; typically, the indication for surgery is the patient's visual needs. Currently, there is

no method to reverse or delay cataract development.

Cataract intervention has always required surgery. Couching is one of the oldest surgical
procedures, dating back to 800 BC; it involves use of a needle to dislocate the lens backward
and downward into the vitreous cavity.*® This procedure, with a high complication rate, is

now used only in places with limited access to surgical equipment and skilled care. By the
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mid-18th century, surgeons had started to use intracapsular cataract extraction, the removal of
the entire lens with its capsule through an incision created at the junction of the cornea and
sclera. In the second half of the 20th century, when intraocular lenses were developed to
replace the extracted natural lens, extracapsular cataract extraction with preservation of the
posterior portion of the lens capsule was refined.”’ Intracapsular cataract extraction is still
done nowadays, but it is generally indicated for difficult or complicated cases, such as a partly

dislocated lens.
Extracapsular cataract extraction without phacoemulsification

The extracapsular procedure involves careful removal of the anterior lens capsule, delivery of
the lens nucleus through an incision at the junction of the cornea and sclera, and aspiration of
the residual cortical lens material. This procedure leaves the posterior lens capsule intact
along with the equatorial zonular attachments—the capsular bag. The preservation of the

capsular bag facilitates better anatomical location of an implanted intraocular lens.
Phacoemulsification

Phacoemulsification, first developed by Kelman in 1967, is currently the procedure of choice
for the surgical management of cataracts.”® It can be viewed as a modified form of
extracapsular cataract extraction. It also means that much of the capsular bag is left intact.
The key difference is that, rather than delivering the whole lens nucleus through a large limbal
incision (between the cornea and the sclera) about 11 mm wide, a high-frequency ultrasonic
probe is inserted through a smaller corneal incision (about 3 mm) and energy is delivered to
emulsify the lens nucleus inside the eye. The fragments are subsequently aspirated through

the same probe.
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Figure 2. Illustration of surgical steps during cataract surgery with phacoemulsification 1)
cloudy lens - cataract, 2) cataract removal-phacoemulsification, 3) IOL implantation, 4) IOL

in place

From the points of view of refraction and postoperative wound care, the smaller the incision,
the fewer the complications, such as collapse of the contents of the eye during surgery and
suture-induced astigmatism. One of the challenges of a smaller incision that was initially
encountered was that many replacement intraocular lenses exceeded the size of the incision.
This problem was overcome by the development of the foldable intraocular lens; it has a
diameter of 6 mm but can be folded and inserted through a 3 mm incision. Most
phacoemulsification incisions today are 3 mm or less. The search continues for innovations

that allow easier manipulation of intraocular lenses through even smaller incisions. The
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smaller incision in phacoemulsification also allows for the maintenance of a near-normal
anterior chamber during surgery, decreasing the risk of prolapse of the iris and leakage of

vitreous humour into the wound.

Complications are generally classified as intraoperative or postoperative, though the latter are
frequently related to the former. The effect of a complication varies widely from delay in
visual recovery or protracted ocular discomfort to devastating visual consequences and even
loss of the eye.”° Nearly all reported complications occur rarely, under 2% of eyes, except

for posterior capsule opacification, which occurs in about 25% of eyes.
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Intraocular lenses

Replacement of the cataractous lens with an intraocular lens is the most common form of
refractive surgery used today. By choice of an intraocular lens power, the pre-existing
refractive error of the eye can be corrected. The development of the modern intraocular lens
began in 1949 when Ridley, looking for a lens-replacement substance, noted that fragments of
shattered Perspex canopies that had penetrated the eyes of Royal Air Force pilots during
World War II had remained inert.’' Through the years the intraocular lens has undergone
many changes in its design and materials (such as acrylic, silicone, and polymethyl
methacrylate). The essential decision is selection of the appropriate lens power for the
intraocular lens. This selection is achieved through simple preoperative testing involving A-
scan ultrasonography, which measures the axial length of the patient's globe, and keratometry,
which measures the curvature of the corneal surface. Values from these two tests are inserted
in formulae created from regression analyses, which can predict the approximate refractive
power of the intraocular lens required, depending on its location inside the eye—posterior

chamber (within the capsular bag) or anterior chamber (in front of the iris).

The two basic types of intraocular lens differ in design according to their intended location
within the eye. Posterior-chamber lenses are overwhelmingly more frequently used than
anterior-chamber lenses in cataract surgery today. A posterior-chamber lens is routinely
placed within the intact capsular bag of the posterior lens capsule, in the remnant of the lens
capsule purposely left in place in extracapsular cataract extraction done with or without

phacoemulsification.
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Monovision technique

Monovision is a frequently used technique, and it is used in patients with presbyopia before
refractive surgery in preferred practice patterns (PPPs) as recommended by the American
Academy of Ophthalmology (AAO).** In recent years, monovision design has been adopted
in laser corneal refractive surgery and conductive keratoplasty or diode laser thermal
keratoplasty to correct presbyopia.>>~® Pseudophakic monovision is a type of monovision
used in lens surgery (most are cataract surgeries) to correct postoperative presbyopia by

programmed refractive error from biometry calculations.

In monovision design, one eye is corrected for distance vision and the other eye for near
vision. In clinical practice, traditional (or conventional) monovision is where the dominant
eye is corrected for distance and the non-dominant eye is corrected for near vision. The reason
for this could be that it is easier to suppress blurred vision in the nondominant eye than in the
dominant eye. There is another design called cross monovision, in which the dominant eye is

corrected for near vision and the non-dominant eye is corrected for distance.

Although frequently used, the monovision technique has its drawbacks. Some visual
functions, such as stereopsis, contrast sensitivity and visual fields, can be reduced after

monovision correction.
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Multifocal Intraocular Lenses

Apart from strategies to provide intraocular lenses with a dynamic optical power or position
within the optical system, IOLs can be designed to provide 2 or more fixed optical powers.
So-called multifocal IOLs have been designed to result in 2 or more coexisting retinal images
in which only the image corresponding to the distance or near focal point is sharp. This
concept is known as simultaneous vision, 15 although simultaneous imaging would be a more

appropriate term. Multifocal IOLs have 2 or more fixed adapting focal points.

The earliest multifocal IOLs were introduced in the late 1980s.>"* Multifocal IOLs using
refractive, diffractive, and combinations of both optical principles have been developed.
Refraction is based on a change in direction of the light ray due to a change in the optical
density of the material transmitting the light ray. Diffraction is based on the observation that
light that encounters a discontinuity or edge in the material in which it travels scatters in
numerous directions. Light energy arriving at an edge or discontinuity can thus be divided
over 2 or more focal points, similar to refractive IOLs. Both effects were described by Fresnel
in 1822 when working on lenses for lighthouses and can be used to design IOLs with multiple

focal points.”

More recently, so-called aspheric multifocal IOLs have been introduced. In these IOLs,
optical properties of the IOL have been altered to decrease higher-order aberrations (HOAS)
of the total optical system, primarily by compensating for the increased spherical aberration of
the cornea in older subjects.*’ Studies comparing aspheric and spherical monofocal IOLs have
reported superior visual performance of aspheric IOLs compared with their spherical

counterparts, especially with respect to mesopic visual acuity and contrast sensitivity. In the
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case of multifocal IOLs, implantation of aspheric IOLs has been found to result in superior or

equal visual performance compared with their spherical counterparts.*'
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Figure 3. Light paths simulation through accommodating vs. multifocal intraocular lenses

Apart from refractive versus diffractive designs and spherical versus aspheric designs,
multifocal IOL designs can be described as pupil dependent or pupil independent. In zonal
refractive designs and designs with a central diffractive structure, the division of the light
energy is dependent on pupil size. Intraocular lens designs with a similar peripheral and

central optical zone are pupil independent.
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Currently there are three multifocal IOLs (ReZoom; AMO, Santa Clara, California, USA; and
ReSTOR and aspheric ReSTOR; Alcon Laboratories; Fort Worth, Texas, USA) in the United
States approved for the correction of aphakia and presbyopia. ReZoom is a distance-dominant
zonal-progressive refractive lens with a variation in distribution of light energy between near

and far that is pupil dependent. The ReSTOR and aspheric ReSTOR feature hybrid refractive-
diffractive lens designs with a central 3.6-mm apodized optic region harboring 12 concentric

diffractive zones on the anterior surface, thereby creating a light energy continuum directed at

two primary foci.

Figure 4. Diffractive multifocal IOL - ReSTOR
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Accommodative Intraocular Lenses

Ideally, an IOL would allow the presbyopic patient to regain his or her ability to
accommodate. Although refilling the capsular bag with a clear but elastic substance would
theoretically lead to the desirable result, experiments in this area have been unsuccessful.
Similarly, a change in position of the IOL or parts of it within the optical system would
change the optical power of the optical system as a whole, thus providing the patient with the
ability to accommodate. Ultrasound studies have shown changes in the position of
accommodating IOLs within the optical system in response to physiological or
pharmaceutical stimuli, although other studies have not found significant movement of these

I0Ls.*

Several different IOL designs have been developed with the hope of restoring accommodation
when implanted in eyes that have undergone lens removal. They can be grouped into three
different categories on the basis of their design: 1. single optic plate-style hinged lenses; 2.

thin optic lens systems; 3. capsule-filling devices.

There are currently two plate-style single optic hinged lenses that are in development. The
AT-45 IOL, also known as the Crystalens IOL (EyeOnics; Aliso Viejo, California), is a
silicone lens with a modified three-piece haptic. The Crystalens is an accommodating lens
that may function through a combination of accommodative and pseudoaccommodative
mechanisms, including accommodative lens arching that creates a central refractive power
gradient. It is designed to allow axial movement of the lens in an anterior-posterior direction,
with the intent of providing vision at near and intermediate-in addition to distance-based on

the relative location of the lens in the eye.
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Figure 5. Crystalens HD accommodative intraocular lens

The other hinge plate style lens currently under development is the Human Optics AG
Akkommodative 1CU Accommodative IOL design (Erlangen, Germany). The 1CU posterior
chamber IOL is a foldable single-piece lens, made of a hydrophilic acrylic material, with an
ultraviolet filter and a 1.46 refractive index. It has a spherical optic that is 5.5 mm in diameter
and an overall diameter of 9.9 mm. Like the AT-45 IOL, the 1CU lens has a hinge-like

design, which allows for the forward movement of the optic when the ciliary body contracts.

The Synchrony lens, developed by Visiogen Inc. (Irvine, California) consists of a +30 D lens
that moves anteriorly and a fixed minus lens that is located posteriorly. The two optics are
connected to each other by spring-loaded haptics. The lens is made in one piece out of
silicone and has the following dimensions: 2.2 mm thick, 9.5 mm in length, 9.8 mm in width,
and an optic size of 5.5 mm. This lens is expected to be able to produce 2.0 D to 2.25 D of

accommodation.
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Figure 6. Synchrony - dual optic accommodative IOL

As opposed to psychophysical evaluation techniques, laser interferometry measures what shift
lenses are designed to provide: axial shift on accommodative effort. While under pilocarpine
some movement was recorded, no movement at all was found under near-point stimulation
with any of the lenses currently marketed. The near vision findings with these lenses could be
explained by pseudoaccommodation. The phenomenon of pseudoaccommodation is thought
to originate from extralenticular sources. These factors may include slightly myopic end
points post-IOL implantation, corneal myopic astigmatism, or an increase in depth of focus,

resulting from small pupil sizes.

Dual optic implants significantly increase the impact of axial optic shift. The main potential
problem, however, is delayed formation of interlenticular regenerates. Lens refilling

procedures offer the potential of fully restoring accommodation due to the great impact of
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increase in surface curvature on refractive lens power. However, various problems remain to
be solved before clinical use can be envisaged, above all, again, after-cataract prevention. The
concept of passive single-optic shift lenses has failed. Concomitant poor capsular bag
performance makes these lenses an unacceptable trade-off. Magnet-assisted systems
potentially combine clinically useful accommodation with satisfactory after-cataract
performance. Dual optic lenses theoretically offer substantial accommodative potential but
may allow for interlenticular after-cataract formation. Lens refilling procedures have the
greatest potential for fully restoring natural accommodation, but will again require years of

extensive laboratory and animal investigations before they may function in the human eye.
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Intracorneal inlays

One of the great achievements in the history of refractive surgery was the development and
adoption of corneal inlays to treat presbyopia. One of the early approaches for presbyopia
correction was additive refractive keratoplasty, in which human donor material was added to
corneal tissue to change the refraction.” Furthermore, Barraquer introduced the idea of
corneal inlays in the late 1940s, initially as a treatment for aphakia and high myopia. These
early inlays were made of flint glass or polymethyl methacrylate (PMMA) and succeeded in

treating the refractive error, but to the cost of corneal necrosis and implant extrusion.***

Dohlman et al. introduced the use of hydrogel polymers as corneal inlays to improve nutrient
and metabolic gradients in animals.*> Materials improved over the years, and finally Steinert
introduced a well-biocompatible lens for aphakia: the Kerato-Gel lens (Allergan, Inc., Irvine,

CA, USA), one of the precursors of modern corneal inlays.*

At the moment, there are three different types of corneal inlays commercially available. There
is the group of refractive inlays that alters the index of refraction by the means of a bifocal
optic (the Presbia Flexivue Microlens™ (Presbia Codperatief U.A., Irvine, CA, USA) and the
Icolens™ (Neoptics AG, Hiinenberg, Switzerland)), the group of reshaping inlays that makes
changes in corneal curvature (the Raindrop® Near Vision Inlay (ReVision Optics, Lake
Forest, CA, USA), and finally the third group of inlays that relies upon the principle of small-
aperture optics to increase depth of focus (the KAMRA™ inlay (AcuFocus Inc., Irvine, CA,

USA).
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The Raindrop inlay

The Raindrop corneal inlay is a clear, permeable, positive meniscus-shaped hydrogel implant.
It has a diameter of 2 mm, a center thickness of 32 um, and approximately the same refractive
index as the cornea. Therefore, the inlay has no intrinsic refractive power itself, but it alters
the eye’s refractive power by increasing the central radius of curvature of the cornea
overlaying the implant. Because the inlay is thinner at the edge than in the center, the increase
in anterior corneal height transitions from the region anterior to the inlay diameter through an
intermediate region and back to the unaltered cornea. It thus creates a hyperprolate corneal
shape, resulting in a multifocal cornea. The hydrogel material used for the implant is highly
permeable and allows for the free passage of oxygen and nutrients, therefore ensuring stable
corneal conditions. As it is the case for the other inlays, the Raindrop is implanted in the
nondominant eye, but relatively shallowly in the cornea (130—150 um). At the moment, there
are two peer-reviewed articles on the Raindrop inlay that have reported on the use and results

following implantation of the Raindrop.

- - 2Zmm »J

32um

Figure 7. Raindrop intracorneal inlay
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Garza et al. and Chayet et al. used keratotomy according to their standard clinical procedures
and created a flap with a diameter greater than 8 mm and a depth of 130—150 um using a
femtosecond laser.*”* The Raindrop inlay was placed in the stromal bed by the inserter
provided by the manufacturer and correctly positioned over the center of the pupil. Finally,

the flap was replaced over the inlay on the corneal bed.

Garza et al. reported their results 12 months after implanting the device in 19 presbyopic
emmetropes. One hundred percent of patients achieved UNVA of 0.2 logMAR or better in the
operated eye. The mean UNVA was better than 0.1 logMAR at all visits, including the final
follow-up after 12 months. One hundred percent of patients achieved a binocular UNVA of
0.18 logMAR or better. By 1 month postoperatively, mean binocular UDVA was 0.01

logMAR and remained at this level or better until the last postoperative visit.*’

Chayet et al. presented the results of 16 hyperopic presbyopic patients implanted with the
Raindrop inlay immediately after the laser corneal correction of the hyperopia. The mean
UNVA in the implanted eye was 20/21 (Snellen) £0.04 (logMAR) after 12 months. The mean
uncorrected intermediate visual acuity (UIVA) was 20/26+0.07 and the UDVA was
20/3140.14 after 12 months. The mean binocular UNVA was 20/21+0.03 after 12 months.
The mean binocular UIVA was 20/26+0.08, and the mean UDV A was 20/19+0.11 after 12

48
months.
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The KAMRA inlay

The KAMRA inlay is the one inlay that has been studied the most among its class. The
current generation of the inlay (model ACI7000PDT) is a 5 pm thin microperforated artificial
aperture, with a total diameter of 3.8 mm and a central aperture of 1.6 mm made of
polyvinylidene fluoride with incorporated nanoparticles of carbon. The opaque permeable
material has a light transmission of 6.7%; it further features a pseudorandom microperforation
pattern consisting of 8,400 holes ranging in size from 5—11 um in diameter to allow water and

nutrition flow in order to prevent corneal thinning and epithelial decompensation.

Based on the pinhole effect, the inlay increases depth of focus and consequently improves
near and intermediate visual acuity. The KAMRA does not split light between near,
intermediate, and distance focal points. The patient, therefore, maintains his binocular
summation despite the monocular implantation in the nondominant eye. The inlay is
implanted in the non-dominant eye to improve near and intermediate visual acuity with

minimal compromise to distance vision.

Inlay implantation is now usually performed in a lamellar pocket that is 220 pm or deeper,
created with a full-spectrum laser using a 6x6 spot/line separation or the equivalent. It used to
be inserted under a shallower flap (170—180 um). If the procedure is combined with LASIK, a
dual interface technique is used. First, the excimer laser correction is performed under a thin
flap; secondly, the inlay is implanted at least 100 pum below in a pocket interface. The inlay is

always inserted directly in the line of sight.
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Tomita et al. have published the two largest reported series with any presbyopia correcting
inlay to date. In one study, 223 eyes were implanted with the current version of the KAMRA
inlay (all eyes had received LASIK treatment before).* In an earlier study comprising 360
eyes (180 patients), simultaneous corneal inlay implantation and LASIK were performed for
presbyopia in patients with hyperopia, myopia, or emmetropia.”’

B 400 holes
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Figure 8. KAMRA intracorneal inlay

The first study enrolled 223 eyes (223 patients) with a mean age of 53.6 years (range: 44—65
years) and a mean manifest spherical equivalent of —0.18 D (range: —1.00 to +0.50 D). The
mean UDVA in the operated eye decreased one line from 20/16 preoperatively to 20/20 6
months postoperatively (P<0.001). The mean UNVA improved four lines from Jaeger (J) 8—
J2 (P<0.001). At 6 months, significant improvements were observed in patient dependence on

reading glasses and patient satisfaction with vision without reading glasses.*’
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In regard to long-term results, Yilmaz et al. published data on a 4-year follow-up on 39
patients, Seyeddain et al. published 3-year follow-up data in 32 patients, and Dexl et al.
published 5-year follow-up results in 32 patients.”'* All three studies showed safe and good
results for the prior generation of the KAMRA inlay. Mean UNVA in the 3-year and 4-year
follow-up studies was J1 with 96%—-97% of treated eyes seeing J3 or better. Preoperative and
postoperative binocular UDVA did not change significantly. Intermediate visual acuity was

found to be satisfactory with this device, with 91% of patients being able to see at least 20/32.
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The Icolens inlay

The Icolens™ (Neoptics AG, Hiinenberg, Switzerland) is a hydrogel microlens with a central
zone for distance vision and a peripheral zone for near vision correction. The 3.0 mm inlay
has a bifocal design with a central zone for distance and a peripheral positive refractive zone
for near. The central zone has a diameter of 1.8 mm, an edge thickness of 15 um, and a 150
um central hole to facilitate nutrient flow. It is manufactured using a copolymer of 2-

hydroxyethyl methacrylate and methyl methacrylate, both of which have hydrogel properties.
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Figure 9. Icolens intracorneal inlay

Standard pocket-creation software settings of the Femto LDV femtosecond laser were used
for pocket creation. Different suction ring sizes were used to account for patient-specific
variations in physiognomy (eg, white-to-white distance). The pocket incision was always

temporal, starting approximately 0.8 mm from the limbus and ending 1.7 mm beyond the
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centration point. Pocket tunnel entry and the pocket bed had a diameter of 3.6 mm, and
pockets were created at a depth of 290 pm. After pocket creation, the preloaded device was
inserted into the corneal pocket until the hole located on the leaves was centric to the mark on

the cornea.

Baily et al published recently one-year results of the Icolens inlay implanted in 52 patients.>*
The mean uncorrected near visual acuity (UNVA) in the surgical eye improved from
N18/N24 preoperatively to N8 postoperatively; all patients had a UNVA of N16 or better and
9 (17%), of N5 or better. The uncorrected distance visual acuity (UDVA) in the surgical eye
increased from 0.05 logMAR + 0.12 (SD) preoperatively to 0.22 = 0.15 logMAR
postoperatively. There was a mean loss of 1.67 = 1.77 lines of UDVA. Binocularly, there was
a mean gain of 0.48 £ 1.16 lines of UDVA postoperatively, with 22 patients (42%) gaining
more than 1 line. The mean loss of corrected distance visual acuity postoperatively was 1.78 +

1.04 lines.
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Materials and Methods

Importance of the study

During the past decades there has been an increased demand for spectacle independence in
patients after cataract surgery. Several methods on corneal, lenticular and scleral level have

been proposed for compensation of the accommodation loss after cataract surgery.

Recently, an intracorneal inlay was introduced as a method for improving near vision in
patients with presbyopia. The intracorneal inlay is placed under a corneal stromal flap or

inside a stromal pocket made by femtosecond lasers.

The Presbia Flexivue Microlens® inlay (Presbia Codperatief U.A., Irvine, Amsterdam,
Netherland) is a refractive intracorneal inlay. The lens has a bifocal optical system which acts
as modified monovision and is inserted into an intrastromal corneal pocket made by a
femtosecond laser in the non-dominant eye. Recent studies support the efficacy and safety of
the Presbia Microlens® corneal inlay for the treatment of presbyopia in patients with clear

crystalline lens.”>°

This is the first study to describe and compare three techniques of cataract surgery and
refractive corneal inlay combination, as a new method for near vision improvement in

pseudophakic patients after cataract surgery.
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Study questions and objectives

The questions regarding combined refractive inlay implantation and cataract surgery to which

this study is to give answers are:

1. Could this method compensate presbyopia in pseudophakic patients?

2. Is this method of presbyopia compensation safe?

3. Are the results stable?

4. Are the patients satisfied with their vision?

5. Which one of three studied techniques provides the best results?

Objectives of this study are:

- to implant the refractive Microlens inlay and perform cataract surgery in patients
using three different combination technique
- to follow up patients for at least 12 months

- to analyze safety and efficacy of the techniques during this period
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Clinical Hypothesis

The working clinical hypothesis for this study is that implantation of the refractive inlay of
the appropriate power in the non-dominant eye provides functional near vision in
pseudophakic patients. The lens is placed in the center of the cornea corresponding to the

visual axes in a corneal pocket created by femtosecond laser.

Purpose of the study

The purpose of this pilot study is to evaluate and compare safety and efficacy of three
different techniques of combined cataract and refractive corneal inlay implantation surgery
over a 12-month follow-up. Near and distant visual acuity, manifest refraction, contrast
sensitivity and patients’ satisfaction outcomes were evaluated and compared. Furthermore,
astigmatic changes, changes in corneal topography, intraocular pressure measurement and

endothelial cell density were evaluated.
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The Presbia Flexivue™ Microlens

The Presbia Flexivue™ Microlens is a transparent, hydrophilic disc with 3 mm diameter and
approximately 15 pm 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 +1.50 D to 3.50 D in

0.25 D increments. (Figure 10). The lens is implanted inside a pocket of the corneal stroma at

the line of sight of the non dominant eye.
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Figure 10. The Flexivue™ Micro-Lens is a transparent, hydrophilic disc with 3 mm diameter and
approximately 15 um edge thickness depending on the add power. 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 +1.50 D

to +3.50 D in 0.25 D increments.
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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 out of focus in front of the retina (Figure 11a).
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 (Figure 11b). 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.

Figure 11a: During far vision the rays pass through the central zone of the implant (blue line) and
through the free peripheral corneal tissue (interrupted blue line) without the lens added refractive
effect and will be sharply focused on the retina, whereas the rays which pass through the refractive
peripheral zone (red line) will be focused in front of the retina
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Figure 11b: During near vision the rays passing through the central zone of the implant (blue line) will
be out of focus behind the retina and the rays passing through the peripheral clear cornea will be
blocked by the pupil (interrupted blue lines) .The rays passing through the peripheral refractive zone
(red lines) will be focused on the retina
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Study design

This comparative pilot study was conducted at the Institute of Vision and Optics, University
Hospital of Crete, Greece. Patients who met the selection criteria were randomly divided into

three groups of five patients.

In Group 1 a “three-step” technique was performed: step one, an intra-corneal femtosecond
laser pocket was created in the non-dominant eye and the stroma was separated using a
spatula; step two, three months later bilateral cataract surgery was performed; step three, three

months afterwards, the pocket was re-opened and the intracorneal inlay was inserted.

In Group 2 patients had a “short two-step” technique performed: three days after pocket
creation and the inlay implantation in the non-dominant eye, bilateral cataract surgery was

performed.

In Group 3 a “two-step” technique was carried out: three months after bilateral cataract

surgery, the pocket creation and the inlay insertion were performed in the non-dominant eye.

Study population

Fifteen patients scheduled for bilateral cataract surgery and the inlay implantation were
randomly allocated to one of three study groups. To qualify for enrollment in this study, each
candidate was thoroughly evaluated to ensure that they meet all inclusion criteria and that

they do not exhibit any of the exclusion criteria specified in the study protocol.
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Inclusion criteria

Patients must:

. be male or female 50-80 years of age who have nuclear sclerosis of crystalline lens in
both eyes;

. have uncorrected distance vision of 20/32 or worse in the study eye;

. have best spectacle corrected distance visual acuity 20/25 or worse in the study eye;

. have less than 1.50 D of corneal astigmatism;

. have at least 1500 endothelial cells on specular microscopy;

. have cornea with a minimum thickness of 500 pum,;

. have normal and clear cornea, anterior segment, and vitreous media;

. have normal macula and post pole retina;

. be capable of understanding the scope and the purpose of the surgical procedure, its

potential risks and benefits, and is willing to sign an informed consent form;

. have a non-dominant eye that can be determined;
. have a bilateral vision;

. be able to tolerate monovision;

. be able to tolerate topical anesthesia;

49



Exclusion criteria

Patients may not:

. have mature or hypermature cataract that makes fundoscopy difficult;

. have congenital, traumatic or complicated cataract;

. have iris neovascularization;

. have optic nerve atrophy;

. have intraoperative complications during cataract surgery (posterior capsular tear,

haemorrghage, etc.)

. have a history of serious, acute or any chronic ocular disease including but are not
limited to corneal irregularities, pterygium, glaucoma, diabetic retinopathy, macular

degeneration or peripheral retinal disease;

. have amblyopia in the study or the contra-lateral eye;

. have strabismus;

. have a history of congenital or acquired corneal disease;

. have a history of previous ocular surgery;

. have history or predisposition of retinal detachment or diabetic retinopathy;

. have active inflammation of anterior or posterior ophthalmic segment of unknown

aetiology, iridocyclitis, uveitis;
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. have implant(s) or previous corneal incision(s) that may interfere with pocket creation;

. have distorted, non-reactive or decentered pupils; or have photopic diameter <3.0 mm;

or dilate poorly after mydriatic drops instillation;

. have acute or chronic systemic diseases that could increase operative risks or interfere
with ordinary healing process (immuno-compromised, connective tissue disease, uncontrolled

diabetes, any neoplastic disease);

. be taking systemic medication that may interfere with corneal health or with corneal

healing (steroids, antimetabolites, chemotherapy, amiodarone, etc.);

. in the opinion of the investigator have emotional problems that may interfere with
their ability to undergo the procedure or to comply with the postoperative regimen of

treatment and follow-up;

. have severe dry eye;
. if female and of childbearing potential, be pregnant or nursing;
. be using telescopes or microscopes for professional reasons, or be having a high

professional near vision expectations like surgeons, architectures, accountants, professional

athletes or pilots.
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Consenting of prospective patients

Institutional review board approval was obtained and all patients were appropriately informed
before their participation in the study about the possible outcomes and the current clinical
experience, and provided written informed consent in accordance with the institutional
guidelines, according to the Declaration of Helsinki (Appendix 1). All patients were informed
about the potential risks and benefits of the cataract surgery. They were informed about the
inlay implantation procedure and potential complications. They were also informed about
alternative surgical and non-surgical procedures to correct near vision after cataract surgery.
Patients were assured that the corneal inlay is removable and that if they decide to have the

implant removed for any reason, it would have been done at no charge to them.
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Clinical examination

Careful evaluation of the patient’s optical and medical record was performed. Patients who
may have had objective or subjective difficulties complying with protocol schedules and
procedures were not enrolled. Prospective candidates who seemed to be suitable for the study

proceeded to the preoperative evaluation.

Preoperative Examination

The pre-operative examination data included patient age, sex, ocular and general health
history, manifest refraction, uncorrected distance visual acuity (UDVA), uncorrected near
visual acuity (UNVA), corrected distance visual acuity (CDVA), slit-lamp biomicroscopy,
cataract grading (LOCS III), computerized corneal topography and central keratometry with
iTrace (Tracey Technologies, Houston, USA) and Galilei (Ziemer, Biel, Switzerland),
intraocular pressure measurement (Goldmann applanation tonometry), central corneal
thickness measurement (50 MHz [Corneo-Gage Plus; Sonogage Inc, Cleveland, USA]), and
dilated fundus evaluation. Quantitative analysis of endothelial cell density was performed
with Tomey EM-3000 specular microscopy (Tomey Corporation, Nagoya, Japan). Contrast
sensitivity was measured using the Functional Acuity Contrast Test (Stereo Optical Co Inc,
Chicago, USA) in photopic and mesopic conditions (with and without glare), binocularly, and

monocularly.

The IOLMaster® 500 (Carl Zeiss Meditec, Jena, Germany) was used for biometry and SRK-
T formula for intraocular lens power calculations. Targeting refraction was emmetropia in

both dominant and non-dominant eyes. A one-piece aspheric intraocular lens AcrySof 1Q
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model SN6OWF with 6.0 mm optic diameter and 13.0 mm haptic diameter, using an A-

constant of 118.7 was implanted in all eyes.

Visual acuity

Visual acuity was measured for distance and near in LogMar or Snellen equivalent. Scoring
and conversion was performed using standardized forms. Manifest refraction (MR) was
performed for distance and near vision. Uncorrected visual acuity (UVA) and best spectacle
corrected visual acuity (BSCVA) for distance were assessed using an ETDRS chart placed 4
meters from the patient. The chart background luminance was set approximately at 85-120
cd/m2 and cabinet light standardized >120 cd/m2. The information was recorded in LogMar

or Snellen Equivalents.

For near visual acuity the University of Crete (UoC) chart and score table was used
(Appendix 2). UoC chart were placed at 33 cm from the patient to measure UVA and BCVA
for near. A 2000 light source was used at 50 cm from the chart. The information was recorded

in LogMar or Snellen Equivalents.

Monovision selection and trial

For the selection of the non-dominant eye a card with a central hole (25 mm diameter) was
used. Using manifest refraction (MR) for distance the patient looked through the central hole
with the dominant eye. In addition, in order to verify the results, a four dot test was used.
After selecting the non-dominant eye, a monovision trial using spectacles or contact lenses
was performed with an additional power of +1.50 D to MR for distance in the non-dominant

eye. The patient had to try the monovision for at least 30 minutes.
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Contrast sensitivity

Contrast sensitivity was measured using the FACT (Functional Acuity Contrast Test, Stereo
Optical Co. Inc.USA) in photopic and mesopic conditions. In mesopic conditions contrast
sensitivity was measured with and without glare, binocularly and monocularly. The FACT is
a chart displaying sinusoidal gratings of five different spatial frequencies with nine contrast
levels for each spatial frequency. The corresponding spatial frequencies are 1.5, 3, 6, 12, and
18 cycles per degree. The decrements of the grating contrast are 0.15 log CS units for each
spatial frequency change. Gratings are displayed as circular patches with blurred edges either

orientated vertically or tilted 15° to the right or left.

Target illumination and glare were manually set by the examiner. The patients observed the
test rows in a random sequence. The patient had to decide if the grating is directed vertically
or tilted to the right or left. The CS at a certain spatial frequency was the last correct response
before two successive wrong responses. If a patient did not recognize the lowest CS value, CS

was recorded as zero for the tested spatial frequency.

Satisfaction questionnaire

During the pre-operative evaluation, a detailed discussion with each patient revealed his/her
ideal near working distance or range, the amount of dependence on spectacles for near vision,
as well as his/her overall satisfaction regarding vision throughout the day. At last follow-up,
patients were asked to complete a satisfaction questionnaire (Appendix 3) for the subjective
evaluation of binocular UNV A, monocular and binocular UDVA, frequency of eventual use
of reading glasses, and for the presence or absence of halos and/or glare. A scale of 1 to 4 was

used for UNVA and UDVA evaluation, in which a score of 1 indicates “excellent”, 2 “good”,
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3 “fair” and 4 indicates “poor” satisfaction’. The results are presented as a mean score in each
group. The presence of glare and halos, as well as the need for reading glasses, was described

99 ¢

as “never”, “sometimes” “frequently” and “always”.
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Surgical Technique

Pocket creation and inlay implantation

The corneal inlay was implanted into a pocket created by a femtosecond laser in the corneal
stroma at the line of sight of the non-dominant eye. The surgical procedure was performed
under topical anesthesia using proxymetacaine hydrochloride 0.5% eye drops (Alcon
Laboratories Inc, Ft Worth, USA). The intrastromal corneal pocket was created using a
femtosecond laser (IntraLase iFS 150; Abbott Medical Optics, Santa Ana, USA). Using the
standard pocket-creation software of the IntralLase femtosecond laser, a lamellar cut of a
pocket of 9.0 mm chord diameter and temporal pocket access tunnel 4.20 mm chord width
were created at a depth of 300 um with a line separation/spot size of 2/2 pum (Figure 12a). The

pocket access tunnel was temporal. Table 1 shows the femtosecond laser parameters of the

procedure.

Figure 12a. Anterior segment optical coherence tomography (AS OCT) showing the inlay

inside the intrastromal corneal pocket at a depth of 300 um
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Table 1. Femtosecond-assisted Pocket Laser Parameters

Femtosecond laser iFS 150
Treatment type inlay
Channel width (mm) 4.20
Channel offset (mm) 0.00
Channel depth (um) 300
Channel spot separation (pm) 2
Channel line separation (pm) 2
Channel energy (uJ) 0.75
Side cut radius (mm) 4.50
Side cut angle (°) 30
Side cut spot separation (um)/ Side cut layer 3/3
separation (pm)

Side cut energy (uJ) 1.20
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The inlay was implanted with a special injector (Presbia Cooperatief U.A.) inside the tunnel at
the line of sight (pupil centration) (Figure 12b). To determine the line of sight, the microscope

and centration device of the excimer laser (Allegretto Wave 400; WaveLight Technologie

AG, Erlangen, Germany) were used.

Figure 12b. After the femtosecond assisted creation of an intrastromal pocket (a) using a

special injector (b, ¢) the lens is implanted inside the stroma of the cornea (d).
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Post-operatively, after pocket separation and/or inlay implantation, patients were treated with
topical antibiotic-steroid drops (tobramycin/dexamethasone, Tobradex; Alcon Laboratories

Inc, Ft Worth, USA) for 10 days along with preservative-free artificial tears.

Cataract surgery

All surgical procedures were performed under sterile conditions and topical anesthesia by the
same experienced surgeon, using a standard manual phacoemulsification technique. A
superior clear corneal incision of 2.8 mm was made and an anterior curvilinear continuous
capsulorhexis not larger than 5.5 mm was performed. Phacoemulsification was performed
using the Infiniti Vision System (Alcon, Laboratories Inc, Fort Worth, USA), with thorough
cortical removing and meticulous cleaning of the posterior capsule and anterior capsular
leaflets. After phacoemulsification and lens removal, the IOL (AcrySof IQ SN60WF) was

implanted into the capsular bag using the standard injector device.

Post-operative topical therapy included topical antibiotic-steroid drops
(tobramycin/dexamethasone, Tobradex; Alcon Laboratories Inc, Ft Worth, USA) four times a

day for 4 weeks with a weekly tapering regimen.
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Figure 13. Photo taken through the operating microscope at the beginning of cataract surgery

showing transparency of the inlay

Study duration, schedule of visits and post-operative examinations

The study duration was approximately 12 months. Post-operative follow-up was scheduled in
1, 3, 6 and 12 months and followed examinations were performed at each visit: visual acuity
and manifest refraction, slit-lamp biomicroscopy, corneal topography, intraocular pressure,

central corneal thickness, endothelial cell density and contrast sensitivity.
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Statistical analysis

Excel 2007 (Microsoft, USA) and a customized Ophthalmic Data Analysis Software (ODAS)
by Georgios A. Kounis PhD (©2014 Ophthalmic Data Analysis Software GNEMS-Greece)
were used for data collection and analysis. Calculation of the surgical induced astigmatism
(SIA) was performed using Harris” method. Non parametric paired tests (Wilcoxon rank
signed sum test) were used to compare preoperative and post-operative data. Comparison
between groups was performed using non parametric tests (Wilcoxon / Kruskal-Wallis Tests
(Rank Sums). All distributions were examined for normality with Kolmogorov-Smirnov tests.
Statistical analysis was performed by SAS JMP 10.0 (http://www.jmp.com/ 2012). A P value

less than 0.05 was considered statistically significant.
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Results

In total forty-six patients were examined, of which 15 met all the inclusion criteria and were
enrolled in the study. Patient demographics, the implanted inlay and IOL power and pre-
operative clinical data of non-dominant eyes are depicted in Table 2. There was no
statistically significant difference in any parameter between three groups. All patients

completed the 12-month follow-up.

Table 2. Patient demographics and clinical information (Abbreviations: CDVA = corrected

distance visual acuity; SEQ = spherical equivalent; UDV A = uncorrected distance visual

acuity; UNVA = uncorrected near visual acuity)

Parameter Group 1 Group 2 Group 3 P value
No. of patients 5 5 5 -
Males/Females 372 1/4 1/4 -

Right/Left 372 1/4 2/3 -

Age (year)

Mean + SD 63.00+2.00 65.40+4.28 64.40+4.39 0.607

Range 60, 65 58, 68 61,71
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Axial length (mm)

Mean + SD 23.54+0.96 23.39+0.41 24.06+1.46 0.585
Range 22.41,24.83 | 23.04, 23.86 | 22.93.26.54
Inlay power (D)
Mean + SD 2.65+0.34 2.30+0.21 2.25+0.59 0.393
Range 2.50,3.25 2.00, 2.50 1.50, 2.75
UDVA (logMAR)
Mean + SD 0.88+0.30 0.76+ 0.29 0.82+0.25 0.069
Range 0.40, 1.20 0.50, 1.20 0.50, 1.00
UNVA (logMAR)
Mean + SD 0.87+0.37 0.86+ 0.40 0.88+0.33 0.948
Range 0.26, 1.18 0.30, 1.20 0.50, 1.20
CDVA (logMAR)
Mean + SD 0.28+0.21 0.30+ 0.07 0.40+0.16 0.509
Range 0.10, 0.70 0.20, 0.40 0.20, 0.60
Sphere (D)
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Mean + SD 0.40+ 3.45 -0.80+ 4.25 -2.85+5.14 0.546
Range -5.00, 3.50 -7.25,2.75 -7.75,4.00
Cylinder (D)
Mean + SD -0.35£0.34 -0.60+ 0.42 -0.90+ 0.42 0.156
Range -0.75, 0.00 -1.00, 0.00 -0.50, -1.50
SEQ refraction (D)
Mean + SD 0.23+3.51 -1.10+4.36 -3.30+5.20 0.527
Range -5.38,3.25 -7.75,2.75 -8.50, 3.50
Corneal thickness
(km)
Mean + SD 545+29.80 530+32.84 556+30.71 0.363
Range 507,574 503, 578 514, 589
Corneal
topographic
astigmatism (D)
Mean + SD 0.48+0.33 0.85+0.66 0.77+0.28 0.532
Range 0.14, 0.87 0.22, 1.55 0.46, 1.10
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Endothelial cell

density
(cells/mm?)
Mean + SD 24544244 24184486 25444307 0.778
Range 2123, 2760 2027, 3001 2198, 2935
IOL power (D)
Mean + SD 21.20£2.06 | 22.00+0.79 | 21.70+2.46 0.716
Range 16.50,22.50 | 21.00,23.00 | 21.00,24.00
IOP (mmHg) 0,722
Mean + SD 14.60+ 1.34 | 15.00+2.35 | 14.60+ 1.82
Range 13.00, 16.00 | 11.00, 17.00 | 12.00, 17.00
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Visual acuity and manifest refraction

Table 3 shows post-operative monocular (eyes with the inlay) visual acuity and manifest
refraction at 12-month follow-up. Table 4 shows the post-operative binocular visual acuity at
12-month follow-up. No statistically significant differences were found in uncorrected or
corrected monocular or binocular visual acuity between the examinations during the follow-

up (P > .05 for all values in three groups).

Table 3. Monocular visual acuity and refractive results of non-dominant eyes (Abbreviations:
CDVA = corrected distance visual acuity; SEQ = spherical equivalent; UDVA = uncorrected

distance visual acuity; UNVA = uncorrected near visual acuity)

P Values
Parameter Results Preop vs Postop | Between Groups
UDVA (logMAR) 0.377
Group 1
Mean + SD 0.18+0.04 0.125
Range 0.10,0.20
Group 2
Mean + SD 0.16+0.05 0.063
Range 0.10,0.20
Group 3
Mean + SD 0.12+0.08 0.125
Range 0.00, 0.20
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UNVA (logMAR) 0.498
Group 1

Mean + SD 0.08+0.02 0.125

Range 0.06, 0.10

Group 2

Mean + SD 0.10+0.02 0.063

Range 0.08, 0.12

Group 3

Mean + SD 0.06+0.04 0.125

Range 0.00, 0.10

CDVA (logMAR) 1.000
Group 1

Mean + SD 0.04+0.05 0.125

Range 0.00, 0.10

Group 2

Mean + SD 0.04+0.05 0.063

Range 0.00, 0.10

Group 3

Mean + SD 0.04+0.05 1.125

Range 0.00, 0.10

Sphere (D) 0.523
Group 1

Mean + SD 0.00+0.50 0.125

Range -0.75, 0.50
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Group 2

Mean + SD -0.25+0.61 0.063
Range -1.00,0.50

Group 3

Mean + SD 0.15+0.42 0.125
Range -0.25,0.75

Cylinder (D) 0.763
Group 1

Mean + SD -0.45+0.27 0.250
Range -0.75, 0.00

Group 2

Mean + SD -0.60+0.38 0.500
Range -1.25,-0.25

Group 3

Mean + SD 0.40+0.42 0.125
Range -1.00, 0.00
ST
Group 1

Mean + SD -0.23+0.56 0.125
Range -1.00, 0.25

Group 2

Mean + SD -0.43+0.46 0.810
Range -1.13, 0.00
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Group 3

Mean + SD -0.05+0.48 0.310

Range -0.50, 0.75

Table 4. Binocular visual acuity results (Abbreviations: CDVA = corrected distance visual

acuity; UDVA = uncorrected distance visual acuity; UNVA = uncorrected near visual acuity)

P Values
Parameter Results Preop vs Postop Between Groups
UDVA (logMAR) 0.262
Group 1
Mean £+ SD 0.04+0.05 0.125
Range 0.00, 0.10
Group 2
Mean + SD 0.11+0.07 0.125
Range 0.00, 0.20
Group 3
Mean + SD 0.09+0.07 0.125
Range 0.00, 0.20
UNVA (logMAR) 0.864
Group 1
Mean + SD 0.06+0.03 0.125
Range 0.02, 0.10
Group 2
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Mean + SD 0.06+0.03 0.063
Range 0.02, 0.10

Group 3

Mean + SD 0.05+0.04 0.125
Range 0.00, 0.10

CDVA (logMAR) 1.000
Group 1

Mean + SD 0.02+0.04 0.125
Range 0.00,0.10

Group 2

Mean £+ SD 0.02+0.04 0.063
Range 0.00, 0.10

Group 3

Mean + SD 0.02+0.04 0.125
Range 0.00, 0.10
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Between-steps results and surgically induced astigmatism

In Group 1, three months after pocket creation no statistically significant changes occurred in
the examined parameters. Corneal astigmatism changed from 0.48+0.33 to 0.65+0.11 D. The
surgically induced astigmatism after pocket creation was 0.72+0.50 D at mean axis 56+32°.
Three months after cataract surgery UDVA improved to 0.1340.12 logMAR and CDVA to
0.04+0.05 logMAR. Other parameters had values similar to pre-cataract surgery values,
UNVA was 0.77+0.09 logMAR, SEQ refraction 0.25+0.28 D and corneal astigmatism
0.534+0.40 D. The SIA after phacoemulsification with superior clear corneal incision was
0.84+0.40 D at mean axis 45+67°. Binocular UDVA was 0.06+0.09 logMAR, UNVA
0.68+0.17 logMAR, CDVA 0.0240.04 logMAR. After inlay implantation the SIA was

0.43+0.23 D at mean axis 86+42°.

In Group 3, three months after cataract surgery UDVA improved to 0.08+0.03 logMAR and
CDVA 0.04+0.06 logMAR. The rest of the results were similar to preoperative, UNVA was
0.71+0.09 logMAR, SEQ refraction -0.05+0.42 D and corneal astigmatism 0.79+0.21 D.
Achieved binocular UDVA was 0.024+0.02 logMAR, UNVA 0.63+0.13 logMAR, CDVA
0.02+0.04 logMAR. The SIA after cataract surgery was 0.82+0.85 D at mean axis 63+59°,

and after the inlay implantation 0.69+0.56 D at 62+46°.

Total surgically induced astigmatism in eyes with the inlay (preoperative vs. 12 months after
inlay implantation) in Group 1 was 0.524+0.42 D at 86+42°, in Group 2 was 0.88+0.33 D at

87+43° and in Group 3 was 0.92+0.41 D at 96+19°.
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Efficacy

Figure 14 shows the percentage of eyes with the inlay in each group with a cumulative
uncorrected near visual acuity after the surgery. The monocular UNVA was 20/25 or better in

all eyes with the inlay in all groups.

Uncorrected Near Visual Acuity
B UVApost12m Group 1 B UVApost12m Group2 UVApost12m Group3
100.00%
B0.00%
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40.00%

20.00%

0.00%

2010 20/12.5 20/16 y 0 ] 20/30 20/40 20/80 20/100

Cumulative Snellen Visual Acuity

Figure 14. Cumulative uncorrected near vision acuity
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Accuracy

At the 12-month follow-up, the spherical refraction was within £0.50 D of the attempted
spherical correction in 3 eyes with the inlay in Group 1, 3 eyes in Group 2, and 5 eyes in
Group 3. (Figure 15) All eyes in groups 2 and 3 were within £1.00 D. One eye in Group 1

was within £1.50 D.

Spherical Equivalent Refractive Accuracy

B 12 months Group 1 B 12 monthsGroup 2 M 12 months Group 3
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0.00%

Postoperative Spherical Equivalent Refraction (D)

Figure 15. Spherical equivalent refractive accuracy
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Safety and Complications

Figure 16 shows the change in Snellen lines of CDVA. All eyes with the inlay in three groups
gained lines of CDVA. During the one-year follow-up none of the operated eyes had loss of

line of CDVA.

Change in Snellen lines of CDVA
m 12 months Group 1 m 12 months Group 2 m 12 months Group 3

70.00%
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0.00%
Loss 3 or More 055 2 Loss1 No Change Gain 1

Change in Snellen lines of CDVA

Figure 16. Change in Snellen lines of CDVA

During the 12-month follow-up, no intra-operative or post-operative complications occurred.
No inlay was explanted or recentered during the reported follow-up. No epithelial ingrowth

was observed.
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Mean central corneal thickness in the eyes with the inlay did not change significantly at 12
months in any of groups (P=0.063, P=0.125, P=0.063, respectively). Post-operative
intraocular pressure was similar to pre-operative and between groups post-operatively in all

groups (P>.05).

The mean endothelial cells loss, one year after the cataract surgery, was similar between

groups 1, 2, and 3 and was 8.92 %, 8.05%, and 8.39%, respectively, (P=0.42).

In the retroillumination examination 12 months after surgery, there was no significant

posterior capsule opacification influencing the visual or refractive outcome.

Figure 17. Retroillumination photo of the eye with the Microlens inlay and intraocular lens
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Stability

Figure 18 shows the stability of SEQ refraction in non-dominant eyes over time. Apart from
the minor changes (increase of 0.25 D in Group 1 and decrease of 0.50 D in Group 2) between
the 1-month and 3-month follow-up, SEQ refraction remained stable over a one-year follow-

up in all groups.

Stability of Spherical Equivalent Refraction
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Figure 18. Stability of spherical equivalent refraction
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Figure 19 shows the stability of monocular UDVA and CDVA refraction over time in eyes
with the inlay. UDVA in groups 2 and 3 showed minor tendency of improvement over 12-
month follow-up, whereas in Group 1 after initial improvement UDVA remained stable.
CDVA in Group 2 showed slight improvement over the first 6 months, whereas groups 1 and

3 remained stable over a one-year follow-up.

Postoperative Stability of Visual Acuity
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Figure 19. Postoperative stability of uncorrected and corrected distance visual acuity
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Predictability

Figures 20, 21 and 22 show the attempted versus achieved spherical equivalent (SEQ)

refraction for three groups.

Spherical Equivalent Attempted vs Achieved - Predictability
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Figure 20. Predictability presented as spherical equivalent attempted vs achieved in group 1
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Spherical Equivalent Attempted vs Achieved - Predictability
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Figure 21. Predictability presented as spherical equivalent attempted vs achieved in group 2
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Figure 22. Predictability presented as spherical equivalent attempted vs achieved in group 3
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Contrast Sensitivity

There was no difference between groups in pre-operative contrast sensitivity under photopic
and mesopic conditions. At 12-month follow-up, at all the spatial frequencies tested, the
monocular and binocular contrast sensitivity score, under mesopic and photopic conditions,

were similar between the three groups (P > .05).

Monocular contrast sensitivity, in eyes with the inlay, at frequencies 12 and 18 cpd was lower
in all groups, under both mesopic and photopic conditions, compared to contrast sensitivity of

contralateral eyes (Figures 23).

Figure 24 shows binocular contrast sensitivity at 12-month follow-up, under photopic and
mesopic in each group. Under mesopic conditions (with and without glare) Group 3 had
slightly lower score than other two groups, at frequencies 12 and 18 cpd, but without
statistically significance (at 12 cpd P=0.963 P=1.000, at 18 cpd P=1.000, P=0.855,

respectively).
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Figure 23. Monocular contrast sensitivity 12 months post-operatively in eyes with the inlay
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Figure 24. Binocular contrast sensitivity 12 months post-operatively
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Corneal topography

Corneal astigmatism of non-dominant eyes changed from 0.48+0.33 D in Group 1, 0.85+0.66
D in Group 2 and 0.77+0.28 D in Group 3 pre-operatively to 0.50+£0.37, 0.89+0.26, and

0.73+0.45, respectively. The change was not statistically different between groups (P=0.284).

Patient Satisfaction Questionnaire

During the pre-operative evaluation, patients answered questions about their profession,
everyday needs, frequency of using a computer, and preferable working distance. These
questions assisted the surgeon in deciding on the ideal inlay power for each patient. A general
complaint about their inability to function without spectacles for near vision, annoyance for

constantly having to put them on and off, and satisfactory UDVA were noted.

At last follow-up, all the patients, except one in Group 2, perceived their binocular UDVA as
excellent (mean score 1.00 in Group 1, 1.20 Group 2, 1.00 in Group 3). Twelve months after

inlay implantation, monocular UDVA, in eyes with the inlay, was perceived as good, with the
best mean score in Group 3 (1.80 in Group 1, 2.00 in Group 2 and 1.40 in Group 3). No

patient used spectacles for distance vision.

During the last follow-up, all but one patient perceived their binocular UNVA as excellent
(mean score Group 1 1.00, Group 2 1.20, Group 3 1.00). One of fifteen patients reported use

of near vision spectacles occasionally, only at evening for reading books.

One year after inlay implantation, two patients in Group 2, and one in Group 1 and 3
experienced sometimes glare and halos. The overall satisfaction score in Group 1 was 8.2,

Group 2 was 9.2, and Group 3 was 7.8.
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Discussion

Presbyopia, phakic or pseudophakic, is the most common refractive error, currently affecting
approximately 2 billion people worldwide, with a steep predicted rise to 2.1 billion in
2020.°7® Presbyopia itself is defined as a loss of accommodation. This condition can amount
to a considerable decrease in the quality of life for many of those affected.””** Therefore, the
general demand for spectacle independence has been growing strongly in recent times, and

has made the correction of presbyopia one of the most important last frontiers of refractive

surgery.

One of the established strategies for presbyopia compensation after cataract surgery is
implantation of multifocal intraocular lenses. The results of bilateral implantation of
multifocal IOLs in cataract surgery demonstrate that implantation of both refractive and
diffractive multifocal IOLs result in high levels of uncorrected distance and near visual acuity
and therefore to increased levels of spectacle independence compared with monofocal

I0Ls 60-63

Despite their benefits of uncorrected visual acuity at multiple distances, multifocal IOLs are
associated with certain drawbacks. First, halos and glare are more often reported by patients
with a multifocal IOL than with a monofocal IOL.*% Refractive multifocal IOLs appear to
be associated with more photic phenomena than diffractive multifocal IOLs.®! Photic
phenomena are among the most frequent reasons for dissatisfaction after multifocal IOL
implantation.®®®” Second, multifocal IOLs are associated with lower contrast sensitivity than

monofocal IOLs.*%
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Monovision technique is also far from perfect. Studies of monovision have shown that on
average, 24% of patients cannot adapt to this condition.”””" As the effect of monovision is
increased to more than 1.5 diopters (D) in the nondominant eye, there is a more significant
loss of stereopsis, binocular contrast sensitivity and binocular summation.”>"* One recent
study postulated that uncorrected monovision may play a role in an increase in the rate of
falling and injury in elderly people.”® The decrease in stereopsis and binocular contrast
sensitivity in patients with 0.75 D of monovision is lower, but their ability to perform near

tasks without correction also is compromised.

Ideally, an IOL would allow the presbyopic patient to regain his or her ability to
accommodate. Although refilling the capsular bag with a clear but elastic substance would
theoretically lead to the desirable result, experiments in this area have been unsuccessful.”” In
clinical practice, movement of accommodating IOLs has been shown to be insufficient to
result in large changes in the power of the optical system.”® At the moment, there is no perfect

presbyopia-correcting IOL currently available to meet the needs of all patients.

Intrastromal corneal inlays have a long history, but they are a relative new modality for
presbyopia correction. Currently, there are three different commercially available types of
inlay, which use different mechanisms to compensate for accommodation loss. There is an
inlay that increases depth of focus by using fixed small aperture (KAMRA™, AcuFocus Inc.,
Irvine, CA, USA), a corneal change in curvature inlay that makes a change to the anterior
corneal curvature (Raindrop®, ReVision Optics, Lake Forest, CA, USA) and refractive inlays
that alter the index of refraction using a bifocal optic (the Presbia Flexivue Microlens®,
Presbia Cooperatief U.A., Amsterdam, Netherlands and the Icolens (Neoptics AG,

Hunenburg, Switzerland).
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Implantation of a refractive corneal inlay in a femtosecond laser created intrastromal pocket is
a relatively simple and effective surgical treatment for presbyopes aged between 45 and 60
years with a clear crystalline lens. In their study, Limnopoulou et al. showed the refractive
outcome of 47 patients implanted with the Flexivue Microlens with a follow-up term of 12
months. One year postoperatively, the mean uncorrected near visual acuity (UNVA)
significantly improved from 0.68+0.03 logarithm of the minimum angle of resolution
(logMAR) to 0.14+0.9 logMAR in the operated eyes and from 0.53+0.13 logMAR
preoperatively to 0.1340.13 logMAR binocularly (P<0.001). UNVA of the operated eyes was
20/32 or better in 75% of patients 12 months after inlay implantation. The mean uncorrected
distance visual acuity (UDVA) in operated eyes significantly decreased from 0.06+0.09
logMAR preoperatively to 0.38+0.15 logMAR, whereas it did not change significantly
binocularly. In this study, no intraoperative or postoperative complications were encountered,

and no removal or replacement of the inlay was performed.*®

Bouzoukis et al. reported the results of insertion of the Invue Lens (Biovision AG), a
precursor lens to the Flexivue Microlens, in 45 eyes. They created an intrastromal pocket
using a mechanical keratome (Visitome 20-10 microkeratome, Biovision AG). In their study,
the UNVA was 20/30 or better in 98% of operated eyes and the UDVA was 20/40 or better in
93% of operated eyes at the 12-month follow-up. Only 3 patients lost 1 line of CDVA in the

operated eye.”

Three years after Flexivue inlay implantation, one patient presented at our Institute with
bilateral cataract and blurred vision complain. After all possible options were thoroughly
discussed, the patient opted for bilateral cataract surgery without removal of the corneal inlay

in order to improve far and preserve near vision and spectacle independence. Biometry and
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intraocular lens (IOL) power calculation were performed without removing the inlay.
Phacoemulsification and IOL insertion were carried out in both eyes in a usual manner. On
day one postoperatively, the patient achieved binocular uncorrected distance visual acuity
20/20 and uncorrected near visual acuity J1. The vision remained stable during the one-year
follow-up period.”” No complications occurred intra-operatively or post-operatively. This case
gave the idea of a possible combination of two procedures, cataract surgery and inlay

implantation, in order to improve near vision in pseudophakic patients.

Before this study was designed and performed, in order to assess the feasibility of the method,
a single patient, after bilateral cataract surgery, underwent refractive corneal inlay
implantation in the non-dominant eye for near vision improvement.”® One month after the
inlay implantation the patient achieved UDVA of 20/32 and UNVA of J1 in the operated eye
and UDVA of 20/20 and UNVA of J1 binocularly. The BCVA in the nondominant eye was
20/25 with manifest refraction of -2.00-0.50x150°. The patient was happy and reported no

need for reading glasses.

Two years after cataract surgery, the patient started to complain about blurred vision in her
nondominant eye. The patient’s UDV A upon examination was 20/50 and UNVA was J1;
however, she was reading with some difficulty. Under the slit-lamp examination we
determined she had posterior capsule opacification. The patient was scheduled for Nd:YAG
capsulotomy, which was performed in the standard manner and no complications occurred
during or after capsulotomy. On the last follow-up examination, six months later, her UDVA
was 20/20 in the dominant and 20/32 in the nondominant eye. The UNVA was J3 (dominant
eye) and J1 (nondominant eye), and binocular UDVA was 20/20 and UNVA was J1. The

patient’s CDVA was 20/20 in the dominant and 20/25 in the nondominant eye with refraction
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of +0.25-0.50x70° and -2.00sph, respectively. The patient remained spectacle-independent
and very happy. This case showed that a combination of cataract surgery with an intraocular
lens implantation and refractive Microlens inlay for presbyopia correction is not only feasible,

but a promising option which deserves further studies.

This Dissertation represents the first study to evaluate the Microlens refractive inlay
implantation in combination with cataract surgery as a new method for near vision
improvement in pseudophakic patients. Furthermore, three techniques for implantation of the
refractive corneal inlay and the cataract surgery were studied. Visual, refractive and contrast
sensitivity outcomes were evaluated and compared. The purpose was to assess safety and
efficacy, as well as to evaluate which technique provides the best clinical outcomes and the

highest patients’ satisfaction.

In the present study, twelve months after the inlay implantation mean monocular UDVA was
20/32 (0.18 logMAR) in Group 1, 20/32 (0.16 logMAR) in Group 2 and 20/25 (0.12
logMAR) in Group 3. Mean monocular UNV A improved in all groups from 20/125 pre-
operatively, albeit in the presence of a cataract, to 20/25 and better with pseudophakia and the
inlay. The two-step technique in Group 3 appeared to have slightly better results (0.08
logMAR, 0.10 logMAR, 0.06 logMAR, respectively). Refractive results were slightly better
in Group 3, with post-operative spherical equivalent refraction within £0.50 D of the

attempted correction in non-dominant eyes.

Binocular UDVA was slightly better with the three-step procedure 20/20 (0.04 logMAR),
than in other two groups 20/25 (0.11 logMAR) and 20/25 (0.09 logMAR) but this may be

variation due to the small numbers of eyes. Binocular UNV A outcomes, however, were
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similar between groups 20/25 (0.06 logMAR), 20/25 (0.06 logMAR) and 20/25 (0.05

logMAR), respectively.

Cochener et al. compared the clinical outcome of different multifocal intraocular lenses based
on information reported in the international literature.”” Average UNVA with monofocal IOLs
was 0.47 logMAR and with multifocal IOLs 0.15 logMAR. Furthermore, average UNVA in
refractive IOLs group was 0.232 logMAR, in diffractive IOLs group 0.091 logMAR and more
specifically to ReSTOR IOL 0.08 logMAR. The present study’s results of UNVA were better
than average UNVA in refractive IOLs group, but similar to diffractive IOLs group and more

specifically to ReSTOR IOL.

Recently, two studies have reported results of intracorneal inlay implantation for near vision
improvement in pseudophakic patients, although the follow-up period was only 3 months in
both studies. In a prospective non-randomised multicenter study Chu et al. assessed the
feasibility of implanting a hydrogel corneal inlay (Raindrop® ReVision Optics, Lake Forest,
USA) in 13 patients that previously underwent cataract surgery with monofocal IOL
implantation.®” At 3 months, 83% of patients had 20/20 or better uncorrected near visual
acuity. Measurement of the uncorrected binocular vision showed that 83% of the

pseudophakic group achieved 20/20 or better at distance and near.

Another study evaluated the improvement in near visual acuity after KAMRA corneal inlay
(AcuFocus, Inc., Irvine, CA) implantation in patients with pseudophakia.®' Mean uncorrected
near visual acuity improved five lines (from J10 to J4) postoperatively. Mean uncorrected
distance visual acuity, corrected distance visual acuity, and corrected near visual acuity

remained stable and were 20/20, 20/16, and J1, respectively, before and after KAMRA
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implantation. Four patients underwent LASIK for improved distance acuity at the time of

inlay implantation.

In the present study, mean total surgically induced astigmatism was the lowest in Group 1,
0.52 D with 40° change of axis. In other two groups the SIA was higher and with higher
change in axis (0.88 D at 87° and 0.92 D at 96°, respectively). However, the total STA in all
groups was lower than the SIA after sutureless phacoemulsification with superior corneal
incision, 1.44+0.33 D, reported by Simsek et al.** The temporal pocket access with
femtosecond laser and superior corneal incision during cataract surgery were created in every
patient in all groups. The study was designed in this manner so that the results would be
comparable between groups. However, individual adjustment of axis of pocket creation as
well as corneal incision based on preoperative astigmatism is a possibility worth further

research.

Achieved monocular or binocular CDVA showed no significant difference between groups.
During the one-year follow-up none of the operated eyes had loss of line of CDVA,
suggesting the safety of procedures. Furthermore, in groups 1 and 3 where the inlay was
implanted three months after cataract surgery, CDVA remained same after inlay implantation.
Previous studies with intracorneal inlays in presbyopic patients report that loss of CDVA after
inlay implantation may occur. Limnopoulou et al. reported that 17 of 47 patients lost 1 line of
CDVA and no patient lost 2 lines of CDVA in the operated eye, while Bouzoukis et al.
reported that only 3 of 45 patients lost 1 line of CDVA in the operated eye.”® Huseynova et
al. reported that two eyes lost two lines and 1 eye lost 1 line of corrected distance visual

acuity after implantation of Kamra inlay in 13 pseudophakic patients.®" Although not proved,
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it is believed that loss change in CDVA is caused by difficulty in obtaining an accurate

manifest refraction due to the multifocality of refractive inlays.

Mean central corneal thickness was not statistically significantly different after implantation
of the inlay to pre-operative mean central thickness in any of the groups. This fact could be
related to the thinness of the inlay (15 um), which is even thinner than the standard deviation
of the measurements. The loss of endothelial cells and intraocular pressure were similar in all
groups and consistent with cataract surgery using phacoemulsification.® During the one-year
follow-up, no complications were observed in any of operated eyes. These results suggest that
intracorneal inlay implantation in combination with cataract surgery did not lead to any

complications within the first 12 post-operative months.

The present study’s results showed lower monocular contrast sensitivity at spatial frequencies
12 and 18 cpd in all groups, under mesopic and photopic conditions, compared to reference
values of contralateral eyes. Reduced contrast sensitivity was reported also after Flexivue
inlay implantation in presbyopic patients.’® Change in contrast sensitivity of the operated eye
one year postoperatively in mesopic conditions was statistically significant at 1.5 cycles per
degree (cpd), 6 cpd, and 12 cpd, whereas in photopic conditions it was statistically significant

at 6 cpd, 12 cpd, and 18 cpd.

Possible explanation for contrast sensitivity changes may be an increase or change in
. . . . 4 .
dynamics of corneal and internal higher order aberrations.** However, wavefront analysis was

not performed in the present study.

Multifocal IOLs are also associated with lower contrast sensitivity particularly in mesopic

circumstances.’*®"* The lower contrast sensitivity was attributed to multifocality. Refractive
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corneal inlays similar to multifocal IOLs result in coexisting images, 1 sharp and 1 out of
focus, with the light from the latter reducing the detectability of the former image.
Furthermore, effect of age on contrast sensitivity becomes evident in subjects aged 60 years

or older, as a result of reduced retinal sensitivity and neural capacity in visual processing.

The objective visual acuity test results were in accordance with the subjective patient
questionnaire results, indicating that patients had significantly fewer problems performing
near distance tasks without correction than before surgery. The patient satisfaction rate was
high, 5 of 5 of patients in Groups 1 and 3 perceived both binocular UDVA and binocular
UNVA as excellent, while in the second group 4 of 5 patients perceived it as excellent.
Overall satisfaction was slightly higher in patients who had the inlay implanted three months

after cataract surgery.

One year after surgery, four of our 15 patients experienced sometimes glare and/or halos, but
they were not being bothered by these. Intracorneal inlays, as well as intraocular lenses, are
known to cause photic phenomena, such as glare and halos.”******” Homogeneity of the
ocular structures affects retinal image quality. Light scattered from the edge of the inlay
spreads at larger angles over the retina and possibly contributes to the observed increase in
glare and halos. This would probably be more evident in cases where the inlay is slightly
tilted. It is not expected to be remarkable when using a femtosecond laser to create the pocket,

as was the case in this study.

The femtosecond laser technology has brought new levels of safety, accuracy and
predictability to corneal refractive surgery. Femtosecond lasers are known to provide more

predictable flap thickness, lower incidence of dry eye, quicker visual recovery, and better
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visual acuity results than mechanical mikrokeratomes.***® In this study, the depth of the
implantation was selected to be 300 pm, as the posterior stroma of the cornea has reduced
concentrations of keratocytes, which may improve tolerability of the inlay. The creation of
femtosecond laser—assisted pockets improves the surgical procedure and increase the
precision of the inlay position. Furthermore, making a pocket interface by femtosecond laser
minimizes the impact on the corneal nerves when compared to creating a flap, in which more
nerve-fiber bundles are cut; as a result of the cut, the risk of dry eye disease is higher and this

might affect outcomes.
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Conclusions

Answers to the study questions

All the study questions were provided with an answer:

1. The pseudophakic presbyopia was satisfactory compensated in all patients enrolled in the

study.

2. No intra-operative or post-operative complications occurred during the one year follow-up.

3. Clinical results showed stability during the 12-month follow-up.

4. Both patients’ satisfaction and spectacle independence were high.

5. No significant difference was found between three studied techniques of cataract surgery

and the refractive inlay combination.

Combined inlay implantation with cataract surgery seems not only to be safe and efficient
method for compensation of pseudophakic presbyopia, but also to provide high patients’
satisfaction and spectacle independence. It would seem that refractive intracorneal inlays
could in the future represent a valuable option for presbyopia compensation in pseudophakic
patients. One of the benefits of the corneal inlay procedure is that the inlay can be removed
and, hence, the potential reversibility. This would offer a significant advantage over

procedures that involve corneal ablation or premium intraocular lenses.
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Study limitations and future studies

Even though this pilot study, by its very definition, has critical limitations, it provides useful
clinical information and indications for future studies. Our statistical analysis did not show
statistical significance (P<0.05), even when there was clearly significant clinical
improvement. Possible reason for this is a small sample size in this study. A larger number of
patients with a longer observation period is needed to confirm the stability and safety these

new methods of the combined cataract-inlay surgery for presbyopia correction.

During this study emerged some observations and questions, which deserve to be further
researched and answered in future studies. In this study wavefront aberration were not
evaluated, but it would be interesting to evaluate changes induced by the pocket creation
alone, by inlay implantation, as well as total aberrations induced by intraocular lens

implantation.

Although transparency of the Microlens inlay allows slit-lamp examination of anterior
segment and fundoscopy, further studies are necessary to determine its influence in managing
potential cataract surgery complications, like posterior capsule opacification and Nd:YAG
capsulotomy. Furthermore, potential influence of the refractive inlay on visual field
examination and optical coherence tomography should be investigated. Quality of vision

should be further evaluated, including stereopsis of vision and reading speed.

Comparing the outcomes between pseudophakic eyes with and without the inlay was not the
purpose of this study. It is necessary though to perform a study of combined inlay

implantation and cataract surgery which includes a control group with cataract surgery alone.
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Effect that an individual adjustment of the femtosecond laser corneal pocket axis and the clear
corneal incision placement during cataract surgery may have on the surgical induced

astigmatism, should be investigated in future studies.
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Final conclusion

In summary, the refractive corneal inlay seems to be safe and efficient method of presbyopia
compensation in pseudophakic patients. The three studied techniques of combined refractive
corneal inlay-cataract surgery for presbyopia correction provided excellent binocular distance
and near visual outcomes. The overall patient satisfaction rate and post-operative spectacle
independence was high. Differences in outcomes between three groups were minimal. Having
that in mind, it would seem that the most logical of the techniques is to perform cataract
surgery first and then, if the dominant eye has good unaided distance vision, can inlay

implantation be considered.
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Appendices

Appendix 1

Consent form for Group 1

MeléTn THS ACPAAELAS KOl ATTOTEAECUATIKOTHTAS TOV EVOOKEPATOELOIKOD O10.0A0.6TIKOD
evléuatog "Flexivue T.M." ueta tny eyyeipnon tov katoppdxty ka1 Evlson evéopldiuioo

PaAK0D

"Evtumo cvykatdOesong

KoL EVI|PEPMON G TOV 0.60EVOVG

ITAHPO®OPIEYX AYOENOYX

ApOpog avayvopiong:

Ovopo/Enrddvopo AcOevoic:

Ovopa gpgovnTn:

TonoOscoia:

Hpep/via:
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Awdkacio MeréTng

Avt 1 perétn eiva oyedaopéVN Yo GTOpa To 0010 £X0VV GKANPVVGT) TOV KPLGTUAAOEIB0VG
(QoKOoV Kot gfval vToYnNEoL Yo gyyeipnon tov katappditn Kot Evheon evoopBdiion eaxkoo.
AOY® TNG AMMAELNG TNG KOVTIIVIG OPACTG LETA TNV APAIPEST] TOV PUGTKOV POKOV KOl
ALENUEVIC OVAYKNG Y10 OVEEAPTNTOTTOINGT At SLOAACTIKG YVOAMA, TPOTAONKE (¢ Abon M
€vBeomn evog evdokepatoeldtkov pikpopakov Flexivue™. Avtdg o pukpo@axoc ivort

GYEQOGUEVOG ETOL DGTE VO TPOCPEPEL L0l TKOVOTOMTIKY KOVTv) Opao).

Koatd ™ dibpkelo Tov evog £T0vg Bo VITAPYOLV TPOYPUUUATIGUEVEG ETCKEWYELS Y10 KAOE
ocvppetéyovta oty peAétn . H mpd emiokeym sivon o eniokeyn edéyyov kprrmpiov. Katd
NV SLAPKELD OVTNG TNG EMioKeEYNS 0 Y1aTpdS cos Oa Kavel opBaipoloykn e€étaon Kot
S1apopa. OTTIKA TECT Y10 VoL EMAANOEV0EL OTL S10OETETE TO KPLTPLOL EMAOYNE TOV VITAPYOVV
6TV AoTO TOV TPOTOKOALOV. AV 0 Y1ATPOG GOG ATOPUGicEL OTL iomG gioTe £VOC KATAANAOG
VIOYNOLOG Y1l TV HEAETY), B0 GO eENYNOEL TIC AEMTOUEPELIES OVTNG TNG LEAETNG, TA TOOVA
TAEOVEKTILLOTOL, Y10 GOG KOl TOVG THavoUS KIvdOVOUS oL UTOPEL VoL GUVAVINGETE €6V
ouppeTdoyeTe. 10 TEAOG TG e€Mynong Ba cag do0el n gvkapio va KAveTe EPOTAGELS GYETIKA

LE OTNV TNV HEAETN.

AV GUUE®OVINCETE VO GUUUETACYETE GE VTNV TNV HEAETN Kol POV dtoPAoETE AVTHV TV
QOpU GLYKATAOESNC KOl GULPWOVICETE VO TNV DITOYPAYETE, O EPEVVITNG GOG Oa
wpoypappaticel va vroPAndeite ot dadikacio eneppdcewc. Ot enepPdoelg o
TPOYPOUUATIOTOOV VO YIVEL il KOWVADS OTOEKTH NUEPOUNVID Yo GGG KOl TO 10TPO GOG Ko
Ba extereotel 610 YEPOLPYELO TOL YpNOOTOIEL 0 0PBaALinTPOG Gag. Ztnv opdda [ TpadTa
TPOYUATOTOLEITOL 1) OTLOVPYIO TOV KEPATOEWOKOD TOVVEN, TPEIS UNVES apYOTEPQ | EYYEIPNON
TOV KOTOPPAKTY OUPOTEPOTAEVPO KOL TPELS UNVEG LETA, 1) £VOECT] TOV EVOOKEPATOEIOIKOV

evhépartoc.

[Tpw yiver n dnpovpyia Tov ToVVEA, TO patt Bo avarcOnTomomOel pe oPBUALKES GTOYOVES
OV TTEPLEXOVY TOTIKO avousOnTikd. Oa yivel amooTEIpOOT Kol TPOETOUAGIN COUPMOVO, LE TIG

ddwkacieg mov axolovbovvian mhvia otig encpPdoelg ota patia. O yiatpdg cag Ha
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ypnowomromoet o femtosecond laser yio vo dnpovpyncel Eva 6TEVO TOVVEL GTOV KEPUTOELON
caG, To omoio Ba &xel mepimov 3k 610 TAGTOG KoL 6-8y1A 610 pakpog. Méca 6g avTd TO
TOUVEL, 0 YTpog cag Ba tomobetroet tov paxd Flexivue™ cg évo onpeio 6Tov KEPATOEON
7oV givorl uIPooTd amd To KEVTIPO TG KOPNGS. O yatpog cag katomy Bo oag ypawet pio
ouvTayn Yo 0OaALKEG oTayOVEG TOV Bl EVETAAALOVTOL GTO XELPOVPYNUEVO UATL TOALES
QOPEG TNV NUEPA Ko ETioNG o 00.G TPOYPAUUATIOEL L0l ETIGKEYT) Y10 TAPOKOAOVON oM TV

EMOUEVN HEPQL.

Katd v erniokeyn v npmtn puépa petd tnv dadikacio, o opOodpiotpog cog Oo kdvet
Sapopa 0PHAALOAOYIKE TEGT KOl LETPTGELS Y10, VO EKTIUNGEL T emtvyio TG dodikaciog. O
yTpdg cog eniong Ba oag (NToEL Vo COUTANPOCETE Vo EPMTNUATOAIYI0 TO 0moio Ba Gog

{ntd v yvoun oag yo v gyyeipnomn kot tng aArayég otnv 0pact mov PLOVETE.

Metd, o cag 0000V 0dnyieg Yo To TmG Ba cuveyiceTte Ta PAppoKa Kot o

TPOYPOUULATICTOVV Ol EMGKEYELG Y10 TOPAKOAOVONOT).

Ye kd0e pio amd avTéc T1g eMoKEVELS, Oa TparyLATOTO0VVTOL LETPNOEIS OPUCTG KO TOAAY
Kabepopéva wtpikd teot kat 0o cag (el va counAnpooete emmpocHeta

EPOTNUOTOAIYIO.

Baowa Kprripro Zvppetoyng:

[Mo va emdeyeite Yo avtv Vv €pgvva, Ba Tpénel onwodNmoTE:

e Noa giote 50-80 £TdV Kt VoL EYETE GKANPLVON TOV KPLGTAAAOEIBOVG POKOV KO GTOL
o600 partia.

e No unv €xete Ao 0pBodporoykd TpoPAnpatoL.

e No pmopeite vo TNPNOETE TO TPOYPOULLLO TOV HETEYYEPNTIKAOV EMICKEYEMV Y10l
TopakoAovOnon.

e Noa giote TpdOLOL VO VTTOYPAYETE O EVILEPOTIKY POPLO CLYKATAOESTC.
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e No unv &xete o&eieg 1 ypOVIEG CLOTNUOTIKEG TOONGELS TTOL Bl PTOopovGAY VO
aLENGOLV TOVG KIVOVVOUG TG EYXEIPNONG 1 VAL EUTOOIGOVY TNV PVGIOAOYIKN
ddkacio emovA®oNS (TdOnon Tov GLVIETIKOD 16TOV, O10NTNG, OTOLNONTOTE

VEOTAAGLLATIKT] VOGOG).

Evogyopeveg mapevépysies | EVoyAnoelg

Kémoeg evoyAoeis katd tnv didpkeia kdbe opBaipkng eyyeipnong etvon avapevopeves. O
YITPOG GO Oa YPNOUOTOUCEL OVOLTONTIKO KOAAVPLO KOTA TNV d1dpKeLa TG Eyyeipnong yio

VO LEUWGEL TNV EVOYANOT GTO EAAYIGTO.

Orav mpaypotomoteitan po topn o€ £vav o@BaApnd, iI6mg vdpEovy Kivouvol Tov TpoépyovTal
amd Kakn dayeipion, Kok Asttovpyia 1 Kabe gidovg Adbog. I'a vo ehayiotonomocovpe
AVTOVG TOVG KIVOHVOLG GTNV TTEPIMTMOOT GOC, EXOVUE EKTELECEL OA TOL TEGT GTO POKO

Flexivue™,

H evoyAnon, petd v gyyeipnon, UTopel vo LITAPYEL GTO YEPOVPYNUEVO LATL QAL VTN

aVOPLEVETOL VO ETVOIL TTLOL KO JUKPNG OLPKELNG.

Eniong, poidveeic pmopet va vdpEovv petd and onowadnmote opbaiporoykt enéppaon. I'a
va gAaylotomomBovv ot THUVOTNTEG, LETEYXEPNTIKA B0 aKOAOVONGETE EIOIKEG TOMIKES
QappokevTikég odnyies. Exovv mpnbel emiong avotnpég pébodot amooteipwong Katd v

SlgpKeln VNG TNG SLdIKAGTOG.

O @axdc Tov kepatoedn mov Ba Torobetn el eivarl 6To 6TAG0 KAVIKNG peAéns. Towg
VILAPEOLV TAPEVEPYELEG KOl EVOYANGELS OO TOV POKO, 01 OTTO1eg OEV €lval aKOLO TANP®G
yvootéc. Towg, emiong, mopatnpioete aAAAYEG GTNV OPOCT) LETE TNV SL0OIKOGT0, GTIC OTTOLES
towg yperaotel ypdvog Yo va mpocappooteite. Avtég umopet va eivar OoAn dpaot, SuokoAin
oTNV £0Tioom o€ paKpva 1 koviva aviikeipeva. Towg eniong viwoete cav vo Aénete duthd

GTO XEPOVPYNUEVO HATL. AV OTOLOONTOTE OO OVTA TO GUUTTOUATO ELPOVICTOVV LETE TNV
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dwdkacia, motevovpe 6t Oa glvor N kot 6t Ba eapovioTodv petd and pio mepiodo

Myov nuep@v.

g TepInTOOoT IOV SVOGKOAEVEGTE VO, AVEYTEITE OTA TOL GUUTTMOUOTA, O YIOTPOG OOG UTOPEL VOl
AVTIOTPEYEL TNV EYXELPNOT, aQalp®VToS Tov eako Flexivue™ mov &yl epgutevtel.
Avapévetat 0Tt To GUUTTOROTE oG Ba eE0PAVIoTOVV GTASIOKA LLE TNV TAPOJ0 KATOUDV

NUEPDOV UETA TNV APOIPEST TOV ELPLTEVHOTOC.

Agv avopévetot va TpokAn0el povium PAGPN otov KEPATOEDN GOG AKOMO KO OV O (POKOG
ypeOTEL Vo LeToKvNOEl, 0ALG dEV VTTAPYEL TPOTOG VO ATOKAEICOVLE EVIEAMG TNV TOOVOTNTO

ot pmopel va tpokAnOei pio povipm PAEPN otov KepaToEdN Cag KOV 6TV 0pacT GOG .

O@éin mov 0o TpokOYoLY amd TNV peréTn

To mpocmmikd mheovEKTA TOL Ba £XETE OO TNV CLUUETOYN OOG GE OVTH TNV HEAETT givor
gvkapio vo £xeTe KOAN HOKPIVI Ko KOVTIVI] OPOICT) LETAL TNV EYYEIPTOT TOL KATAPPAKT,
Yopig va e£aptdote amd YvoAld opdoems. Avtd pumopet va Bedtidcel Ty mwoldtnto {mNg oog

KOL TNV IKOVOTNTA 060G VO AEITOVPYEITE GTO OTITL KO GTIV SOVAELA.

H ovppetoyn cog otn pelétn kot ot TAnpo@opiec ot omoieg Oa pog dMoEL avTi, 160G

HEALOVTIKG VO OQEAGEL AAAOVS OVOPDOTOLG LLE TAPOLOLES TOONCELC.

Evalhoktikég Oepameieg

EvaAloktikés pébodot yia va d1opBmBet To TpdPAnpa tng 6paons 6o, 1 OTOAEW TG
KOVTIVIIC OpOoNG LETE TNV €YYEIPTON TOV KOTOPPAKTT, £ivorl dtaBEcLes dM KoL xpOVia.
Avtég cuumepAapBAvVOLV T YOOALL OPACEMS, TOVS POKOVS ETAPNC KAl GAA®Y LOPODOV
enepPdoets. Oleg avtég etvan kKaAég emA0YEG Kot pumopeite va S1aAEEETE OTOLOONTOTE Ao

OVTEG OVTL TOV VO GUUUETACYETE GTNV UEAETN).
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EpmotevtikotnTa

O minpogopies amd avtiv TV peAéTn icmg do0ovv atov yopnyd Bro-opacng AG, kot otnv
Awoiknon @aynrtov kot @apudkmv (FDA). [TAnpoeopieg pnopet eniong va 600obHv oe
regulatory agencies oe aAleg yopes. Ta amoteléopata amd avtn TNV peAET iowg

OMUOCIELTOVY AALA 1 TOWTOTNTA Gag B etvor amdppMT.
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YrevOvvny Aniwen aclsvoic

Aniovo vredbovo:

Ot evijuepwOnka ovolotika omo tov 1atpo tov BEMMO (Bapodwoyiavveio Epyootipio
Xeipovpyikng kor Metopooysdoewv OpBoiuod) yio o mbove opein kot tovg
EVOEYOUEVOVS KIVODVOVS THS YEIPOVPYVIKNG ETEULATHS O10pBans TS KOVTIVAS Opo.onS
UETO. TNV EYYEIPNON TOD KOTOPPOKTH UE TO EVOOKEPOTOELOKO EvOeua «Flexivue T.M. ».
011 0 10TpO¢C ATAVTHOE IKAVOTOINTIKG OE OA0. HOV TO, EPOTHUOTA.

Ot yvapilw ot n xepovpyikn avty ETEUPATH OTOTEAET UEPOS KAIVIKHG UEAETNG Yio. TV
QOQYCAEIO KOL TV QTOTEAETUATIKOTNTO, TOV EVOOKEPOTOELOIKOD evOiuatog « Flexivue

T M.».

Ot éyw dofaoel kot Exw KOTOVONOEL TAPMOS TO EVIIUEPOTIKO EVTVTTO GVYKATAOEOHG.
Ot evuepwbnko. yio. Tig vIEaPYOVTES EVOALOKTIKES UeBOdOVS avTiueTOTIONS THS
OTMAELOS THS KOVTIVIS OPO.GNG UETC, TNV EYXEIPNTN TOV KOTOPPOKTH.

Ot yvawpilw ot n eméufoon e oNUIovPYIas Tov TOVVEA Kai OAES 01 UETEYYEIPNTIKES
eetaoeig Oa mpoyuaroroinfodv aro BEMMO.

Ot yvapilw ot n eyyeipnon Tov KOTappokTy Kol N EVOEoH EVOOKEPATOELOKOD
evOéuarog « Flexivue T.M.» Qo mpayuotomonBodv aro Hovemaornuioxo I eviko
Nocoxoueio Hpaxiiov.

Ot emBoum e ™ OEAnon ov VoL GOUUETEY D TE QVTHY TH UELETH.

(AcBevnc) (Huepounvia)

(Xepovpyog) (Huepopmvia)

115



Consent form for Group 2

MeiéTn THG ACPAAEINS KAl ATOTELECUATIKOTHTOS TOV EVOOKEPATOELOIKOV O10.0A0.06TIKOD
evléuatog "Flexivue T.M." ueta tny eyyeipnon tov katoppdrty ka1 Evlson evéopldiuiov

PaKov

"Evtumo cvykatdOeong

KoL EVI|PEPMON G TOV 0.60EVOVG

ITAHPO®OPIEY AYOENOYX

Ap1Ou6g avayvopiong:

Ovopo/Enovopo AcBevoig:

Ovopa epeovnn:

Tonobeoia:

Huep/via:
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Awdkacio MeréTng

Avt 1 perétn giva oyedacopévn Yo GTopa To 0ol £X0VV GKANPVVGOT) TOV KPLGTUAAOEIB0VG
(QoKOoV Kot gfval vToYnNEoL Yo gyyeipnon tov katappditn Kot Evheon evoopBdiion eaxkoo.
AOY® TNG AMMAELNG TNG KOVTIIVIG OPACTG LETA TNV APAIPEST] TOV PUGTKOV POKOV KOl
ALENUEVIC OVAYKNG Y10 OVEEAPTNTOTTOINGT At SLOAACTIKG YVOAMA, TPOTAONKE (¢ Abon M
€vBeomn evog evdokepatoeldtkov pikpopakov Flexivue™. Avtdg o pukpo@axoc ivort

GYEQOGUEVOG ETOL DGTE VO TPOCPEPEL L0l TKOVOTOMTIKY KOVTv) Opao).

Katd ) didpketo Tov evog £T0vG B VTAPYOLY TPOYPUUUATIGUEVES ETIOKEWYELS Y10 KAOE
ovppetéyovta oty peAétn . H mpd emiokeym sivon o enickeym edéyyov kprrmpiov. Katd
NV SLAPKELD OVTNG TNG EMioKEYNS 0 Y1aTpdS 60G Ba Kavel opBaipoloyikn e€€taon Kot
S1apopa. OTTIKA TECT Y10 VoL EMAANOEV0EL OTL S10OETETE TO KPLTPLOL EXMAOYNE TOV VITAPYOVV
oTNV AloTO TOV TPOTOKOALOV. AV 0 Y1ATPOG GOG ATOPUGicEL OTL i0mG £ioTE £VOC KATAANAOG
VTOYNOLOG Y10l TV HEAETY), B0 GO eENYNOEL TIC AETMTOUEPELIES OVTNG TNG HEAETNG, TA TOOVA
TAEOVEKTILLOTO, Y10l GOG KOl TOVG THavoUS KIvdOVOUS OV UTOPEL VoL GUVAVINGETE €6V
ouppetdoyete. 10 TEA0G TG e€ynong Ba cag do0el n gvkapio va KAveTe EPOTACELS GYETIKA

HE VTNV TNV HEAETT.

AV GUUE®VINCETE VO GUUUETAGYETE GE VTNV TNV LEAETN Kol POV doPAoETE AVTV TV
QOpU GLYKATAOESNC KOl GUIPMOVIGETE VO, TNV DITOYPAYETE, O EPEVVNTNG GOG Oa
mpoypappaticel va vropAndeite ot dwdikacio enépPaonc. H enéppaon Oa mpoypappatiotel
va yivel pio Kovmg amodekT NUEPOUNVIK Y10 GGG Kot TO 1Tpd oo Kot Bo ekTeLecTEL GTO
yepovpyeio mov ypnoiponotel o ophoipiatpoc cag. Xtnv opdda 11 Tpelg nuépeg Katodmy g
dnpovpyiog Tov TOLVEL Kot £VOESTG TOV EVOOKEPATOEOIKOV EVOEUATOG GTO U Kupiopyo

0pBoApo, Ba mpaypotorondel | eyyeipnomn Tov KATOPPAKTY] OUPOTEPOTAEVPO.

[Tpw yiver n dnpovpyia Tov TOVVEA, TO patt Bo avorcOntomomOet pe oQOaAIKES oTOYOVEG
OV TTEPLEXOVV TOTIKO avousOnTikd. Oa yivel amooTEIPOOT Kol TPOETOUAGIN COUPMOVO, LE TIG
dadkacieg Tov akolovbovvtan mhvta otig encpPdoetg ota patia. O yiatpdg cag Ha

ypnowomomoet o femtosecond laser yio vo dnpovpyncel Eva 6TEVO TOVVEL GTOV KEPUTOELON
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60, T0 omoio Oa £yl mepimov 3yh 6To TAATOG Ko 6-81A 610 paKpos. Méca 6e avtd t0
TOUVEL, 0 YTpoOg cag Ba tomobetroet Tov paxod Flexivue™ cg évo onpeio 6Tov KEPATOEION
7oV givol uIPocTd amd To KEVTIPO TG KOpNGS. O yatpog cag katomy Bo oag ypawet o
ocuvtayn Yo opOaipkég otaydveg Tov Bo evoTarldloviol 6TO YEPOVPYNUEVO HATL TOAAES
QOPEG TNV NUEPA Ko EMioNG ol 00.G TPOYPAULOTIOEL L0l ETIGKEYT) Y10 TAPOKOAOVON oM TV

EMOUEVT] LEPOL.

Kotd v eniokeym v npd pé€pa LETA TNV dladtkacia, o o@BaAuioTpog oag Ba Kdvet
Sapopa 0PHAALOAOYIKE TEGT KOl LETPTGELS Y10, VO EKTIUNGEL T emTuyio TG dodikaciog. O
ywTpds 6og eniong O oag (NTMOEL VO COUTANPMOGCETE Vo EPMTNUATOAIYI0 TO 0T0i0 Oa Gog

{ntd v yvoun oag yo v gyyeipnomn kot tng aArayég otnv 0pacn mov PLOVETE.

Meztd, o cag 0000V 0dnyieg Yo To Tmg Ba cuveyiceTe Ta PAppoKa Kot o

TPOYPOULULOATICTOVV Ol EMGKEYELS Y10 TOPAKOAOVONOT).

Ye ké0e pio amd avTég TIg EMOKEVELS, Ha TPayULATOTOI0VVTOL LETPNOEIS OPUCTG KO TOAAN
Kabepopéva wtpikd teot kat 0o cag (el va counAnpodoete emmpocHeta

EPOTNUOTOAIYLO.

Baowa Kprrpro Zvppetoyngs:

[No va emAeyeite yo vty TV €pevva, Oa TPETEL OTOGINTOTE:

e Noa giote 50-80 £TdV Kt VoL EYETE GKANPLVON TOV KPLGTAAAOEIBOVG POKOV KO GTOL
o600 partia.

e No unv €xete Ao 0@BoAporoykd TpoPAaTOL.

e No pmopeite vo TNPNOETE TO TPOYPOULLLO TOV HETEYYEPNTIKAOV EMICKEYEMV Y10l
TopakoAovONnon.

e Noa giote TpdOvLOL VO VTTOYPAYETE O EVILEPOTIKT POPLO CLYKATAOESTC.
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e No unv &xete o&eieg 1 ypOVIEG CLOTNUOTIKEG TOONGELS TTOL Bl PTOopovGAY VO
aLENGOLV TOVG KIVAVVOVGS TNG EYXEIPNONG 1 VAL EUTOOIGOVY TNV PUGIOAOYIKN
ddkacio emovA®oNG (TdOnon Tov GLVIETIKOD 16TOV, O10PNTNG, OTOLNONTOTE

VEOTAAGLLATIKT] VOGOC).

Evogyopeveg mapevépysies | EVoyAoelg

Kémoteg evoyAoeis katd v didpkeia kdbe opBaipkng eyyeipnong etvan avapevopeves. O
YTPOG GOG Oa YPNOIUOTOMCEL OVALGONTIKO KOAADPLO KATA TNV OAPKELN TNG EYYEIPNONG Yol

VO LEUWGEL TNV EVOYANOT GTO EAAYIGTO.

Orav mpaypotonoteitat po topn o€ £vav o@BaApnd, iIcmg vedpEovv Kivouvol Tov TPoépyovTal
amo Kokn dwayxeipion, Kok Asttovpyia 1 Kabe gidovg Adbog. ['a va eAayiotonomocovpe
AVTOVG TOVG KIVOHVOLS GTNV TTEPIMTOOT GOC, EXOVUE EKTELECEL OA TOL TEGT GTO POKO

Flexivue™,

H evoyAnon, petd v gyyeipnon, UTOpel voL LITAPYEL GTO YEPOVPYNUEVO HATL QAL OLTT)

OVOPLEVETOL VO ETVOIL TTLOL KO JUKPNG OLPKELNG.

Eniong, poidveeic pmopet va vdpEovv petd and onowadnnote opbaiporoyk enéppoocn. I'a
va glayiotomomBovv ot mOavOTNTEG, LETEYXEPNTIKA B aKOAOVONGETE EOIKES TOMIKES
eappokevTikég odnyies. Exovv pnbel emiong avotnpég pébodot amooteipwong Katd v

SlapKeLL ALTNHG TNG OLOIKAGTOG.

O @ak6g Tov KepaTogWdN Tov Ba TorobetnOel eivar 610 6TAdG10 KAVIKNG peréng. Towg
VILAPEOLV TTAPEVEPYELEG KOl EVOYANGELS OO TOV POKO, 01 OTTO1Eg OEV £lval AKOLO TANP®G
yvootéc. Towg, emiong, mopatnpoete aAAAYEG GTNV OPOGT) LETA TNV dLodKOGT0, GTIC OTTOLES
towg ypewaotel ypdvog Yo va mpocappooteite. Avtég umopet va eivar OoAn dpaoct, SuokoAin
oTNV £0Ti0ON G€ HOKPVA 1 KOVTIVA avTikeipeva. Tomg emiong vidoete cov vo PAETETE SMAL

GTO YEPOVPYNUEVO HATL. AV OTOLOONTOTE OO QLT TOL CLUTTAOUOTO ELPAVICTOVV LETA TNV
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dwdkacia, motevovpe 6t Oa glvor N kot 6t Ba eapovioTodv petd and pio mepiodo

Myov nuep@v.

g TepInTOOoT IOV SVOGKOAEVEGTE VO, AVEYTEITE OTA TOL GUUTTMOUOTA, O YIOTPOG OOG UTOPEL VOl
AVTIOTPEYEL TNV EYXELPNOT, aQalp®VToS Tov eako Flexivue™ mov &yl epgutevtel.
Avapévetat 0Tt To GUUTTOROTE oG Ba eE0PAVIoTOVV GTASIOKA LLE TNV TAPOJ0 KATOUDV

NUEPDOV UETA TNV APOIPEST TOV ELPLTEVHOTOC.

Agv avapévetatl va TpokAnOet poviun BAAPN oTov KEPATOELON GOG QKO KOL OV O POKOG
yPEWOTEL v LeToKIVNOEl, 0ALGL dEV VTTAPYEL TPOTOC VO, ATOKAEICOVLE EVIEAMG TNV TOOVOTNTO

ot pmopel va tpokAnOei pio povipm PAEPN otov KepaToEdN Cag KOV 6TV 0pacT GOG .

O@éin mov 0o TpokOYoLY amd TNV peréTn

To mpocmmikd mAeoVEKTNLA TTOL Bal £XETE OO TNV CLUUETOYN OOG GE QTN TNV HEAETT givor
gvkapio vo £xeTe KOAN HOKPIVI Ko KOVTIVI] OPOICT) LETAL TNV EYYEIPTOT TOL KATAPPAKT,
Yopig va e£aptdote amd YvoAld opdoems. Avtd pumopet va Bedtidcel Ty mwoldtnto {mNg oog

KOL TV IKOVOTNTE GOG VO AELITOVPYEITE GTO GTITL KOl GTNV OOVAELDL.

H ovppetoyn oog otn pelétn kot ot TAnpo@opiec ot omoieg Oa pog dMGEL avTH, 160G

HEALOVTIKG VO OQEAGEL AAAOVS OVOPDOTOLG e TAPOLOLES TOONCELC.

Evalhoktikég Ocpameieg

EvaAloktikés pébodot yia va d1opBmBet 1o mpdPAnpa tng 6paons 6o, 1 OTOAEW TG
KOVTIVIIC OpOoNG LETE TNV €YYEIPTON TOV KOTOPPAKTT, £ivol dobBEces dM KoL xpovia.
Avtég cuumepAaBAVOLV T YVOALL OPACEMC, TOVS POKOVS ETAPNC KAl GAA®Y LOPPDOV
enepPdoets. Oheg avtég elvar KaAég emA0YEG Kot pmopeite va S1aAEEETE OTOLOONTOTE Ao

OUTEG OVTL TOL VO GUUUETACYETE GTNV UEAETN).
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EpmotevtikotnTa

O minpogopies amd avtiv TV peAéTn icmg do0ovv atov yopnyd Bro-opacng AG, kot otnv
Awoiknon @aynrtov kot @apudkmv (FDA). [TAnpoeopieg pnopet eniong va 600obHv oe
regulatory agencies oe aAleg yopes. Ta amoteléopata amd avtn TNV PeALTN iowg

OMUOCIELTOVY AALA 1 TOVTOTNTA Gag Ba etvon amdppMT.
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YrevOvvny Aniwen aclsvoic

Anhdve vrevbova:

Ot evnuepodnka avarvtikd ard tov wtpd tov BEMMO (Boapdvoyidvvelo
Epyaotpro Xepovpyikrg kow Metapooyedcemv Ophaipov) yio ta mbavé opéin Kot
TOVG EVOEYOUEVOVS KIVODVOLGS TNG XEPOLPYIKNG enEUPacns dtopOmong TG KOVIIvig
OpPOOTG LETA TNV EYXEIPNON TOL KATAPPAKTN LE TO EVOOKEPATOEIKO EVOELQL
«Flexivue T.M.».

O11 0 10TpdG AMAVINGE IKAVOTOMTIKA GE OAL LLOV TOL EPMTLATA.

Ot yvopilo 6tT1 N xepovpyikn avth enéufoacn omotedel LEPOG KAVIKNG LEAETNS Y10
TNV 0GPAAELD KOL TV OTTOTEAECUOTIKOTITO TOV EVOOKEPATOEIOKOD EVOEUATOG «
Flexivue T.M.».

Ot éym daPdost Kot £xm KATOVONGEL TANPMOG TO EVIUEPOTIKO EVIVTO GLYKATAOESNC.
Ot evnuepmOnka yio TI VTAPYOVGES EVOALUKTIKES HEBOOOVG AVTILETOTIONG TNG
ATMOAELNG TNG KOVTIVIG OPAIOTG LETA TNV EYXEIPTOT TOL KATOPPAKTY).

Ot yvopilo 6t n évBeon evdokepatoetdikon eviépatog « Flexivue T.M.» kot OAeg ot
peteyyelpnTikég eEetdoelg Oa mpayparorombovv cto BEMMO.

Ot yvopilo 6t n eyyeipnon tov Katappaktn Oa Tpaypatorondet oto
[Mavemompuokd [N'evikd Nocsokopeio HpaxAiov.

Ot emBopd pe m BEAN0N OV VAL GUUUETEY® GE VTNV TN UEAETN.

(AcBevnc) (Huepopnvia)

(Xepovpyde) (Hpepounvia)
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Consent form for Group 3

MeléTn THS ACPALELAS KOl ATTOTEAECUATIKOTHTAS TOVD EVOOKEPATOELOIKOD O10.0A0.6TIKOD
evléuatog "Flexivue T.M." uetad tny eyyeipnon tov katoppdrty Kai Evlson evéopldiuiov

PaAK0D

"Evtumo cvykatdOeong

KOl EVIREPMOT S TOV 0.60EVOVG

I[TAHPO®OPIEY AYOENOYX

Ap1Buog avayvopiong:

Ovopo/Enovopo AcBevoug:

Ovopa epeovnn:

Tonobeoia:

Huep/via:
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Awdkacio MeréTng

Avt 1 perétn giva oyedacopévn Yo GTopa To 0ol £X0VV GKANPVVGOT) TOV KPLGTUAAOEIB0VG
QoKOV Kol eival VTOYNPLOL Yo gyxeipnom Tov Katappdktn Kot EvOeon evooeOdAUION @aicoD.
AOY® TNG AMMAELNG TNG KOVTIIVIG OPACTG LETA TNV APAIPEST] TOV PUGTKOV POKOV KOl
ALENUEVIC OVAYKNG Y10 OVEEAPTNTOTTOINGT At SLOAACTIKG YVOAMA, TPOTAONKE (¢ Abon M
€vBeomn evog evdokepatoeldtkov pikpopakov Flexivue™. Avtdg o pukpo@axoc ivort

GYEQOGUEVOG ETOL DGTE VO TPOCPEPEL L0l TKOVOTOMTIKY KOVTv) Opao).

Katd ) didpketo Tov evog £T0vG B VTAPYOLY TPOYPUUUATIGUEVES ETIOKEWYELS Y10 KAOE
ovppetéyovta oty peAétn . H mpd emiokeym sivon o enickeym edéyyov kprrmpiov. Katd
NV SLAPKELD OVTNG TNG EMioKEYNS 0 Y1aTpdS 60G Ba Kavel opBaipoloyikn e€€étaon Kot
S1apopa. OTTIKA TECT Y10 VoL EMAANOEV0EL OTL S10OETETE TO KPLTPLOL EXMAOYNE TOV VITAPYOVV
oTNV AloTO TOV TPOTOKOALOV. AV 0 Y1ATPOG GOG ATOPUGicEL OTL i0mG £ioTE £VOC KATAANAOG
VTOYNOLOG Y10l TV HEAETY), B0 GO eENYNOEL TIC AETMTOUEPELIES OVTNG TNG HEAETNG, TA TOOVA
TAEOVEKTILLOTO, Y10l GOG KOl TOVG THavoUS KIvdOVOUS OV UTOPEL VoL GUVAVINGETE €6V
ouppetdoyete. 10 TEA0G TG e€ynong Ba cag do0el n gvkapio va KAveTe EPOTACELS GYETIKA

HE VTNV TNV HEAETT.

AV GUUE®VINCETE VO GUUUETAGYETE GE VTNV TNV LEAETN Kol POV doPAoETE AVTV TV
QOpU GLYKATAOESNC KOl GUIPMOVIGETE VO, TNV DITOYPAYETE, O EPEVVNTNG GOG Oa
wpoypappaticel va vroPAndeite ot dadikacio eneppdcewc. Ot enepPdoetg o
TPOYPOUUATIOTOOV VO YIVEL il KOWVAG OTOEKTH NUEPOUNVID Yo GGG KOl TO 1TPO GOG Ko
Ba extereotel 610 YEPOLPYELD OV YpNCLOTOIEL 0 0PBaApiaTpOg cag. Ztnv opdda I Tpelg
LVES LETA TNV €YXEPNON TOV KATOPPAKTN OUPOTEPOTAEVPO B TpayLaToTon el

dnpovpyio Tov ToHVEL Ko £vBeom Tov evBEpaToC.

[Tpw yiver n dnpovpyia Tov TOVVEA, TO patt Bo avorcOntomombel pe oQOaAIKES oTOYOVEG
OV TTEPLEXOVV TOTIKO avousOnTikd. Oa yivel amooTEIPOOT Kol TPOETOUAGIN GOUPMOVO, LE TIG
dadkacieg mov akolovbovvtan mhvta otig encpPdoetg ota pdtia. O yiatpdg cag Ha

ypnowomomoet o femtosecond laser yio vo dnpovpynceL Eva 6TEVO TOVVEL GTOV KEPUTOELON
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60, T0 omoio Oa £yl mepimov 3yh 6To TAATOG Ko 6-81A 610 paKpos. Méca 6e avtd t0
TOUVEL, 0 YTpoOg cag Ba tomobetroet Tov paxod Flexivue™ cg évo onpeio 6Tov KEPATOEION
7oV givol uIPocTd amd To KEVTIPO TG KOpNGS. O yatpog cag katomy Bo oag ypawet o
ocuvtayn Yo opOaipkég otaydveg Tov Bo evoTarldloviol 6TO YEPOVPYNUEVO HATL TOAAES
QOPEG TNV NUEPA Ko EMioNG ol 00.G TPOYPAULOTIOEL L0l ETIGKEYT) Y10 TAPOKOAOVON oM TV

EMOUEVT] LEPOL.

Kotd v eniokeym v npd pé€pa LETA TNV dtadtkacia, o o@BaAuioTpog oag Ba Kdvet
Sapopa 0PHAALOAOYIKE TEGT KOl LETPTGELS Y10, VO EKTIUNGEL T €mtvyio TG dodikaciog. O
ywTpds 6og eniong B oag (NTMOEL VO COUTANPMOGCETE Vo EPMTNUATOAIYI0 TO 0moi0 Ba Gog

{ntd v yvoun oag yo v gyyeipnomn kot tng aArayég otnv 0pacn mov PLOVETE.

Metd, o cag 0000V 0dnyieg Yo To Tmg Ba cuveyiceTte Ta PappoKka Kot Oo

TPOYPOULULATICTOVV Ol ETGKEYELS Y10 TOPAKOAOVONOT).

Ye ké0e pio amd avTég TIg EMOKEVELS, Oa TPayULATOTO0VVTOL LETPNOEIS OPUCTG KO TOAAN
Kabepopéva wtpikd teot kat 0o cag (el va counAnpodoete emmpocHeta

EPOTNUOTOAIYIO.

Baowa Kprripro Zvppetoyns:

[No va emAeyeite yo vty TV €pevva, Oa TPETEL OTOGINTOTE:

e Noa giote 50-80 £TdV KO VoL EYETE GKANPLVON TOV KPLGTAAAOEIOOVG POKOV KO GTOL
o600 partia.

e No unv €xete Ao 0@BoApoAoyKd TpoPAaTOL.

e No pmopeite vo TNPNOETE TO TPOYPOULLLLO TOV HETEYYEPNTIKAOV EMICKEYEMV Y10l
TopakorovOnon.

e Noa giote TpdOLOL VO VTTOYPAYETE Ol EVILEPOTIKT POPLO CLYKATAOESNC.
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e No unv &xete o&eieg 1 ypOVIEG CLOTNUOTIKEG TOONGELS TTOL Bl PTOopovGAY VO
aLENGOLY TOVS KIVAVVOVGS TNG EYXEIPNONG 1 VA EUTOSICOVY TNV PLGIOAOYIKN
ddkacio emovA®oNG (TdOnon Tov GLVIETIKOD 16TOV, O10PNTNG, OTOLNONTOTE

VEOTAAGLLATIKT] VOGOC).

Evogyopeveg mapevépyeies | evoyinoelg

Kdamnoteg evoyAoeig katd v dapketo KaBe opOaiikng eyyxeipnong etvan avoapevopevee. O
YTpOG GOG Oa YPNOIUOTOMCEL OVALTONTIKO KOAADPLO KATA TNV OdpKELR TNG EYYEIpPNONG Yo

VO LEUDGEL TNV EVOYANOT GTO EAAYLGTO.

Orav mpaypotomoteitan po topn o€ €vav o@BaApnd, iI6mg vdpEovy Kivovvol Tov TPoépyovTal
amo Kokn dayxeipion, Kok Asttovpyia 1 Kabe gidovg Adbog. I'a va ehayiotonomocovpe
OVTOVG TOVG KIVOVVOVE OTNV TEPIMTOGT OOC, EXOVLE EKTELEGEL OAO TOL TECT GTO POKO

Flexivue™,

H evoyAnon, petd v gyyeipnon, UTOpel voL LITAPYEL GTO YEPOVPYNUEVO HATL QAL OLTN)

aVapLEVETOL VO ETVOL TTLoL Kot JUKPNG OLPKELNG.

Eniong, pordvoelg pmopel va vdpEovv petd and omoradnmote ophoiporoykn enéppaon. o
va glaylotomomBovv ot mOavOTNTEG, LETEYXEPNTIKA B0l 0KOAOVONGETE E1OIKES TOMIKES
QOPUOKEVTIKEG 00MYies. 'Exyovv tnpnbel emiong avompég pébodot amooteipmong Katd tnv

SlapKeL ALTNHG TNG OLOIKAGTOG.

O @ak6g Tov KepaTogwdn mov Ba TorobetnBel eivar 610 6TAdG10 KAVIKNG peAéng. Towg
VILAPEOLV TTAPEVEPYELEG KOl EVOYANGELS OO TOV OKO, 01 0OTTO1eg OEV £lval aKOLO TANP®G
yYvootés. Tomg, eniong, mapoatnpoeTe aAloyEG GTHV OPOCT] LETA TNV SLOOIKOGT0, GTIG OTOTES
{owg ypelootel xpOVOC Yo va Tposapprooteite. Avtég pmopet va gival BoAr dpact, Suvokorio

oTNV €0Ti0OT 68 LaKPVA 1] KovTva avTikeipeva. Towg emiong viwoete cav vo, PAETETE duTAd
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GTO XEPOVPYNUEVO HATL. AV OTOLOONTOTE OO OVTA TO GUUTTOUATO, ELPOVICTOVV UETE TNV
dwdkacia, motevovpe 6t Oo glvon Nma kot 6T Ba eapovioTodv petd and pio mepiodo

Myov nuep@v.

Y& mePInTMOT TOL SVCKOAEVEGTE VAL AVEYTEITE AVTA TOL GUUTTMOOTA, O YIOTPAS GOG LUTOPEL VoL
AVTIOTPEYEL TNV EYXELPN O, aQalp®VvToS Tov eako Flexivue™ mov &yl epgutevtel.
Avopéveror 6Tt To GUUTTONOTE oG Oa £0PAVIGTODV GTASIAKA LLE TNV TAPOS0 KATOU®V

NUEPDOV UETA TNV APOIPEST TOV ELPLTEVHOTOC.

Agv avopévetat va TpokAn0el povium PAGPN otov KEPATOEDN GOG AKOMO KO OV O (POKOG
ypeotel va petokivnOel, aALd dev VITAPYEL TPOTOG VO ATOKAEICOVLE EVIEAMG TNV THOVOTHTO

ot pmopel va tpoxkAnOei pio povipm PAEPN otov KepaToEdn cag Ko 6Ty 0pact GG .

O@éin mov 0o TpokOYoLY amd TNV peréTn

To mpocmmikd mAeovEKTNA TOL Ba £XETE OO TNV CLUUETOYN OOG GE QTN TNV HEAETN givor
gvkapio vo £xeTe KOAN LOKPIVI] KO KOVTIVI] OPOIGT) LLETAL TNV EYXEIPMOT TOL KATAPPAKT,
Yopig va e£aptdote amd YVoAld opdoems. Avtd pumopet va Bedtidcel Ty moldtnto {mNg oG

KOIL TNV IKOVOTNTA G0G Vo AEITOVPYEITE GTO OTITL KOl GTIV OOVAELM.

H ocvppetoyn cog otn pekétn kot ot tAnpogopieg ot omoieg Oa pog dMGEL 0T, 160G

HEALOVTIKG VO OQEAGEL GAAOVS OVOPDOTOLG e TAPOLOLES TOONCELC.

Evarhoktikég Oepameieg

Evoldaxtikég pébodot yia va d10pBmbel o mpdPAnua g dpaong oac, 1 ATMOAELL TNG
KOVTIVIIC OpOoNG LETE TNV €YYEIPTON TOV KOTOPPAKTT, £ivorl dtabEécec dm Ko xpovia.
AVTEC suumEPIAAUPAVOLV TO YVAALL OPACEMS, TOVG POKOVS ETAPNC KOl AAA®Y LOPPDOV
enepPdoets. Oheg avtég etvar kKaAég emA0YEG Kot pmopeite va S1aAEEETE OTOLOONTOTE Ao

OVTEG OVTL TOV VO GUUUETACYETE GTNV LEAETN.
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EpmotevtikotnTa

O minpogopies amd avtiv TV peAéTn icmg do0ovv atov yopnyd Bro-opacng AG, kot otnv
Awoiknon @aynrtov kot @apudkmv (FDA). [TAnpoeopieg pnopet eniong va 600obHv oe
regulatory agencies oe aAleg yopes. Ta amoteléopata amd avtn TNV PeALTN iowg

OMUOCIELTOVY AALA 1 TOVTOTNTA Gag Ba etvon amdppMT.
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YrevOvvny Aniwen aclsvoic

Anhdve vrevbova:

Ot evnuepodnka avarvtikd ard tov wtpd tov BEMMO (Boapdvoyidvvelo
Epyaotpro Xepovpyikrg kow Metapooyedcemv Ophaipov) yio ta mbavé opéin Kot
TOVG EVOEYOUEVOVS KIVODVOLGS TNG XEPOLPYIKNG enEUPacns dtopOmong TG KOVIIvig
OpPOOTG LETA TNV EYXEIPNON TOL KATAPPAKTN LE TO EVOOKEPATOEIKO EVOELQL
«Flexivue T.M.».

O11 0 10TpdG AMAVINGE IKAVOTOMTIKA GE OAL LLOV TOL EPMTLATA.

Ot yvopilo 6tT1 N xepovpyikn avth enéufoacn omotedel LEPOG KAVIKNG LEAETNG Y10
TNV 0GPAAELD KOL TV OTTOTEAECUOTIKOTITO TOV EVOOKEPATOEIOKOD EVOEUATOG «
Flexivue T.M.».

Ot éym daPdost Kot £xm KATOVONGEL TANPMOG TO EVIUEPOTIKO EVIVTO GLYKATAOESNC.
Ot evnuepmOnKa yio TI VTAPYOVGES EVOALOKTIKES LEBOOOVG AVTILETOTIONG TNG
ATMOAELNG TNG KOVTIVIG OPAIOTG LETA TNV EYXELPTOT TOL KATUPPAKTY).

Ot yvopilo 6t n évBeon evdokepatoetdikov eviépatog « Flexivue T.M.» kot OAeg ot
peteyyelpnTikég eEetdoelg Oa mpayparorombovv cto BEMMO.

Ot yvopilo 6t n eyyeipnon tov Katappaktn Oa wpaypatorondet oto
[Mavemomuokd [Nevikd Nocsokopeio HpaxAiov.

Ot emBopd pe m BEAN0N OV VAL GUUUETEY® GE VTNV TN LEAETN.

(AcBevnc) (Hpepounvia)

(Xepovpyde) (Hpepounvia)
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Appendix 2

table

ision score

Near v

DAEH:

AA

AIQDOAAMA

APIETEPOQ

Zlo

AE!

% CM

14
1.3
1.2
11
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Scora:

Scora:

Score!

ARM LENTGH~EE CM:

Scora:

11
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
01

0.1

02 | P
0.3

| Scora:

Score!
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Appendix 3

Patient Satisfaction Questionnaire

1. How does the patient perceive | Excellent Good Fair Poor
his/her binocular uncorrected
distance vision?
2. How does the patient perceive | Excellent Good Fair Poor
his/her uncorrected distance vision
in the study eye?
3. How does the patient perceive | Excellent Good Fair Poor
how his/her uncorrected near
vision?
4. How frequently does the patient | No use Use of Use of glasses Use of
use glasses for near? of glasses more than 50% glasses
glasses less than almost
50% always
5. How frequently does the patient No use Use of Use of glasses Use of
use glasses for far? of glasses more than 50% glasses
glasses less than almost
50% always
6. Does the patient experience No Sometimes | Very frequently | Always
halos?
7. Does the patient experience No Sometimes | Very frequently | Always

glare?
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Abstract

Purpose: To present a case of cataract surgery performed in a patient with a refractive corneal inlay in

place.

Methods: A 48-year-old female patient presented to our institute with bilateral cataract. The patient had
undergone refractive corneal inlay implantation three years ago in her right, nondominant eye for
presbyopia correction. Biometry and intraocular lens (IOL) power calculation were performed without
removing the inlay. Phacoemulsification and IOL insertion were carried out in both eyes in a usual

manner.

Results: On day one postoperatively, the patient achieved binocular uncorrected distance visual acuity
20/20 and uncorrected near visual acuity J1. The vision remained stable during the one year follow-up

period.

Conclusion: Cataract surgery was performed in a standard manner in a patient with Presbia Microlens™

corneal inlay in place. Visual outcomes for both near and distance vision were satisfactory.
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Introduction

In recent years, several corneal procedures have been proposed for presbyopia treatment including
monovision laser in situ keratomileusis (LASIK), photorefractive keratectomy (PRK), conductive
keratoplasty (CK), presbyopic LASIK (presbyLASIK), and more recently, the IntraCor technique and the
corneal inlay [1]. The biggest advantage of corneal inlays is the fact that they are additive and do not
remove tissue, and they therefore preserve future options for any kind of presbyopia correction as
discussed by Lindstrom et al. [2]. Corneal inlays are placed under stromal flaps or inside stromal pockets
made by microkeratomes or femtosecond lasers. Different inlay models are reported to use different
mechanisms to compensate for accommodation loss, such as positive refractive power, change of anterior

corneal curvature, or increase of the depth of field by fixed small aperture [3].

The satisfactory outcomes regarding efficacy and patients’ satisfaction after the inlay implantation for
presbyopia could be changed by cataract development, due to the normal aging process, resulting in
vision deterioration. Given that the number of presbyopic patients with the corneal inlays is increasing, it

1s important to address some issues regarding cataract surgery in these patients.

We describe our experience of cataract surgery in a patient with the Presbia Microlens™ corneal inlay in

place.
Case Presentation

A 48-year-old female patient presented to our institute with a history of blurred vision for the last six
months. The patient had undergone refractive corneal inlay implantation three years ago in her right,
nondominant eye for presbyopia correction. At presentation, the patient had uncorrected distance visual
acuity (UDVA) 20/40 in the right eye, 20/32 in the left eye and binocularly 20/32. Uncorrected near
visual acuity (UNVA) was J1 in the right, J3 in the left and binocularly J1. The patient achieved corrected
distance visual acuity (CDVA) 20/32 with refraction +1.00-1.25x180 in the nondominant and 20/25 with
+0.75-0.25x165 in the dominant eye. Slit lamp examination revealed nuclear sclerosis and posterior
subcapsular cataract (NC3 and P3 according to the Lens Opacities Classification System III (LOCS III))

in both eyes [4]. The remaining anterior and posterior segment findings were unremarkable.
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After we discussed all options, the patient opted for bilateral cataract surgery without removal of the
corneal inlay, in order to improve her far and preserve near vision and spectacle independence. The

written informed consent was obtained from the patient.

Routine preoperative evaluation for cataract surgery was performed. Biometry was performed with [OL
Master (Carl Zeiss Meditec, Jena, Germany) in a usual manner. The surgeon opted for intraocular lens
(I0L) power calculated with SRK-T formula for a one-piece monofocal intraocular lens (AcrySof 1Q

SN60WF, Alcon), targeting emmetropia.

The bilateral cataract extraction with phacoemulsification and posterior chamber IOL implantation was
carricd out first in the nondominant and two days later in the dominant eye, which is the surgeon’s usual
approach. The surgeries were performed under sterile conditions with topical anaesthesia. A clear corneal
incision of 2.8 mm was made, and an anterior curvilinear capsulorhexis of 5.5 mm was performed.
Phacoemulsification was performed using the Infiniti Vision System (Alcon, Laboratories Inc, Fort
Worth, TX), with thorough cortical removing and meticulous cleaning of the posterior capsule and
anterior capsular leaflets. After phacoemulsification and lens removal, the IOLs (AcrySof 1Q SN6OWF
OD +21.5D and OS +21.5D) were implanted into the capsular bag using the standard injector device. The

surgery was uneventful in both eyes. (Figure 1.)

Postoperative topical therapy included topical antibiotic-steroid drops (tobramycin/dexamethasone,
Tobradex; Alcon Laboratories Inc, Ft Worth, Texas) four times a day for 4 weeks with a weekly tapering

regimen.

On postoperative day one, the patient had UDVA 20/40 in her right (OD) and 20/20 in her left eye (OS),
20/20 binocularly and UNVA OD J1 and OS J3, binocularly J1. One year postoperatively, the patient
yielded UDVA of 20/32 in the nondominant and 20/20 in the dominant eye, CDVA of 20/20 bilaterally
with manifest refraction +0.25-1.25x170 and +0.50, respectively. The patient had binocular UDVA 20/20
and UNVA J1. Topography findings did not show significant change before and after cataract surgery.
(Figure 2.)

No complications were recorded on any of the follow-up visits. The patient was happy with the final

visual outcome and remained spectacle-free.
Discussion

Intrastromal corneal inlays are a new modality for presbyopia correction. The Presbia Microlens™

(Presbia, Amsterdam, Netherlands) is a transparent, hydrophilic disc with 3 mm diameter and
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approximately 15 pm edge thickness. The central 1.6 mm diameter of the disc is plano in power and the
peripheral zone has the additional positive power. The lens has a bifocal optical system which acts as
modified monovision and is inserted into the intrastromal corneal pocket made by femtosecond laser in
the nondominant eye. Our previous study showed that refractive corneal inlay is safe and effective
method for presbyopia correction [5]. However, some patients may eventually develop cataract and
require cataract surgery. At present, there are several available options, including cataract surgery with
the inlay in place, inlay removal followed by cataract surgery and subsequent inlay re-implantation and
inlay removal followed by cataract surgery with implantation of an accommodative or multifocal
mtraocular lens. However, if a patient is does not wish to remove the refractive inlay, then monofocal
mntraocular lens should be used. When choosing the IOL power, emmetropia should be targeted, given

that the Presbia Microlens™ is a refractive lens (with positive refractive power).

The major concerns regarding cataract surgery with a corneal inlay in place are the accuracy of
preoperative evaluation and biometry readings, technical aspects of the surgery and visual outcomes. In
our case, the preoperative evaluation was performed in a standard manner. The slit-lamp evaluation of
anterior and posterior segment was not affected by the inlay, due to its transparency. Fundus and
iridocorneal angle examination with Goldmann three-mirror contact lens have been performed without

any difficulty.

The results of manifest refraction one year after surgery in both eyes suggest that biometry readings and
I0L power calculations were reasonably accurate. Biometry findings taken from IOL Master and
calculated refraction are presented in Table 1. Regarding the formulas, it would seem that both SRK/T
and HofferQ provided satisfying results, but one case is not sufficient to establish validity of either

formula in patients with Presbia Microlens™.

Technical aspects of the surgical procedure were not in the least affected by Microlens™. The transparent
inlay provides excellent visibility through the operating microscope and allows all the usual surgical

manipulations.

In conclusion, in our case phacoemulsification and intraocular lens implantation were performed in a
patient with Presbia Microlens™ corneal inlay without any modification or additional surgical
manocuvre. Visual outcomes for both near and distance vision were satisfactory. The inlay does not
appear to have had significant effect on biometry or IOL power calculation. However, larger studies are
neceded for drawing definite conclusions regarding safety and visual outcome of cataract surgery with the
refractive corneal inlay in place, as well as to establish the appropriate formula for calculation of

intraocular lens power.
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Figure 1. A slit-lamp retroillumination photograph of the Presbia Microlens ™ and intraocular lens

rMaACE. . rtracev,

Figure 2. Corneal Topography maps preoperatively and one year after the cataract surgery (the map on
the upper right is preoperative and the lower right is one year postoperative axial map, the map on the left

is the pre- and postoperative axial differential map)
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Manifest
SRK/T | HofferQ | Haigis Refraction
AL(mm) | K1(D) | K2(D) | ACD(mm)

Ref(D) | Ref(D) Ref(D) after cataract

surgery (D)

+0.25-
oD 24.67 39.79 | 41.31 | 348 -0.06 0.5 0.76

1.25x170
0s 24.54 3999 [40.71 | 3.40 -0.03 Q5 0.70 +0.50

Table 1. Biometry readings, target refractions for +21.5D intraocular lens calculated with three different
formulas and manifest refraction one year after surgery (Abbreviations: AL, axial length; K1,K2,

Keratometry readings; ACD, anterior chamber depth; Ref (D), calculated refraction)
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CASE REPORT

Refractive corneal inlay for near vision
improvement after cataract surgery

We present the case of a patient who had refractive corneal inlay implantation for near vision
improvement after bilateral cataract surgery. The patient had a history of bilateral cataract, and
a 2-step procedure was suggested to improve her near and distance visual acuities. The first
step was bilateral cataract extraction with a power target of plano intraocular lens implantation.
Six months later, a refractive corneal inlay, Presbia Microlens, was implanted in the nondominant
eye in the intracorneal pocket made with the femtosecond laser. No intraoperative or postoperative
complications occurred. The bilateral uncorrected near visual acuity improved from less than
Jaeger (J)6 to J1 and remained stable during the 2-year follow-up. The refractive corneal inlay
is a safe, simple, and efficient method for improving near visual acuity in patients after cataract
surgery.
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Cataract surgery is one of the most common surgical
procedures in ophthalmology. The number of cata-
ract patients is growing due to the increasing aging
population. The current standard surgical procedure
involves removal of the opaque crystalline lens fibers
with phacoemulsification, followed by implantation
of an intraocular lens (IOL) in the capsular bag.
Because patients' demand for spectacle independence
has increased, several methods to compensate for the
accommodation loss after cataract surgery have been
proposed.’ Accommodating IOLs use ciliary muscle
contraction to change the dioptric power of the eye
by focus shift.” Multifocal 1OLs use diffractive or
refractive technology to provide near, intermediate,
and distance vision.” The monovision technique
corrects 1 eye for near vision and the other eye for
distance vision.® Although these techniques are
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good options for improving near visual acuity after
cataract surgery, the single perfect solution has not
been found.

Recently, a cornea-based approach to improve near
vision in patients with presbyopia was introduced.
Corneal inlays are placed under stromal flaps or inside
stromal pockets made by special microkeratomes or
femtosecond lasers. Different models use different
mechanisms to compensate for accommodation loss,
such as positive refractive power, change of anterior
corneal curvature, or an increase in the depth of field
by fixed aperture (pinhole).”® The Presbia Microlens
(Presbia Codperatief U.A.) is a transparent hydrophilic
acrylic disk with a 3.0 mm diameter and an edge thick-
ness of 15 pm. The peripheral zone contains the near
vision power, and the central 1.6 mm of the disk has
no refractive effect (plano). The inlay comes in a
range of refractive powers from +1.50 diopters (D)
to +3.50 D. At the center of the disk is a 0.51 mm dia-
meter hole. The inlay is inserted in an intrastromal
corneal pocket created in the nondominant eye.

Our previous study of this inlay showed it is safe
and effective for the improvement of uncorrected
near visual acuity in presbyopic patients.” We present
a case in which the patient had bilateral cataract sur-
gery followed by corneal inlay implantation in the
nondominant eye 6 months later for improvement of
near visual acuity.

0886-3350/8 - see front matter
http://dx.doi.org/10.1016/.jcrs.2014.05.016
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CASE REPORT: REFRACTIVE CORNEAL INLAY FOR NEAR VISION IMPROVEMENT

CASE REPORT

A 61-year-old woman presented to our clinic with a history
of blurred vision for the previous 2 years. The uncorrected
distance visual acuity (UDVA) was 20/200 in the right eye
and 20/400 in the left eye. The uncorrected near visual acuity
(UNVA) was less than Jaeger (J)6. The corrected distance vi-
sual acuity (CDVA) was 20/20 in the right eye and 20/50 in
the left, with a manifest refraction of —6.25 —1.00 x 85 and

7.75 —1.75 x 90, respectively. Slitlamp examination re-
vealed a nuclear cataract in both eyes, with a more advanced
cataract in the left eye. Additional ophthalmic examination
findings were unremarkable.

After thorough discussion with the patient of the options
and considering her desire for spectacle independence, a 2-
step procedure consisting of bilateral cataract surgery fol-
lowed by refractive corneal inlay implantation in the
nondominant eye was chosen. A complete preoperative
evaluation was performed, including biometry (IOLMaster,
Carl Zeiss Meditec AG) and IOL power calculation, eye
dominancy test, and monovision contact lens trial. Informed
written consent was obtained for the procedures.

All surgical procedures were performed by the same
experienced surgeon (I.G.P.). The cataract surgery was per-
formed first in the nondominant eye (left eye) and 2 days
later in the dominant eye (right eye), which is the usual
practice in our clinic. The IOL powers selected for implan-
tation targeted plano in both eyes. The cataract extraction
was done in a standard manner by phacoemulsification in
sterile conditions and under topical anesthesia. After the
nucleus and cortical fibers were removed, monofocal TOLs
(right eye +16.5 D and left eve +15.0 D, Acrysof 1Q
SN60WF, Alcon Laboratories, Inc.) were implanted in the
capsular bag using the standard injector device. The sur-
geries were uneventful in both eyes, and the IOLs were
well-centered. Postoperative therapy included topical
antibiotic and steroid drops (tobramycin and dexametha-
sone [Tobradex]) 4 times a day for 4 weeks with a weekly
tapering regimen.

Six months after cataract surgery, the patient returned for
the corneal inlay implantation. The pre-implantation
UDVA was 20/20 in the dominant eye, 20/25 in the
nondominant eye, and 20/20 binocularly; the UNVA was
Jaeger (])3 in both eyes and binocularly J3 at 30 cm. After
implantation, the CDVA was 20/20 in the right eye and
20/20 in the left eye with a refraction of +0.50 —0.75 x 70
and plano —0.75 x 70, respectively. The UDVA, UNVA,
and CDVA in the dominant eye remained stable through
the last follow-up examination. The refractive corneal inlay
power (+1.50 D) was selected based on the patient's near
vision correction with spectacles and considering her near
vision needs at approximately 45 cm.

An intrastromal corneal pocket was created in the
nondominant eye using a femtosecond laser (iFS,
Intralase, Abbott Medical Optics, Inc.) under topical anes-
thesia. The femtosecond laser parameters used to create
the pocket are shown in Table 1. A 300 pm deep channel
measuring 4.2 mm in width was created temporally and
then extended to the center of the cornea corresponding
to the visual axis. A special injector (Presbia Cobperatief
U.A.) was used to insert the inlay in the pocket. The inlay
was centered at the line of sight using the microscope
and centration green light of the excimer laser (Allegretto
Wave 400, Wavelight Technologie AG). After inlay implan-
tation, an evaluation with anterior segment optical coher-
ence tomography (Visante 3.0, Carl Zeiss Meditec AG)

1233

Table 1. The femtosecond laser parameters used for creation of
the pocket.
Channel width 4.2 mm
Channel depth 300 pm
Channel spot separations 3um
Channel line separations 3 pm
Energy 0.75 uJ
Side-cut energy 1.20 pJ
>-cut radius 4.5 mm
-cut angle 30 degrees
Side-cut spot separation 6 pm
Side-cut layer separation 6 pm

was performed and the position of the inlay and the depth
of the corneal intrastromal pocket were confirmed
(Figure 1). Postoperatively, the patient was treated with
topical antibiotic and steroid drops (tobramycin and dexa-
methasone) 4 times a day for 10 days.

One month after inlay implantation, the UDVA was 20/32
and the UNVA was J1 in the operated eye; the UDVA was
20/20 and the UNVA J1 binocularly. The CDVA in the
nondominant eye was 20/25 with a manifest refraction of
—2.00 —0.50 % 150. The patient was happy and reported
no need for reading glasses (Figure 2).

Two years after cataract surgery, the patient began to
complain of blurred vision in the nondominant eye. On
examination, the UDVA was 20/50 and the UNVA was
J1; however, the patient was reading with some difficulty.
The slitlamp examination showed posterior capsule opaci-
fication (PCO). The patient was scheduled for neodymiu-
m:YAG (Nd:YAG) capsulotomy, which was performed in
the standard manner, and no complications occurred
during or after capsulotomy. At the last follow-up exami-
nation 6 months later, the UDVA was 20/20 in the domi-
nant eye and 20/32 in the nondominant eye. The UNVA
was J3 and J1, respectively, and binocular UDVA was
20/20 and UNVA was J1. The CDVA was 20/20 in the
dominant eye and 20/25 in the nondominant eye with a
refraction of +0.25 —0.50 x 70 and —2.00 sph, respec-
tively. The patient remained spectacle independent and
very happy.

Figure 1. Anterior segment optical coherence tomography showing
the inlay inside the corneal intrastromal pocket.
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Figure 2. Slitlamp retroillumination photograph of the comeal inlay
and IOL.

DISCUSSION

Improving near visual acuity in presbyopic patients or
after cataract surgery is one of the most challenging
tasks in refractive surgery today. Options currently
available to refractive surgeons include accommoda-
ting IOLs, multifocal IOLs, and monovision tech-
niques. Although accommodating IOLs appear to
provide better near vision than monofocal IOLs, there
are reports of inconsistent results and lens tilt causing
reduced visual quality.*” The major drawback of
monovision techniques is that the patient may have
difficulties in binocularity and stereopsis.'’ Multifocal
I0Ls create a range of optical foci: near, distant, and in-
termediate. Because of the multifocality, the defocused
image causes blurring of the focused image and re-
duces modulation. Multifocal IOLs provide functional
vision for all distances but, at the same time, create
quality issues such as reduced contrast sensitivity
and visual symptoms such as glare, halo, and prob-
lematic night vision.""""”

Recently, several intrastromal corneal inlays to
improve near vision in presbyopia patients have been
introduced. Our positive experience with the Presbia
Microlens in our previous study led us to use the
same technique in this patient.” The refractive corneal
inlay is a bifocal optical system that provides patients
with modified monovision. During far vision, the rays
pass through the central zone of the inlay without
refractive effect and are sharply focused on the retina,
whereas the rays that pass through the refractive pe-
ripheral zone are out of focus in front of the retina. Dur-
ing near vision, the rays that pass through the central
zone are out of focus behind the retina and the rays

that pass through the lens peripheral refractive zone
are focused on the retina.

In the case presented, the patient's binocular UNVA
improved after inlay implantation from J3 to J1 using a
refractive power of +1.50 D, which was customized to
the patient's reading needs. Since the inlay is available
in a range of refractive powers, the surgeon is able to
provide the patient with improvement in near vision
at the distance the patient is comfortable with, which
is based on specific patient needs and preferred work-
ing or reading distance. Based on these considerations,
the surgeon can select the appropriate power for the
inlay in exactly the same manner as for near-vision
glasses..F Preoperative evaluation and patient selection
is important when considering use of this technology.
First, based on our previous experience with this inlay,
patients selected for implantation should have strong
ocular dominance and a positive experience with a
monovision trial. Patients who cannot tolerate mono-
vision are not good candidates for this procedure. Sec-
ond, patient motivation is important. Patients who
wish to be spectacle independent are, in our experi-
ence, the best candidates. The reason seems to be
that although less than in standard monovision tech-
niques, there is a difference in vision between the
dominant eye and the nondominant eye. Motivated
patients and those with a positive monovision trial
may more easily adapt to their new vision.

One advantage of the refractive intracorneal inlay
over monovision is that with the same power correc-
tion, the uncorrected visual acuity is dramatically
decreased in monovision, whereas this is not the case
with the refractive intracorneal inlay. In our case, the
patient achieved visual acuity of 20/32 without correc-
tion but had a manifest refraction spherical equivalent
of —2.25 D. The explanation for this lies in the bifocal
design of the inlay.

In our previous study of the inlay in presbyopic pa-
tients,” we reported that some patients had glare and
halos that tended to become less intense over time
and did not interfere with their activities, such as night
driving. In our case, the patient did not experience
glare, halos, or night-vision issues. However, the
decrease in CDVA after inlay implantation in the
nondominant eye may be attributed to the difficulty
in performing manifest refraction over the inlay
because of its 2 separate focal points. No topographic
changes occurred to account for the decrease in
CDVA.

In our experience, it is advisable to wait a minimum
of 3 months after cataract surgery before creating the
pocket and implanting the inlay. This ensures that
the eye that had cataract surgery and implantation of
the IOL is stable prior to performing the inlay proce-
dure. A major advantage of this technology is that
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the inlay can be easily removed if necessary, leaving
the eye essentially unchanged after the procedure.
This is important in cases in which the patient requires
additional refractive power (in which case the lens can
be exchanged) or if the patient is dissatisfied with the
outcome.

Considering the mean age of patients having cata-
ract surgery, it is expected that some changes will
appear in the fundus, such as macular degeneration.
The transparency of the Presbia Microlens provides
excellent visibility of the entire fundus. Furthermore,
if PCO occurs, the transparency of the inlay permits
excellent visualization for Nd:YAG capsulotomy, as
demonstrated in this case report. In conclusion, our
case report suggests that this refractive corneal inlay
is a safe and effective technology for improving near
visual acuity following cataract surgery.
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ORIGINAL ARTICLE

Combined Cataract and Refractive Corneal
Iinlay Implantation Surgery: Comparison of

Three Techniques

Nela R. Stojanovic, MSc, FEBQO; Vladimir Feingold; loannis G. Pallikaris, MD, PhD

ABSTRACT

PURPOSE: To compare clinical outcomes of three differ-
ent techniques of combined cataract and Presbia Flexi-
vue Microlens refractive corneal inlay (Preshia Codpera-
tief U.A., Amsterdam, Netherlands) implantation surgery
for presbyopia compensation over a 12-month follow-
up.

METHODS: In this comparative pilot study, 15 patients
with bilateral cataract were allocated to one of three
groups with a different combination of surgical steps
(cataract surgery, intrastromal pocket creation, and inlay
implantation). In the three-step group, the intracomeal
pocket was created in the non-dominant eye, bilateral
cataract surgery was performed 3 months later, and the
intracorneal inlay was inserted 3 months after that. In
the two-step at 3 days group, bilateral cataract surgery
was performed 3 days after pocket creation and inlay
implantation in the non-dominant eye. In the two-step
at 3 months group, the pocket creation and the inlay
implantation were performed in the non-dominant eye
3 months after bilateral cataract surgery. Visual, refrac-
tive, and contrast sensitivity outcomes were evaluated
and compared between the three groups.

RESULTS: Twelve months after the inlay implantation,
mean monocular uncorrected distance visual acuity was
20/32 in the three-step group, 20/32 in the two-step at
3 days group, and 20/25 in the two-step at 3 months
group. Achieved mean monocular uncorrected near vi-
sual acuity was similar in the three groups (20/25). The
visual and refractive outcomes did not show significant
differences between groups. Contrast sensitivity was
similar between groups under mesopic and photopic
conditions. No intraoperative or postoperative complica-
tions were observed.

CONCLUSIONS: Clinical outcomes of three different
techniques of combined cataract surgery and refractive
comeal inlay implantation had no apparent differences
between them. The corneal inlay provided excellent near
vision acuity, with high patient satisfaction and a high
spectacle independence rate after cataract surgery.
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the corneal refractive power.! From the 1960s on, cor-

I n 1949 Barraquer proposed corneal implantation to alter
neal inlays have been researched with the aim of devel-

oping more biocompatible materials and reliable placement
within the cornea. Modern materials science and decades of
research together with corneal femtosecond lasers have made
this 65-year-old idea a clinical reality. An intracorneal inlay
was recently introduced as a method for improving near vi-
sion in patients with presbyopia.? The intracorneal inlay is
placed under a corneal stromal flap or inside a stromal pocket
made by special microkeratomes or femtosecond lasers.

The Presbia Flexivue Microlens inlay (Presbia Codperatief
U.A., Amsterdam, Netherlands) is a refractive intracorneal
inlay. The lens has a bifocal optical system that acts as modi-
fied monovision and is inserted into an intrastromal corneal
pocket made by a femtosecond laser in the non-dominant eye.
Recent studies support the efficacy and safety of the Presbia
Flexivue Microlens corneal inlay for the treatment of pres-
byopia in patients with a clear crystalline lens.”* However,
the possibility of implanting a corneal inlay where there is
monofocal lens cataract surgery offers a surgical solution for
patients troubled by pseudophakic presbyopia. It is possible
to consider differing combinations of techniques for implan-
tation of the refractive corneal inlay and the cataract surgery.

The purpose of this pilot study was to compare the clini-
cal outcomes of three different techniques for combined cata-
ract and refractive corneal inlay implantation surgery over a
12-month follow-up period.
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PATIENTS AND METHODS

This comparative pilot study was conducted at the
Institute of Vision and Optics, University Hospital of
Crete, Crete, Greece. Institutional review board ap-
proval was obtained and all patients were appropri-
ately informed before their participation in the study
about the possible outcomes and the current clinical
experience, and provided written informed consent in
accordance with the institutional guidelines, follow-
ing the tenets of the Declaration of Helsinki.

Inclusion criteria were patient age between 50 and
80 years, monovision trial tolerance, and bilateral cata-
ract grade 2 or greater according to the Lens Opacities
Classification System (LOCS) III. A minimum central
corneal thickness of 500 pm and minimum endothelial
cell density of 2,000 cells/mm? on specular microscopy
were necessary. Exclusion criteria included more than
1.50 diopters (D) of corneal astigmatism, corneal dys-
trophy, anterior segment or retinal pathologic features,
glaucoma, congenital or polar cataracts, intraoperative
complications with the cataract surgery, a photopic
pupil size of less than 3 mm, acute or chronic systemic
disease, or any immunosuppressive disorder.

Patients scheduled for bilateral cataract surgery
and inlay implantation and who met the selection cri-
teria were randomly allocated to one of three study
groups (each containing 5 patients). In the first group,
a three-step technique was performed: (1) an intra-
corneal femtosecond laser pocket was created in the
non-dominant eye and the stroma was separated using
a spatula; (2) 3 months later bilateral cataract surgery
was performed; (3) 3 months after that, the pocket was
reopened and the intracorneal inlay was inserted. In
the second group, a two-step technique performed: (1)
3 days after pocket creation and inlay implantation in
the non-dominant eye, bilateral cataract surgery was
performed. In the third group, a two-step technique
was performed: 3 months after bilateral cataract sur-
gery. the pocket creation and the inlay insertion were
performed in the non-dominant eye.

CLINICAL EVALUATION

The preoperative examination data included patient
age, sex, ocular and general health history, manifest re-
fraction, uncorrected distance visual acuity (UDVA), un-
corrected near visual acuity (UNVA), corrected distance
visual acuity (CDVA), slit-lamp biomicroscopy, cataract
grading (LOCS III), computerized corneal topography and
central keratometry with iTrace (Tracey Technologies,
Houston, TX) and GALILEI (Ziemer, Biel, Switzerland),
intraocular pressure measurement (Goldmann applana-
tion tonometry), central corneal thickness measurement
(50-MHz Corneo-Gage Plus; Sonogage Inc., Cleveland,

OH), and dilated fundus evaluation. Quantitative analy-
sis of endothelial cell density was performed with Tomey
EM-3000 specular microscopy (Tomey Corporation, Na-
goya, Japan). Contrast sensitivity was measured using the
Functional Acuity Contrast Test (Stereo Optical Co. Inc.,
Chicago, IL) in photopic and mesopic conditions (with
and without glare), binocularly, and monocularly. The
IOLMaster 500 (Carl Zeiss Meditec, Jena, Germany) was
used for biometry and SRK-T formula for IOL power cal-
culations. Targeting refraction was emmetropia in both
dominant and non-dominant eyes. A one-piece aspheric
IOL (AcrySof IQQ model SN60WF; Alcon Laboratories,
Inc., Fort Worth, TX) with 6-mm optic diameter and 13-
mm haptic diameter using an A-constant of 118.7 was
implanted in all eyes.

Distance visual acuity was tested using Early Treat-
ment Diabetic Retinopathy Study (ETDRS) logMAR
charts (Precision Vision, La Salle, IL) at 4 m distance.
Near visual acuity was tested at 33 cm under a light
source of 100 cd/m? using the modified ETDRS chart
for European wide use (Precision Vision). All tests
were performed monocularly and binocularly. The
dominant eye was determined using a card with a cen-
tral 1-inch hole test and confirmed with a 4-dot test,
and a monovision trial was performed for at least 60
minutes, adding half of the add power for near in the
non-dominant eye.

Contrast sensitivity was measured using the Func-
tional Acuity Contrast Test in photopic and mesopic
conditions (with and without glare), binocularly, and
monocularly at spatial frequencies 1.5, 3, 6, 12, and 18
cycles per degree (cpd). Contrast sensitivity of the con-
tralateral eye without inlay was used as the reference
range. Photopic and mesopic conditions were standard-
ized by the machine at 200 lux for the photopic condi-
tions and at 1 lux for the mesopic conditions.

During the preoperative evaluation, a detailed dis-
cussion with each patient revealed his or her ideal near
working distance or range, the amount of dependence
on spectacles for near vision, and his or her overall
satisfaction regarding vision throughout the day. At
last follow-up, patients were asked to complete a sat-
isfaction questionnaire for the subjective evaluation
of binocular UNVA, monocular and binocular UDVA,
frequency of eventual use of reading glasses, and the
presence or absence of halos and/or glare. A scale of
1 to 4 was used for UNVA and UDVA evaluation, in
which a score of 1 indicated “excellent,” 2 indicated
“good,” 3 indicated “fair,” and 4 indicated “poor” sat-
isfaction. The results are presented as a mean score in
each group. The presence of glare and halos and the
need for reading glasses were described as “never,”
“sometimes,” “frequently,” and “always.”
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TABLE 1
Femtosecond Laser-Assisted
Pocket Laser Parameters
Parameter Value
Femtosecond laser iFS 150
Treatment type Inlay
Channel width (mm) 4.20
Channel offset (mm) 0.00
Channel depth (um) 300
Channel spot separation (um) 2
Channel line separation (um) 2
Channel energy (u)) 0.75
Side cut radius (mm) 4.50
Side cut angle (°) 30
Side cut spot separation (um)/ 3/3
side cut layer separation (um)

Side cut energy (1)) 1.20

Postoperative follow-up was scheduled in 1, 3, 6,
and 12 months.

REFRACTIVE CORNEAL INLAY

The Presbia Flexivue Microlens inlay is a transpar-
ent, hydrophilic disc of 3.2 mm diameter and an edge
thickness of approximately 15 pm, with high refractive
index and added optical power. The central 1.6-mm
diameter of the disc is near-plano and the peripheral
zone has the appropriate addition power. At the center
of the disc there is a 0.5-mm diameter hole. The avail-
able inlay refractive power ranges from +1.25 to +5.00
D in 0.25-D increments.

The refractive corneal inlay has a bifocal optical system
that acts as a modified monovision. In distance vision,
the rays passing through the central zone of the inlay and
the free peripheral corneal tissue outside of the inlay will
be sharply focused on the retina, whereas rays that pass
through the refractive peripheral zone of the inlay will
be focused in front of the retina. During near vision, rays
passing through the central zone of the implant will be
out of focus behind the retina and rays passing through
the peripheral clear cornea will be blocked by the miosed
pupil. The rays passing through the peripheral refractive
zone of the inlay will be focused on the retina.

SURGICAL TECHNIQUE

Pocket Creation and Inlay Implantation. The cor-
neal inlay was implanted into a pocket created by a
femtosecond laser in the corneal stroma in the center
of the visual axis of the non-dominant eye. The surgi-

cal procedure was performed under topical anesthesia
using proxymetacaine hydrochloride 0.5% eye drops
(Alcon Laboratories Inc.). The intrastromal corneal
pocket was created using a femtosecond laser (Intra-
Lase iFS 150; Abbott Medical Optics, Santa Ana, CA).
Using the standard pocket creation software of the In-
traLase femtosecond laser, a lamellar cut of a pocket
of 9-mm chord diameter and temporal pocket access
tunnel 4.2-mm chord width were created at a depth of
300 pm with a line separation/spot size of 2/2 pm. The
pocket access tunnel was temporal. Table 1 shows the
femtosecond laser parameters of the procedure.

The inlay was implanted with a special injector
(Presbia Cooperatief U.A.) inside the tunnel at the
line of sight (pupil centration). To determine the line
of sight, the microscope and centration device of the
excimer laser (Allegretto Wave 400; WaveLight Tech-
nologie AG, Erlangen, Germany) were used.

Postoperatively, after pocket separation and/or in-
lay implantation, patients were treated with topical
tobramycin/dexamethasone antibiotic-steroid drops
(Tobradex; Alcon Laboratories, Inc.) for 10 days along
with preservative-free artificial tears.

Cataract Surgery. All surgical procedures were
performed under sterile conditions and topical anes-
thesia by the same experienced surgeon (IGP), using
a standard manual phacoemulsification technique. A
superior clear corneal incision of 2.8 mm was made
and an anterior curvilinear continuous capsulorhexis
not larger than 5.5 mm was performed. Phacoemulsi-
fication was performed using the Infiniti Vision Sys-
tem (Alcon Laboratories, Inc.), with thorough cortical
removing and meticulous cleaning of the posterior
capsule and anterior capsular leaflets. After phaco-
emulsification and lens removal, the IOL (AcrySof 1Q
SN60WF) was implanted into the capsular bag using
the standard injector device.

Postoperative topical therapy included Tobradex
topical antibiotic-steroid drops four times a day for 4
weeks with a weekly tapering regimen.

STATISTICAL ANALYSIS

Excel 2007 (Microsoft Corporation, Redmond, WA)
and a customized Ophthalmic Data Analysis Software
by Georgios A. Kounis, PhD (©2014 Ophthalmic Data
Analysis Software GNEMS-Greece) were used for data
collection and analysis. Calculation of the surgically
induced astigmatism (SIA) was performed using Kaye
and Harris’ method.®> Non-parametric paired tests
(Wilcoxon rank signed sum test) were used to com-
pare preoperative and postoperative data. Comparison
between groups was performed using non-parametric
tests (Wilcoxon rank signed sum/Kruskal-Wallis tests.
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TABLE 2
Binocular Visual Acuity Results
Parameter Results (logMAR) Preop vs Postop (P) Between Groups (P)
UDVA (logMAR) = = .262
Three-step group, mean * SD (range) 0.04 = 0.05 (0.00 to 0.10) w125
Two-step at 3 days group, mean = SD (range) 0.11 + 0.07 (0.00 to 0.20) 425
Two-step at 3 months group, mean + SD (range) 0.09 = 0.07 (0.00 to 0.20) G125
UNVA (logMAR) - - .864
Three-step group, mean + SD (range) 0.06 = 0.03 (0.02 to 0.10) 125
Two-step at 3 days group, mean = SD (range) 0.06 + 0.03 (0.02 to 0.10) .063
Two-step at 3 months group, mean = SD (range) 0.05 = 0.04 (0.00 to 0.10) 425
CDVA (logMAR) - = 1.000
Three-step group, mean + SD (range) 0.02 = 0.04 (0.00 to 0.10) 125
Two-step at 3 days group, mean = SD (range) 0.02 = 0.04 (0.00 to 0.10) .063
Two-step at 3 months group, mean * SD (range) 0.02 + 0.04 (0.00 to 0.10) A25
UDVA = uncorrected distance visual acuity; SD = standard deviation; UNVA = uncorrected near visual acuity; CDVA = corrected distance visual acuity

All distributions were examined for normality with
Kolmogorov-Smirnov tests. Statistical analysis was
performed by SAS JMP 10.0 (http://www.jmp.com/
2012). A P value less than .05 was considered statisti-
cally significant.

RESULTS
Patient demographics, the implanted inlay and IOL
power, and preoperative clinical data of non-dominant
eyves are depicted in Table A (available in the online
version of this article). There was no statistically sig-
nificant difference in any parameter between the three
groups. All patients completed the 12-month follow-up.

VISUAL ACUITY AND REFRACTION

Table B (available in the online version of this ar-
ticle) shows postoperative monocular (eyes with the
inlay) visual acuity and refraction at 12 months of
follow-up. Table 2 shows the postoperative binocular
visual acuity at 12 months of follow-up. No statisti-
cally significant differences were found in uncorrected
or corrected monocular or binocular visual acuity be-
tween the examinations during the follow-up (P > .05
for all values in all three groups).

Total SIA in eyes with the inlay (preoperative vs 12
months after inlay implantation) was 0.52 = 0.42 D at
86° + 42° in the three-step group, 0.88 £ 0.33 D at 87° +
43° in the two-step at 3 days group, and 0.92 + 0.41 D
at 96° + 19° in the two-step at 3 months group.

Figure 1 presents the monocular results of non-
dominant eyes in the three groups. Figure 1A shows
the percentage of eyes with the inlay in each group
with a cumulative UNVA after the surgery. The mon-

ocular UNVA was 20/25 or better in all eyes with
the inlay in all groups. At the 12-month follow-up,
the spherical refraction was within £0.50 D of the at-
tempted spherical correction in 3 eyes with the inlay
in the three-step group, 3 eyes in the two-step at 3
days group, and 5 eyes in the two-step at 3 months
group (Figure 1B). All eyes were within +1.00 D in
both two-step groups. One eye in the three-step group
was within +1.50 D.

Figure 1C shows the change in Snellen lines of
CDVA. All eyes with the inlay in the three groups
gained lines of CDVA. Figure 1D shows the stability of
spherical equivalent refraction over time. Apart from
the minor changes (increase of 0.25 D in the three-step
group and decrease of 0.50 D in the two-step at 3 days
group) between the 1- and 3-month follow-up, spheri-
cal equivalent refraction remained stable over a 1-year
follow-up in all groups. Figure 1E shows the stability
of monocular UDVA and CDVA refraction over time.
UDVA in both two-step groups showed a minor ten-
dency of improvement over the 12-month follow-up,
whereas after initial improvement UDVA remained
stable in the three-step group. CDVA in the two-step
at 3 days group showed slight improvement over the
first 6 months, whereas the three-step and two-step
group at 3 months group remained stable over a 1-year
follow-up. Figures 1F-1H show the attempted versus
achieved spherical equivalent refraction for the three
groups.

CORNEAL TOPOGRAPHY
Corneal astigmatism changed from 0.48 = 0.33
D in the three-step group, 0.85 = 0.66 D in the two-
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step at 3 days group, and 0.77 + 0.28 D in the two-step
at 3 months group preoperatively to 0.50 = 0.37, 0.89
+ 0.26, and 0.73 + 0.45 postoperatively, respectively.
The change was not statistically different between
groups (P =.284).

COMPLICATIONS

During the 12-month follow-up, no intraoperative
or postoperative complications occurred. No inlay was
explanted or recentered during the reported follow-up.
No epithelial ingrowth was observed.

Mean central corneal thickness in the eyes with the
inlay did not change significantly at 12 months in any
of the groups (P = .063, .125, and .063, respectively).
Postoperative intraocular pressure was similar to pre-
operative values and between groups postoperatively
in all groups (P > .05).

The mean endothelial cell loss 1 year after the cata-
ract surgery was similar between the three-step, two-
step at 3 days, and two-step at 3 months groups at
8.92%, 8.05%, and 8.39%, respectively (P = .42).

On the retroillumination examination 12 months af-
ter surgery, there was no significant posterior capsule
opacification influencing the visual or refractive out-
come visible.

CONTRAST SENSITIVITY

There was no difference between groups in preoper-
ative contrast sensitivity under photopic and mesopic
conditions. At the 12-month follow-up, the monocular
and binocular contrast sensitivity scores at all spatial
frequencies tested under mesopic and photopic condi-
tions were similar between the three groups (P > .05).

Monocular contrast sensitivity in eyes with the inlay
at frequencies of 12 and 18 cpd was lower in all groups
under both mesopic and photopic conditions compared
to contrast sensitivity of contralateral eyes (Figure A,
available in the online version of this article).

Figure B (available in the online version of this
article) shows binocular contrast sensitivity at the
12-month follow-up under photopic and mesopic con-
ditions in each group. Under mesopic conditions (with
and without glare), the two-step at 3 months group had
a slightly lower score than the other two groups at fre-
quencies of 12 and 18 cpd, but without statistical sig-
nificance (mesopic without glare: P = .963 at 12 cpd; P
= 1.000 at 18 cpd; mesopic with glare: P = 1.000, P =
.855, respectively).

PATIENT SATISFACTION QUESTIONNAIRE

During the preoperative evaluation, patients an-
swered questions about their profession, everyday
needs, frequency of using a computer, and preferable

working distance. These questions assisted the surgeon
in deciding on the ideal inlay power for each patient.
A general complaint about their inability to function
without spectacles for near vision, annoyance for con-
stantly having to put them on and off, and satisfactory
UDVA were noted.

At last follow-up, all patients except one in the two-
step at 3 days group perceived their binocular UDVA
as excellent (mean score was 1.00 in the three-step
group, 1.20 in the two-step at 3 days group, and 1.00 in
the two-step at 3 months group). Twelve months after
inlay implantation, monocular UDVA in eyes with the
inlay was perceived as good, with the best mean score
in the two-step at 3 months group (1.80 in the three-
step group, 2.00 in the two-step at 3 days group, and
1.40 in the two-step at 3 months group). No patient
used spectacles for distance vision.

During the last follow-up, all but one patient per-
ceived their binocular UNVA as excellent (mean score
was 1.00 in the three-step group, 1.20 in the two-step
at 3 days group, and 1.00 in the two-step at 3 months
group). One of 15 patients reported use of near vision
spectacles occasionally, only in the evening for read-
ing books.

One year after inlay implantation, two patients in
the two-step at 3 days group and one patient in the
three-step group sometimes experienced glare and ha-
los. The overall satisfaction score was 8.2 in the three-
step group, 9.2 in the two-step at 3 days group, and 7.8
in the two-step at 3 months group.

DISCUSSION

To our knowledge, this is the first study to describe
and compare three techniques of cataract surgery and
refractive corneal inlay combination as a new method
for near vision improvement after cataract surgery. In
the current study, mean monocular UDVA 1 year after
the inlay implantation was 20/32 (0.18 logMAR) in the
three-step group, 20/32 (0.16 logMAR) in the two-step
at 3 days group, and 20/25 (0.12 logMAR) in the two-
step at 3 months group. Mean monocular UNVA im-
proved in all groups from 20/125 preoperatively, albeit
in the presence of a cataract, to 20/25 or better with
pseudophakia and the inlay. The two-step technique
in the two-step at 3 months group appeared to have
slightly better results (0.08, 0.10, and 0.06 logMAR,
respectively). Refractive results were slightly better
in the two-step at 3 months group, with postoperative
spherical equivalent refraction within +0.50 D of the
attempted correction in non-dominant eyes.

Cochener et al. compared the clinical outcome of
different multifocal I0Ls based on information report-
ed in the international literature.® Our UNVA was bet-
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ter than average UNVA with monofocal (0.47 logMAR)
or multifocal (0.15 logMAR) IOLs. Furthermore, our
UNVA was better than average UNVA in the refractive
IOL group (0.232 logMAR), but similar to the diffrac-
tive IOL group (0.091 logMAR) and more specifically
to ReSTOR IOL (0.08 logMAR).

In our study, binocular UDVA was slightly better
with the three-step procedure (20/20; 0.04 logMAR)
than in the other two groups (20/25; 0.11 logMAR
and 20/25; 0.09 logMAR, respectively), but this varia-
tion may be due to the small numbers of eyes. How-
ever, binocular UNVA outcomes were similar between
groups at 20/25 (0.06 logMAR), 20/25 (0.06 logMAR),
and 20/25 (0.05 logMAR), respectively.

Mean total SIA was the lowest in the three-step
group (0.52 D with 40° change of axis). In the other two
groups, the SIA was higher and with higher change in
axis (0.88 D at 87° and 0.92 D at 96°, respectively).
However, the total SIA in all of our groups was lower
than the SIA after sutureless phacoemulsification with
superior corneal incision (1.44 + 0.33 D) reported by
Simsek et al.” The effect that an individual adjustment
of the femtosecond laser-created corneal pocket axis
and the clear corneal incision location may have on
the SIA should be investigated in future studies.

We found no difference in monocular or binocular
CDVA achieved in the three groups. During the 1-year
follow-up, none of the operated eyes had loss of line
of CDVA.

Recently, two studies have reported results of in-
tracorneal inlay implantation for near vision improve-
ment in pseudophakic patients, although the follow-
up period was only 3 months in both studies. In a
prospective non-randomized multicenter study, Chu
et al. assessed the feasibility of implanting a hydro-
gel corneal inlay (Raindrop ReVision Optics) in 13
patients who previously underwent cataract surgery
with monofocal IOL implantation.® At 3 months, 83%
of patients had 20/20 or better UNVA. Measurement
of the uncorrected binocular vision showed that 83%
of the pseudophakic group achieved 20/20 or better at
distance and near. Eight percent of the patients with
pseudophakia reported ocular dryness and none re-
ported either glare or halos postoperatively.

Another study evaluated the improvement in near
visual acuity after KAMRA corneal inlay implantation
in 13 patients with pseudophakia.® Mean UNVA im-
proved five lines (from J10 to J4) postoperatively. Mean
UDVA, CDVA, and CNVA remained stable and were
20/20, 20/16, and J1, respectively, before and after
KAMRA inlay implantation. Four patients underwent
LASIK for improved distance acuity at the time of in-
lay implantation. Three eyes lost two lines and 1 eye

lost one line of UDVA. Two eyes lost two lines and 1
eve lost one line of CDVA.

In the current study, mean central corneal thickness
was not statistically significantly different after implan-
tation of the inlay to preoperative mean central thick-
ness in any of the groups. This fact could be related to
the thinness of the inlay (15 pm), which is even thin-
ner than the standard deviation of the measurements.
The loss of endothelial cells and intraocular pressure
were similar in all groups and consistent with cataract
surgery using phacoemulsification.’® During the 1-year
follow-up, no complications were observed in any of
the operated eyes. These results suggest that intracor-
neal inlay implantation in combination with cataract
surgery did not lead to any complications within the
first 12 postoperative months.

Our results showed lower monocular contrast sen-
sitivity at spatial frequencies of 12 and 18 cpd in all
groups, under mesopic and photopic conditions, com-
pared to reference values of contralateral eyes. A pos-
sible explanation for this outcome may be an increase
or change in the dynamics of corneal and internal
higher order aberrations.!' However, we did not per-
form wavefront analysis in the current study. Further-
more, the effect of age on contrast sensitivity becomes
evident in patients aged 60 years or older as a result
of reduced retinal sensitivity and neural capacity in
visual processing.

Intracorneal inlays and IOLs are known to cause
photic phenomena, such as glare and halos."%** One
year after surgery, 4 of our 15 patients sometimes expe-
rienced glare and/or halos, but they were not bothered
by these.

The objective visual acuity test results were in ac-
cordance with the subjective patient questionnaire re-
sults, indicating that patients had significantly fewer
problems performing near distance tasks without cor-
rection than before surgery. The patient satisfaction
rate was high; 5 of 5 of patients in the three-step group
and two-step at 3 months group perceived both binocu-
lar UDVA and binocular UNVA as excellent, whereas 4
of 5 patients in the two-step at 3 days group perceived
it as excellent. Overall satisfaction was slightly higher
in patients who had the inlay implanted 3 months after
cataract surgery.

Although our pilot study has critical limitations, we
believe it provides useful information and indications
for future studies. Our statistical analysis did not show
statistical significance (P < .05), even when there was
clearly significant clinical improvement. A possible
reason for this is the small sample size in our study.
A larger number of patients with a longer observation
period is needed to evaluate the stability and safety
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of these new methods in the combined cataract inlay
surgery for presbyopia correction.

The three techniques of combined refractive corneal
inlay cataract surgery for presbyopia correction provided
excellent binocular distance and near visual outcomes.
The overall patient satisfaction rate and postoperative
spectacle independence was high. Differences in out-
comes between the three groups were minimal. There-
fore, it would seem that the most logical of the techniques
is to perform cataract surgery first and then to reassess
ocular dominance without a cataract being present. The
dominant eye has to have good unaided distance vision
and then inlay implantation can be considered.
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TABLE A
Patient Demographics and Clinical Information

Parameter Three-Step Group Two-Step at 3 Days Group Two-Step at 3 Months Group P
No. of patients. 5 5 5 =
Males/females 3/2 1/4 1/4 -
Right/left eye 3/2 1/4 2/3 =
Age (y), mean £ SD (range) 63.00 = 2.00 65.40 = 4.28 64.40 = 4.39 .607
(60 to 65) (58 to 68) (61 to 71)
Axial length (mm), mean * SD (range) 23.54 = 0.96 23.39 = 0.41 24.06 = 1.46 .585
(22.41 to 24.83) (23.04 to 23.86) (22.93 to 26.54)
Inlay power (D), mean = SD (range) 2.65 + 0.34 230 (21 2.25 = 0.59 .393
(2.50 to 3.25) (2.00 to 2.50) (1.50 to 2.75)
UDVA (logMAR), mean + SD (range) 0.88 + 0.30 0.76 = 0.29 0.82 + 0.25 .069
(0.40 to 1.20) (0.50 to 1.20) (0.50 to 1.00)
UNVA (logMAR), mean = SD (range) 0.87 = 0.37 0.86 = 0.40 0.88 = 0.33 .948
(0.26 to 1.18) (0.30 to 1.20) (0.50 to 1.20)
CDVA (logMAR), mean *+ SD (range) 0.28 = 0.21 0.30 = 0.07 0.40 = 0.16 .509
(0.10 to 0.70) (0.20 to 0.40) (0.20 to 0.60)
Sphere (D), mean = SD (range) 0.40 = 3.45 -0.80 £ 4.25 -2.85 = 5.14 546
(-5.00 to 3.50) (-7.25 t0 2.75) (-7.75 to 4.00)
Cylinder (D), mean + SD (range) -0.35 = 0.34 -0.60 += 0.42 -0.90 + 0.42 .156
(-0.75 to 0.00) (-1.00 to 0.00) (-0.50 to -1.50)
SEQ refraction (D), mean = SD (range) 0.23 = 3.51 -1.10 + 4.36 -3.30 = 5.20 527
(-5.38 t0 3.25) (-7.75 t0 2.75) (-8.50 to 3.50)
Corneal thickness (um), mean = SD 545 + 29.80 530 = 32.84 556 = 30.71 .363
(range) (507 to 574) (503 to 578) (514 to 589)
Corneal topographic astigmatism (D), 0.48 = 0.33 0.85 = 0.66 0.77 = 0.28 532
mean = SD (range) (0.14 to 0.87) (0.22 to 1.55) (0.46 to 1.10)
Endothelial cell density (cells/mm?), 2,454 + 244 2,418 + 486 2 544 = 307 .778
mean * SD (range) (2,123 to 2,760) (2,027 to 3,001) (2,198 to 2,935)
I0L power (D), mean =+ SD (range) 21.20 + 2.06 22.00 = 0.79 21.70 = 2.46 .716
(16.50 to 22.50) (21.00 to 23.00) (21.00 to 24.00)

SD = standard deviation; D = diopters; UDVA = uncorrected distance visual acuity; UNVA = uncorrected near visual acuity; CDVA = corrected distance visual acu-
ity; SEQ = spherical equivalent; IOL = intraocular lens
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TABLE B

Monocular Visual Acuity and Refractive Results of Non-dominant Eyes

Parameter Results Preop vs Postop (P) Between Groups (P)
UDVA (logMAR) - - 3T
Three-step group, mean + SD (range) 0.18 = 0.04 (0.10 to 0.20) 125
Two-step at 3 days group, mean = SD (range) 0.16 + 0.05 (0.10 to 0.20) .063
Two-step at 3 months group, mean =+ SD (range) 0.12 + 0.08 (0.00 to 0.20) 125
UNVA (logMAR) - - 498
Three-step group, mean = SD (range) 0.08 = 0.02 (0.06 to 0.10) 125
Two-step at 3 days group, mean = SD (range) 0.10 = 0.02 (0.08 to 0.12) .063
Two-step at 3 months group, mean + SD (range) 0.06 = 0.04 (0.00 to 0.10) 125
CDVA (logMAR) = = 1.000
Three-step group, mean + SD (range) 0.04 = 0.05 (0.00 to 0.10) 125
Two-step at 3 days group, mean = SD (range) 0.04 = 0.05 (0.00 to 0.10) .063
Two-step at 3 months group, mean + SD (range) 0.04 £ 0.05 (0.00 to 0.10) 1.195
Sphere (D) = - 523
Three-step group, mean + SD (range) 0.00 £+ 0.50 (-0.75 to 0.50) (125
Two-step at 3 days group, mean = SD (range) -0.25 = 0.61 (-1.00 to 0.50) .063
Two-step at 3 months group, mean = SD (range) 0.15 = 0.42 (-0.25 to 0.75) 125
Cylinder (D) - - .763
Three-step group, mean = SD (range) -0.45 = 0.27 (-0.75 to 0.00) .250
Two-step at 3 days group, mean = SD (range) -0.60 + 0.38 (-1.25 to -0.25) .500
Two-step at 3 months group, mean = SD (range) 0.40 + 0.42 (-1.00 to 0.00) 125
SEQ refraction (D) - - 601
Three-step group, mean * SD (range) -0.23 = 0.56 (-1.00 to 0.25) 125
Two-step at 3 days group, mean = SD (range) -0.43 = 0.46 (-1.13 to 0.00) .810
Two-step at 3 months group, mean + SD (range) -0.05 = 0.48 (-0.50 to 0.75) .310

UDVA = uncorrected distance visual acuity; SD = standard deviation; UNVA = uncorrected near visual acuity; COVA = corrected distance visual acuity; D = diop-

ters; SEQ = spherical equivalent
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Figure A. Monocular contrast sensitivity under photopic and mesopic
(with and without glare) conditions. Cslog = contrast sensitivity in log,;
cpd = frequency in cycles per degree; group 1 = three-step group; group
2 = two-step at 3 days group; group 3 = two=step at 3 months group

Figure B. Binocular contrast sensitivity under photopic and mesopic con-
ditions. Cslog = contrast sensitivity in log,,; cpd = frequency in cycles
per degree; group 1 = three-step group; group 2 = two-step at 3 days
group; group 3 = two=step at 3 months group
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