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Surgical correction of presbyopia
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Presbyopia is the most common refractive disorder for people older than 40 years. It is charac-
terized by a gradual and progressive decrease in accommodative amplitude. Many surgical
procedures for the correction of presbyopia exist, with additional procedures on the horizon.
This review describes the prevalent theories of presbyopia and discusses the available surgical

options for correction.
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The term presbyopia originates from the Greek word
“presbyteros,” meaning elder. It is the most common
refractive disorder in people older than 40 years and
manifests as a gradual and progressive decrease in
accommodative amplitude. The underlying cause
remains unclear and is likely multifactorial. Three main
etiologic categories exist': lens- and capsule-based the-
ories, which focus on the decreasing capsule elasticity
and increasing stiffness/ sclerosis of the aging lens; extra-
lenticular theories, which consider a decrease in ciliary
body contractility to be the main cause of presbyopia;
and the geometric theory, in which presbyopia is thought
to be due to a decrease in the distance between the
equatorial edge of the lens and the ciliary body, which
in turn causes a decrease in zonular tension. Some
overlap exists between the first and third categories.

This review describes the prevalent theories of
presbyopia and discusses currently available surgical
options for correction.

PHYSIOLOGY OF ACCOMMODATION AND PRESBYOPIA

Accommodation is the ability of the eye to change its
optical power to focus from distant to near objects.
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The amplitude of accommodation is greatest in early
childhood, with 15 diopters (D) or more of accommo-
dation attainable. This ability declines with age in a
linear fashion universally and predictably. A change
in the shape of the crystalline lens is responsible for
the change in the optical power during accommoda-
tion. Ciliary muscle contraction alters zonular tension
to effect this change. However, there is no consensus
on the precise mechanism. Two prevailing theories
exist: Helmholtz (described by Michaels” and Fin-
cham”) and Schachar. Others have expanded and
elaborated these theories with debate over the exact
mechanism”°; many agree on some movement of the
lens and ciliary body complex toward or away from
the sclera during accommodation.

The lens grows continuously throughout life,
and the equatorial diameter increases approximately
20 um a year." Schachar” believes the effective force
that the ciliary muscle can apply to the lens equator
decreases in a linear fashion with age and is the pri-
mary etiology of presbyopia. This is the genesis of
his concept of scleral expansion surgery to treat
presbyopia.

SURGICAL OPTIONS FOR PRESBYOPIA CORRECTION
Corneal Options

Monovision Monovision is a concept familiar to many
in the eye-care field who treat patients complaining of
presbyopia. With monovision, 1 eye (usually domi-
nant) is corrected for distance vision and the other
eye is corrected for near vision. Whether fitting a
patient with contact lenses, determining the best target
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for laser in situ keratomileusis (LASIK) surgery, or
counseling patients about their options for cataract
surgery, discussion and consideration of monovision
is integral to the decision-making process.” The selec-
tion of monovision surgical correction through laser
vision correction or monofocal intraocular lens (IOL)
implantation during cataract surgery is critical to
achieving patient satisfaction.

Evaluation for monovision correction must include
a thorough patient history, comprising the patient's
prior experience with contact lens use; specifically,
any experience with monovision or multifocal contact
lenses. Because some patients may not tolerate the
anisometropia induced by monovision, a contact lens
trial can be undertaken to simulate the proposed
refractive target prior to surgery. Evaluation is opti-
mally performed in a real-life situation instead of an
artificial simulation such as the examination room.
Both multifocal and monovision contact lens users
tend to be more tolerant of blur and are more
amenable to permanent surgical monovision correc-
tion. Additionally, it is helpful to use a questionnaire
or alternative interview process designed to ascertain
a patient's daily visual needs, both professional and
extracurricular. A patient's leisure activities, such as
golf, tennis, recreational or commercial piloting,
or other activities involving extremely acute depth
perception and stereopsis, may preclude the ability
to tolerate monovision.

Blended vision or mini-monovision is an excellent
option for many presbyopic patients. This approach
aims for —1.00 to —1.25 D in the nondominant eye
and plano in the dominant eye. Patients generally
adjust to this degree of anisometropia with little diffi-
culty. In addition, blended vision maintains distance
vision of approximately 20/40; thus, patients experi-
ence little effect on distance acuity and minimal induc-
tion of photic phenomena (eg, glare and halos at
night). Patients can also retain some useful stereopsis.

Ideally, the surgical outcome in patients having
monovision correction provides a high degree of spec-
tacle independence with minimal neuroadaptation to
induced anisometropia. In cases in which the patient
is not satisfied with the visual outcome or is unable
to adapt to the anisometropia, laser vision correction
provides a minimally invasive option for conversion
to bilateral distance correction or enhancement of the
distance eye. Patients with monovision appear to be
more sensitive to changes in their distance eye, making
them more likely to request enhancement for small
refractive errors.

As with any refractive procedure, patients must
have reasonable expectations of their postoperative
vision. These expectations should be clearly explained
before the surgical procedure, and the patients should

sign a special consent confirming their refractive target
preoperatively so both patient and surgeon are in
agreement with the surgical plan.

Conductive Keratoplasty Conductive keratoplasty (CK)
(Viewpoint CK System, Refractec, Inc.) was U.S. Food
and Drug Administration (FDA) approved in 2004 as a
noninvasive treatment for mild to moderate hyperopia
(+0.75 to 43.00 D).*” It uses radio waves to adjust the
contour of the cornea by shrinking the corneal collagen
around a radioactive probe. Basically, the procedure
is designed to steepen the central cornea, creating a
hyperprolate contour and thus increasing refractive
power.

Treatment with CK is based on the effect of heat on
the biomechanical properties of the cornea. At 55°C to
65°C, collagen dehydrates and retracts but returns to
its original configuration on cooling. At temperatures
above 70°C to 100°C, collagen completely denatures,
resulting in permanent changes. Circular applications
of 8 spots are created by repeated insertion of the
probe at optical zones of 6.0 mm, 7.0 mm, or 8.0 mm
circumference, determined by a preset nomogram,
for a total of 8, 16, 24, or 32 spots. Shrinking the periph-
eral collagen has a tightening effect on the midperiph-
eral cornea.

The efficacy of CK was validated in a prospective
consecutive case series by Stahl,'’ which showed
safe, effective results at 1 year in a series of 10 emme-
tropic presbyopic patients who had CK in their
nondominant eye. Patients had a mean preoperative
near acuity of Jaeger (J) 10. Postoperatively, 90% of
patients achieved a mean uncorrected near visual
acuity (UNVA) of J1 and 100% achieved a UNVA of
J3 or better. No eye lost corrected visual acuity at dis-
tance or near. Treated eyes lost a mean 2.2 lines & 2.0 (SD)
of uncorrected distance visual acuity (UDVA) but
gained a mean 8.7 & 2.0 lines of UNVA. Effects were
sustained at the 1-year follow-up.” ' Although pa-
tients reported glare and halos during the early post-
operative period, high levels of satisfaction and
spectacle independence for near were reported
1 year postoperatively.” '’ Despite these encouraging
results, patients having CK tend to experience signifi-
cant regression over time, with some patients revert-
ing to their preoperative refractive state.'' Currently,
CK is not commonly performed because of the
lack of long-term stability; however, some surgeons
perform it in select patients to enhance near vision.

Corneal Inlays The concept of the corneal inlay has
been around for more than 60 years. The original
idea, synthetic keratophakia, was proposed by Barra-
quer in 1949 (described by Waring and Klyce'?).
Corneal inlays have evolved over the past 20 years,
with more dramatic advancements occurring since
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Table 1. Characteristics of 3 types of corneal inlays.

Appproval
Type of Inlay Example Optics Structure and Composition Status
Corneal Raindrop (Vue + /Presbylens) Steepens central cornea; Transparent hydrogel, 2.0 mm Phase II trials

reshaping (Revision Optics, Inc) hyperprolate anterior cornea diameter, 32 um in center,
increases depth of focus no refractive power
Refractive Flexivue Microlens (Presbia, Inc)  Clear refractive inlay with index Transparent hydrophobic acrylic, Phase II trials
InVue (Biovision AG, of refraction different from 1.6 mm aperture, 3.2 pm wide
Neoptics AG) that of the cornea, creating 15 pm thick, refractive power
multifocal cornea of ring +1.5to +3.5D
Small Kamra (ACI 7000, Acufocus, Inc) Pinhole effect increases depth Opaque, 1.6 mm aperture, FDA approved
aperature of field 8400 holes (5-11 um), 5 pm

thin, 3.8 mm diameter

FDA = US. Food and Drug Administration

the introduction of femtosecond laser technology,
which facilitates intracorneal placement.”” Earlier
inlay models were challenged with biocompatibility
issues; however, recent models are thinner and more
porous with high levels of oxygen permeability and
minimal reactivity within the corneal stroma.” Early
models were derived from the pinhole optical effect,
which increased the depth of field.

Although not all corneal inlays have been approved
by the FDA for use in the U.S., several models have
been implanted with good results throughout the
world. The 3 types of corneal inlays—corneal reshap-
ing inlays, refractive inlays, and small-aperture inlays
(Table 1, Figure 1)—are based on different optical prin-
ciples and work through different mechanisms to
increase the depth of focus, thus inducing a form of
pseudoaccommodation. All appear to result in an
improvement in UNVA.

The primary advantage of corneal inlays compared
with other forms of surgical presbyopia correction is
that they are additive; that is, no tissue is removed.
This makes them easier to remove or reverse. Corneal
inlays can be used in conjunction with laser refractive
surgery or cataract surgery or can be removed later for
other forms of presbyopia correction.

Kamra Inlay The Kamra inlay (Acufocus, Inc.)
recently received FDA approval in the U.S. It is
commercially available in 49 countries, and close to
20000 inlays have been implanted worldwide."*
There are more data supporting the efficacy and
safety of this inlay than of any other inlay at this
time. The small-aperture, microperforated opaque
inlay is made of polyvinylidene fluoride. It comprises
approximately 8400 pinholes that allow micronu-
trients to freely permeate the structure. Studies show

that the inlay has been tolerated and is biocompatible
at least 2 years postoperatively, with no signs of scar-
ring or vascularization."” The opaque inlay may be
visible in light-colored eyes, whereas the other inlay
types are clear. Aside from the aesthetic issue, the opa-
que nature of the inlay may be a barrier to performing

Kamra

Flexivue microlens

Raindrop vision

Figure 1. Three types of corneal inlays.
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subsequent cataract or retina surgery. The inlay relies
on the principle of pinhole optics to increase depth of
focus by blocking unfocused light.

For best results, patients should start with emmetro-
pia. If they are not emmetropic, LASIK can be per-
formed to achieve emmetropia. One month after the
LASIK procedure with a 100 pm flap, a corneal pocket
is made in the nondominant eye at a depth of 200 pm
using a femtosecond laser and the inlay is inserted into
the pocket.

The patient should be told to expect a period of neu-
roadaptation, which may be longer in older patients.
The inlay may also induce some glare and halos and
should probably not be used in patients who are high-
ly dependent on night driving.

The complications of this inlay are primarily related
to the LASIK flap or pocket and include dry eye and
epithelial ingrowth. Centration of the inlay may be
challenging and for this primary reason, the learning
curve is slower than that for other laser refractive pro-
cedures. The inlay seems to provide acceptable visual
outcomes with a significant increase in near vision and
minimal loss of distance vision.'®

Raindrop Near Vision Inlay The Raindrop near vision
inlay (Revision Optics, Inc.) is a small-diameter uni-
form clear hydrogel lens with a hyperprolate shape
and no refractive power. It is intended to reshape
the anterior curvature of the cornea (causing central
steepening) to enhance near and intermediate vision.
Although the inlay itself has no refractive power,
it produces a variable power from the center to the
periphery, similar to the effect of a multifocal IOL.
The inlay is freely permeable, enabling nutrients to
pass throughreadily. It is currently placed under a femto-
second laser flap; however, it will soon be placed in a
femtosecond laser-created pocket. Although the inlay
is intended for unilateral use in the nondominant eye, it
has been placed bilaterally with good results. Bilateral
staged implantation 6 months apart seems to increase
near vision an additional line with a minimal decrease
in distance vision. The inlay has been implanted in
phakic and pseudophakic patients with good results.'”

Flexivue Microlens The Flexivue microlens (Presbia,
Inc.) is a hydrophilic acrylic clear refractive inlay
with an index of refraction that differs from that of
the cornea. The small hole in the center of the inlay pro-
vides distance vision, and the peripheral ring creates a
slight myopic shift inducing a multifocal effect,
providing the patient with good distance and near
vision. The inlay has excellent biocompatibility and
nutrient permeability, and because it is a clear disk,
it does not obstruct the light entering the eye.

The inlay is currently being implanted in emme-
tropic presbyopic patients only, and they are in Phase
3 of the FDA clinical trial.” Theoretically, the inlay will
eventually be combined with LASIK surgery to correct
the patient's refractive error as well as the presbyopia.
It is being implanted in a femtosecond laser-created
pocket, similar to the implantation of the Kamra inlay.
The inlay has the Conformité Européenne (CE) mark
in Europe and is also available in South America; how-
ever, only about 1000 inlays had been implanted as of
March 1, 2014."°

Summary of Corneal Inlays In the U.S., corneal inlays
are now available as an option for presbyopic patients.
Although corneal inlay treatments for presbyopia may
not be ideal, they have many desirable attributes,
including reversibility, repeatability, and minimally
invasive surgical implantation, while providing im-
provements in near vision without significant loss of
distance vision. Disadvantages include a potential
decrease in contrast sensitivity and a small decrease
in distance visual acuity. Corneal inlays may induce
corneal aberrations that create difficulties with subse-
quent IOL choice and power calculations. They may
also affect visibility for further cataract or retinal sur-
gery. Given the natural progression of presbyopia,
most patients may eventually need reading glasses
again if their accommodative needs surpass what the
inlay can provide. Patient satisfaction will be increased
by providing patients with realistic expectations
before surgery (Figure 2).

Excimer Laser Multifocal Ablations (Preshyopic Laser In Situ
Keratomileusis) The current flying-spot excimer lasers
have enormous flexibility in the type of ablation pat-
terns available for reshaping the cornea. Myopic astig-
matic, hyperopic astigmatic, and mixed astigmatic
patterns have been used for many years to create a
stigmatic focal point to achieve crisp uncorrected
visual acuity at a given distance. The stigmatic nature
of that focal point can be traded for an elongated focal
range at the expense of vision quality by exploiting
spherical aberration (Figure 3).

The first multifocal corneal ablation was reported by
Moreira et al.'® using photorefractive keratectomy to
treat myopia. Over the subsequent 20 years, although
many ablation profiles were tried in various trials
around the world, 2 main techniques emerged: periph-
eral and central presbyopic LASIK. These techniques
are the most robust in providing functional uncorrec-
ted distance and near vision while minimizing the
inevitable loss of contrast sensitivity and concomitant
quality of vision inherent in creating a multifocal
cornea. Implementing these techniques depends on
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Advantages of Corneal Inlays

Disadvantages of Corneal Inlays

Do not need a cataract o

Glare/halos

Reversible e [ssues with oxygen permeability
Repeatable e Decrease in contrast sensitivity
Minimally invasive e Decrease in light entering eye

Easily modifiable e Decrease in quality of distance vision
Able to use in conjunction with laser vision o Provides near vision in only one eye
correction

Must tolerate monovision first
Questionable complete reversibility
Possible permanent corneal
alterations
e Questionable biocompatibility
Mild interface reactions
Neuroadaptation issues
Procedural issues — centration may be tricky

Figure 2. Advantages and disad-
vantages of corneal inlays.

the unique capabilities of the excimer laser platform on
which they were developed. At the time of this publi-
cation, neither technique has been approved by the
FDA for clinical use in the United States.

Peripheral (Central-Far and Peripheral-Near) Peripheral
presbyopic LASIK creates a central oblate zone for

—_—
Spherical Aberration [um) Far

Secondary 0D 0.5D

Primary

distance vision surrounded by a steeper, more prolate
peripheral annulus for near vision. An early version,
known as the PARM technique,19 started with a hyper-
opic ablation to create the hyperprolate asphericity
required for the peripheral near zone. This was
followed by a central 4.0 mm myopic ablation for
distance vision (Figure 4).

Intermediate — Near
1D 1.5D 2D 2.5D

0 0 E

0.28

0 0.20 E

R S A R e
——_— — = =

e

0.10 0.15

R —
—_—

—
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Figure 3. Spherical aberration tradeoff between depth of field and visual quality. In the emmetropic eye with no spherical aberration, the distant
image is the most stigmatic and the most crisp (upper left E). The image quality degrades rapidly; however, when the object moves closer (E's to
the right in the first row), when spherical aberration is present in various amounts, the quality remains useful over a wider range of distances
(E's on rows 2 through 4). (Image from the University of Rochester Advanced Physiological Optics Laboratory. Available at: http:/ /www.cvs.

rochester.edu/yoonlab/research/pa.html. Accessed February 8, 2016).
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Figure 4. Peripheral (central-near, peripheral-far) presbyopic LASIK.
Step 1 (red): Hyperopic ablation creates peripheral near zone. Step 2
(blue): Small optical zone central myopic ablation creates central
distance zone.

Peripheral presbyopic LASIK uses a wavefront-
guided algorithm to reduce unwanted aberrations,
with an initial large optical zone to treat a myopic
correction. Subsequent midperipheral aspheric abla-
tions are added to create increasing myopia in the
peripheral cornea. Finally, a demyopization treatment
is added to the central 4.0 to 5.0 mm to ensure distance
correction in the central cornea.

The major limitation of the peripheral presbyopic
LASIK technique is the relatively large amount of tis-
sue removal required to create the hyperprolate shape.
Because of this, peripheral presbyopic LASIK is better
suited to hyperopic than myopic presbyopic eyes. In
addition, the technique requires an excimer laser that
compensates for the cosine effect—the loss of fluence,
which occurs with the more oblique incident beam
inherent to treating the peripheral cornea.

Epstein et al.”’ reported a series of 103 patients
treated with standard LASIK in the dominant eye
for distance and peripheral presbyopic LASIK in the
nondominant eye, creating a sort of “super monovi-
sion.””" With all eyes followed for at least 1 year,
92% of myopic patients and 89% of hyperopic patients
reported spectacle independence. Binocular UDVA
was at least 20/20 in 67.9% of hyperopic patients
and 70.7% of myopic patients. Binocular UNVA at
40 cm was at least 20/20 in 71.4% and 65.3%, respec-
tively. Higher-order aberrations increased by more
than 50% in both hyperopic and myopic groups,
with 14.3% of hyperopic eyes losing 1 line of CDVA.

Central (Central-Near and Peripheral-Far) ~Central pres-
byopic LASIK creates a small optical zone of central

steepening for near vision surrounded by a relatively
flatter peripheral zone for distance vision. One
advantage of this technique is that the central area of
steepening can be applied following a hyperopic or
myopic initial treatment for distance correction
without a significant increase in overall tissue removal
(Figure 5).

The main limitation of central presbyopic LASIK is
difficulty determining the optimum axis for centra-
tion: visual axis, pupil center, or corneal vertex. As a
result, this technique is prone to inducing coma-like
aberrations, which degrade quality of vision.

Ali6 et al.”” reported 6-month results in 25 patients
with hyperopic astigmatism and presbyopia treated
bilaterally with central presbyopic LASIK. Sixty-four
percent of patients had a UDVA of 20/20 or better.
Seventy-two percent had a UNVA of 20/40 or better.
Twenty-eight percent lost a maximum of 2 lines of
CDVA. There were significant mean decreases in
contrast sensitivity in spatial frequencies of 3, 6, 12,
and 18 cycles per degree.

Patient Selection Presbyopic LASIK is most appro-
priate for patients early in the presbyopic process.
With the significant improvement of multifocal IOL
technology in recent years and the relatively low risk
of clear lens exchange in the hyperopic population,
the transient nature of presbyopic LASIK makes it
a less attractive option for the hyperopic presbyopic
patient. For myopic presbyopic patients in whom
clear lens exchange carries some risk for retinal com-
plications, presbyopic LASIK may be a safer alterna-
tive. Other good candidates for presbyopic LASIK
are patients with previous monofocal IOL implanta-
tion who desire spectacle independence.

In summary, excimer laser multifocal ablations have
limited application in the treatment of presbyopia, pri-
marily because of their inherent transient nature and
relatively high incidence of quality of vision loss. The
lack of standardization of the technique across multi-
ple excimer laser platforms and the relatively low
number of high-quality clinical trials make it unlikely
that the techniques will gain wide acceptance, particu-
larly in the U.S. because of the lack of FDA-approved

IR

Figure 5. Left: Central (central-far, peripheral near) presbyopic LASIK for myopia. Step 1 (red): Myopic ablation creates peripheral distance zone.
Step 2 (blue): Additional small optical zone central hyperopic ablation creates central near zone. Right: Central (central-far, peripheral near) pres-
byopic LASIK for hyperopia. Step 1 (red): Hyperopic ablation creates peripheral distance zone. Step 2 (blue): Additional small optical zone central

hyperopic ablation creates central near zone.
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protocols. Although some experts describe the proce-
dure as reversible, the absence of FDA-approved
topography-guided excimer laser protocols make
this claim clinically impractical in the U.S.

INTRAOCULAR LENS-BASED OPTIONS

Cataract surgery or clear lens extraction provides
another opportunity for the surgical correction of pres-
byopia. As previously discussed, monovision and
blended vision (mini-monovision) are options for
patients to achieve increased spectacle independence
with cataract surgery. Multifocal or accommodating
IOLs are options with the potential to dramatically
improve a patient's spectacle independence, but
patient selection is critical.

Multifocal Intraocular Lenses

Multifocal IOLs are designed with concentric zones
or rings in the lens that focus light from 2 distances,
enabling patients to see both distant and near targets.
However, they are not suitable for every patient and
potential candidates have to be carefully selected
through extensive preoperative screening.”

All multifocal IOL patients should have preopera-
tive topography to look for evidence of irregular astig-
matism. Multifocal IOLs are not well-suited to patients
with high degrees of regular astigmatism, irregular
astigmatism, or other forms of corneal dystrophies or
degenerations that can compromise quality of vision.

Similarly, optimum macular and optic nerve func-
tion is essential for a patient to adapt to the optics of
multifocal IOLs, which result in a reduction in the
modulation transfer function, clinically manifesting
as a decrease in contrast sensitivity. Multifocal IOLs
should not be implanted in high-risk surgical cases
with the potential for complications.”

When an appropriate candidate is identified, preop-
erative counseling should be used to set appropriate
realistic expectations, advising the patient of potential
visual side effects (such as glare and halos) and poten-
tial limitations at certain distances or in certain lighting
situations. Significant time should be taken preopera-
tively to avoid postoperative disappointments. Under-
standing a patient's lifestyle demands and their visual
expectations will help ensure that the selected IOL will
achieve the patient's goals for surgery.

Multifocal IOLs are exquisitely sensitive to residual
refractive error. Therefore, accurate preoperative
biometry is essential.””** Corneal power can be as-
sessed in several ways including with devices that
measure the anterior corneal surface, posterior corneal
surface, or both using various topographic and tomo-
graphic technologies.”””® We have recently learned

that posterior corneal astigmatism can significantly
affect the refractive outcome.'® Therefore, a device
that uses Scheimpflug tomography to measure the
anterior and posterior corneal surfaces may be more
accurate than manual keratometry and Placido topog-
raphy, which assess only the anterior surface. The most
precise method to measure posterior corneal astigma-
tism directly and incorporate it into the assessment
of total corneal power is being investigated and
factored into product development.” It is also impor-
tant to center and align the IOL on the visual axis; how-
ever, in most instances, the IOL will center itself in the
capsular bag regardless of where the surgeon places it.

Multifocal IOLs require proper centration and func-
tion best in patients with minimal astigmatism and a
nearly emmetropic refractive result. Thus, astigma-
tism management with multifocal toric IOLs, limbal
relaxing incisions, arcuate incisions, or postoperative
bioptics is crucial. The use of femtosecond lasers in
cataract surgery has the potential to improve IOL cen-
tration through creation of a well-centered, perfectly
circular capsulorhexis for IOL centration in the
capsular bag, although it is currently unclear whether
this truly results in better visual outcomes. The recent
FDA approval of a toric multifocal IOL (Restor toric,
Alcon Surgical, Inc.) will also enable us to offer spec-
tacle independence to more patients. In cases with
residual postoperative refractive error, laser vision
correction provides a mechanism for enhancing results
and improving patient satisfaction.””*”

Although our options for multifocal IOLs are
limited (Restor and Restor toric and Tecnis multi-
focal, Abbott Medical Optics, Inc.) in the U.S., several
IOL platforms, such as trifocal designs, extended
depth of focus IOLs, and toric multifocal IOLs, used
in other parts of the world are promising technologies
for future application. In addition, IOLs that allow
the correction of refractive errors postoperatively
may be excellent options for patients. Despite techno-
logic advancements, patient selection and patient
education are ultimately the keys to success with
this technology.

Accommodating Intraocular Lenses

Accommodating IOLs are designed to replicate
physiologic accommodation by changing the refrac-
tive power of the eye through contraction of the ciliary
muscle, changing vitreous pressure, or reducing the
diameter of the capsular bag.” Unlike multifocal
IOLs, which require the brain to distinguish between
a distant image and a near image at the same time,
accommodating IOLs have a single point of focus.
The accommodating IOL is designed to provide
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excellent distance and intermediate vision and func-
tional near vision.

Currently, the only 2 FDA-approved accommoda-
ting IOLs in the U.S. are the Crystalens Advanced
Optics monofocal IOL and the astigmatism-correcting
version, the Trulign toric IOL (both Bausch & Lomb).
The Crystalens has a 5.0 mm silicone optic and is de-
signed to provide approximately 1.0 D of monocular
accommodation, which is intended to provide near,
intermediate, and distance vision with decreased
dependency on spectacles.”

The Trulign toric version was FDA approved for
3 cylinder powers: 1.25 D, 2.00 D, and 2.75 D measured
at the IOL plane. In the FDA trial of 210 patients, 97.8%
of patients had distance and intermediate visual acuity
of 20/40 or better postoperatively and 70% had a
UNVA of 20/40.“

An advantage of accommodating IOLs compared
with multifocal IOLs is that more patients are candi-
dates for these IOLs because patients with other
ocular pathology are generally excluded as candi-
dates for multifocal IOLs. In addition, patients with
accommodating IOLs tend to experience less glare
and halos and less decrease in contrast sensitivity
postoperatively.”

A disadvantage of accommodating IOLs is that the
ability to truly accommodate and see near targets
appears to be somewhat variable. To ensure that
patients will obtain functional near vision with an
accommodating IOL, many surgeons undercorrect
(by approximately 0.75 D) the nondominant eye of
the patient. Dhital et al.”’ have shown better near
and intermediate visual acuities with accommodating
IOLs than with monofocal IOLs. They believe this
is due to depth of focus and not IOL movement.
Zamora-Alejo et al.”" also showed that the Crystalens
HD had some benefit for intermediate visual function
compared with a monofocal IOL; however, there were
no signs of accommodation in either group.

SCLERAL-BASED PRESBYOPIA OPTIONS

Scleral-based presbyopia surgery developed from the
theory that the lens is under increased equatorial
zonular tension during accommodation and any pro-
cedure that increases the distance between the lens
equator and the ciliary muscle should improve
accommodation. The Helmholtz lenticular theory of
accommodation has endured through various modifi-
cations as technological advances have enabled us to
understand the anatomy of the extralenticular ele-
ments involved in accommodation."” Understanding
the relationship between the ciliary body, vitreous,
zonular fibers, and anterior hyaloid face is essential

to comprehend the current scleral-based presbyopia
surgical options.”” Detorakis and Pallikaris™ showed
ocular rigidity to be correlated with loss of accommo-
dation. The Croft et al. study”* showed that the ciliary
muscle does not lose the ability to contract with age
but does lose the ability to move forward and centrip-
etally with age, perhaps because of an increasingly
inelastic posterior attachment. The loss of muscle
movement with age is sufficient to explain losses in
centripetal lens movement and in accommodative
amplitude and may be involved in the pathophysi-
ology of presbyopia.”*” Goldberg™ has further
supported this model of accommodation with the gen-
eration of a computer model to support the complex
anatomy involving the ciliary body, zonular appa-
ratus, anterior and posterior capsule, and lens.

Past scleral techniques include silicone implants
in radial incisions,” anterior ciliary sclerotomy with
and without Collagen,%’39 and erbium:YAG laser
radial sclerectomy.”’ None are currently being used
because of variable outcomes and risks such as ante-
rior segment ischemia and scleral macroperforations.

Currently, 2 procedures that treat presbyopia by
altering the scleral and ciliary body anatomy based
on the aforementioned concepts have received the
CE mark and are being studied in clinical trials. The tri-
als are enrolling phakic patients between 45 years and
60 years with good distance visual acuity (20/25 or
better) and normal ocular anatomy and without
chronic systemic diseases, previous ocular surgery,
or inflammatory ocular conditions.

The first of the 2 technologies is the Presview scleral
implant (Refocus Group); FDA data are being collec-
ted.” Refocus developed this scleral implant and the
associated procedure to treat presbyopia. During
the procedure, 4 small, clear plastic scleral implants
are placed in a circular pattern just below the surface
of the sclera. The implants function by lifting or vault-
ing the sclera. The scleral vaulting also lifts the under-
lying ciliary muscles surrounding the crystalline lens.
Lifting the ciliary muscles increases the circumlental
space, thus tightening the zonular fibers that hold
the IOL in place. With proper tension on the zonular
fibers, the ciliary muscles can manipulate and change
the shape of the IOL to focus on near objects.

The procedure has been performed in 330 primary
eyes and 315 fellow eyes (total 645; mean preoperative
UNVA 20/73). The mean age of the cohort was
54.3 years. The mean manifest refraction spherical
equivalent of the cohort was +0.28 D. To date,
324 patients have been followed for 3 months, 179
for 12 months, and 80 for 24 months. At 3 months,
the percentage of patients reporting excellent or
acceptable bilateral intermediate vision while viewing
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the computer improved from 24% preoperatively to
87%. The percentage of patients reporting excellent
or acceptable vision while reading newspapers
improved from 4% preoperatively to 76%; at
24 months, 73% of patients still reported excellent or
acceptable vision. Other fine near tasks such as
reading prices and medicine labels also improved by
59% and 57 %, respectively, at 3 months. At 24 months,
83% of the patients were able to perform most near
activities without reading spectacles and 89% rated
their near vision as better to significantly better than
preoperatively. Distance vision is not affected by
this procedure; 99% of the patients reported excellent
or acceptable vision for distance tasks (the same as
preoperatively).” Data collection on this group is
continuing at the 24-month mark and will continue
out to 36 months.

The second of the technologies is the Laser ACE sys-
tem (Ace Vision Group). This procedure differs from
the Presview procedure in that it uses the Visiolite
erbium:YAG laser (Ace Vision Group) to ablate
600 pm laser spots in the sclera, which are presumed
to facilitate contraction of the ciliary muscle by
decreasing scleral resistive forces based on the previ-
ously discussed studies. Nine laser spots are delivered
in a diamond matrix pattern to each oblique quadrant.
Proprietary materials are used to promote healing to
maintain the desired effect. Current clinical trials are
being performed outside the U.S. Outcomes in
15 patients in a prospective single-center 12-month
trial were presented at the European Society for Cata-
ract and Refractive Surgeons.” All 15 patients achieved
some improvement in near and intermediate visual
acuity, with a mean of 4 lines of improvement in
reading vision. The mean increase in accommodative
amplitude was 1.5 D, and patient satisfaction was at
the 90% level, with stereoscopic acuity remaining
intact.

Both of the 2 procedures have shown improvement
in UNVA and high patient satisfaction. The Presview
procedure is closer to the approval process, with active
patients being recruited in FDA trials. Both procedures
have obtained the CE mark, and patients with follow-
ups of more than 3 years are being recorded.

CONCLUSION

The surgical correction or elimination of presbyopia
remains a major goal in ophthalmology. Currently,
there is no perfect option but several options can pro-
vide spectacle independence for some patients; how-
ever, all the options reflect a compromise compared
with pre-presbyopic emmetropia. Presbyopia is a uni-
versal problem that many have attempted to solve
through a variety of physiologic approximations to

recreate the natural physiology of a young eye with
true accommodative amplitude. Achieving complete
spectacle independence with restoration of accommo-
dation is an enormous task; however, many of the
evolving modalities are moving us toward achieving
this goal.
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