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Surgical Correction of Presbyopia:
A Focus on New Techniques 
BY RAYMON D STE IN, MD, FRCSC, AN D REB ECCA STE IN, BSC, MBCHB (CAN DIDATE)

Surgical correction of presbyopia is an area of intense research and development. Although
it would be ideal to prevent or reverse hardening of the crystalline lens, this is not currently
a viable therapeutic option. In recent years, many different surgical procedures have been
developed to allow near vision. This issue of Ophthalmology Rounds provides an overview
of the procedures and related devices currently in use or in development for the treatment
of presbyopia. All refractive and cataract patients should understand the advantages and
disadvantages of the various presbyopic procedures. Although technology will continue to
advance, there are real clinical benefits to the presbyopic options that can be offered today. 

Over the past decade, advances in refractive surgery have significantly improved the treat-
ment of myopia, hyperopia, and astigmatism. Surgical correction of presbyopia is considered the
final frontier in the field of refractive surgery. Presbyopia is the gradual reduction in the ampli-
tude of accommodation with aging that has already started by the early teenage years and ends
sometime in the sixth decade of life with the complete loss of the ability to change the power of
the eye.1 Remedial action becomes necessary when an individual’s near point has receded to an
inconvenient distance. 

Presbyopia, literally meaning “old eye,” is the most common ocular condition in the world.
With increasing longevity, most people in the western world will spend almost half their lives as
presbyopes. Presbyopia currently affects around 2 billion people worldwide.2 The first known refer-
ence to presbyopia is probably by Aristotle (384-322 BC),3 who referred to the individual suffering
from it as presbytes (Greek for “old man”). The basic pathophysiology involved in its development
has been a matter of controversy for centuries. The treatment of presbyopia has primarily
consisted of reading glasses or contact lenses. However, reading glasses only allow sharp vision at
a given distance, and bifocal glasses can be difficult to use because the patient has to rotate the
eyes downward instead of rotating the head. Eye care professionals and patients are searching for
a safe, effective procedure to replace accommodation thus restoring the full range of vision, typi-
cally enjoyed before age 40. In addition to the goal of enhanced distance and near vision, it is
important to provide functional intermediate vision. Computers, dashboards, mirrors, deskwork,
and everyday facial encounters bring out the value of clear uncorrected intermediate vision.

Currently, all presbyopic nonsurgical and surgical approaches are considered compromises
between benefit and adverse effect since there is no causative treatment; ie, restoration of the
flexibility of the crystalline lens. It is important to keep in mind that the potential unwanted
adverse effects of surgical procedures (eg, reduction in contrast sensitivity or halos at night due
to a multifocal implant) must be differentiated from the inherent surgical risk to any procedure
(eg, endophthalmitis or cystoid macular edema). 

Refractive surgeons now have a number of different surgical modalities from which to
choose, including mature technologies like monovision laser-assisted in situ keratomileusis
(LASIK) or the creation of monovision with an intraocular lens (IOL) implant. In addition, there
are corneal inlays, presbyLASIK, intrastromal correction with femtosecond technology, multifocal
implants, accommodative implants, and scleral procedures. Developing procedures include
photodisruption of the crystalline lens and capsular refilling. 

The Underlying Problem

Modern physiological studies confirm Helmholtz’s theory that progressive hardening of the
crystalline lens is at the root of age-related loss of accommodation.4 He theorized that when
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the eye accommodates, the ciliary muscle contracts,
reducing the tension on the zonules that span the circum-
lental space extending between the ciliary body and the
lens equator. This releases the outward-directed equato-
rial tension on the lens capsule and allows this elastic
capsule to contract, causing an increase in the anterior-
posterior diameter of the lens and resulting in an increase
in its optical power. Many studies based on Helmholtz’s
theory have attempted to explain the loss of accommoda-
tion in the aging eye. Some suggest a loss of zonules or
capsule elasticity with aging; thus, when the zonules are
relaxed, the lens is unable to change its shape,5 and
reports conflict on whether the ciliary muscle atrophies
with age.6

The ideal treatment of the crystalline lens’s loss of
functionality would be either prevention or reversal of
the hardening. Unfortunately, we are short of realizing
either therapeutic option. Surgical procedures to treat pres-
byopia have been developed to deal with the sclera,
cornea, or lens.

Surgical Corrective Procedures

Scleral procedures

Scleral procedures performed with a blade, laser,
and/or insertion of scleral implants are based on
expanding the distance between the lens equator and the
ciliary muscle, thereby increasing zonular tension;7

however, the mechanisms underlying this concept have
yet to be proven. According to Schachar,7 growth of the
lens without concomitant growth of other ocular struc-
tures physically inhibits the movement necessary for
accommodation. A sclerotomy, performed with a blade or
laser, would give the lens more room for accommodation.
However, physiological studies have shown that the lens
does not have increased spaced to move and, additionally,
does not move equatorially. Some of the early positive
results with the scleral expansion procedure may be
secondary to induced multifocality, which provided some
enhanced near vision. Clinical outcomes with scleral
expansion bands have been neither long lasting nor
predictable.8-10 Additionally, potential risks of scleral proce-
dures include the danger of perforation, retinal detach-
ment, choroidal or retinal hemorrhage, and ischemia, and
scleral implants increase the risk of infection and may
migrate and extrude.

One new laser procedure aims to correct presbyopia by
modification of the scleral-ciliary complex. It utilizes an
erbium yttrium aluminum garnet laser to ablate at a depth
of 90% of the sclera and a width of 600 µm, with the goal
to free the ciliary muscle to contract normally.11 The spots
are delivered in a matrix pattern of 9 laser spots into each
oblique quadrant. After completion of the microexcisions,
a collagen biomatrix filler is applied to fill the excisions to
prevent fibrosis and maintain patency of the ablations.
Hipsley and colleagues12 reported restoration of accommo-
dation of 1.25–1.50 D in 135 eyes, which remained stable
through 18 months. They also reported that 89% of
patients had near uncorrected visual acuity (VA) of J3 or
better postoperatively and no significant loss of distance
VA. Broader clinical trials are underway to corroborate
these early results. 

Corneal procedures

PresbyLASIK

There are 2 main approaches to creating corneal multi-
focality with LASIK. Peripheral presbyLASIK depends on
increasing the range of pseudoaccommodation, whereas
central presbyLASIK creates a bifocal. Although higher-
order aberrations are responsible for decreasing the quality
of vision, they can increase the depth of focus to enhance
near vision. The amount of aberration that is beneficial
appears to vary from patient to patient.

In peripheral presbyLASIK, the depth of focus is
increased by the ablation of the peripheral cornea,
inducing negative peripheral asphericity. In this procedure,
the centre of the cornea is left for distance, whereas the
peripheral cornea is for near.13-15 The presbyopic correction
achieved with this ablation profile is significantly influ-
enced by the pupil diameter. If the pupil dilates, as under
night conditions, more of the area of the pupil is covered
by near correction, and distance vision may be compro-
mised. Conversely, if the pupil becomes miotic, near-vision
performance is reduced.

Central presbyLASIK involves the creation of a hyper-
positive area for near vision in the central cornea,
resulting in a surface which functions similar to a defrac-
tive multifocal IOL.16,17 This type of ablation profile
depends on pupil size for the presbyopic correction; pupil
constriction enhances near vision at the expense of
distance vision. One of the main advantages of this tech-
nique is that less tissue must be removed than with the
peripheral technique. 

Clinical outcomes for peripheral13-15 and central16,17

presbyLASIK have demonstrated a high percentage of
patients achieving 20/25 distance VA and J2. Further
studies are necessary to determine the long-term success
of these techniques and to further evaluate the quality of
vision under low light and low-contrast conditions.

Corneal inlays

There have been many challenges over the years in
the development of corneal inlays. A clinically successful
corneal inlay must be thin, have a small diameter, provide
adequate nutritional and fluid permeability, and be
inserted relatively deeply in the cornea of the nondomi-
nant eye under a flap or in a pocket. Impermeable
intrastromal inlays can interfere with corneal metabolism
and lead to overlying thinning. An adequate supply of
glucose from the aqueous humor, anterior to the inlay, is
critical to prevent anterior stromal necrosis. Superficial
implantation can lead to abrupt surface curvature changes.
Inlays also have the potential to be implanted in mono-
focal pseudophakic patients and post-laser vision correc-
tion patients who have become presbyopic.

The benefits of intrastromal corneal inlays for the
treatment of presbyopia include potential reversibility, ease
of implantation, and the potential advantage to combine
them with other refractive procedures to allow the simul-
taneous correction of distance acuity. Early intrastromal
corneal inlays had been complicated by corneal opacifica-
tion, vascularization, keratolysis, and decentration.
Advancements in corneal inlay technology have been
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and central cornea to focus light rays for near. Six-month
data in 30 emmetropic presbyopes from Slade et al21

showed that mean UNVA of the treated eye was 20/25 and
J1, corresponding to 4 lines of improvement. Uncorrected
intermediate VA (UIVA) in the treated eye improved to
20/25; ie, 2 lines of improvement. No patient lost ≥2 lines
of corrected near or distance VA. In a previous animal
study,22 the implanted eyes remained clear and free from
reaction to the corneal inlay. Corneas were clear upon slit
lamp examination at 1 year and histology data suggested
that the inlay appeared to be inert. 

The FlexiVue Microlens™ is the only inlay that uses a
refractive add power. The lens is made of a hydrophilic
polymer, and it is available in +1.5 to +3.5 D refractive
powers. In a study by Bouzoukis et al23 of 43 patients with
a mean preoperative UDVA of 20/20 and mean UNVA of
20/50, all patients had an increase in UNVA after 1 week.
By 1 year 98% of patients had an UNVA of J2 or better,
while UDVA was ≥20/40 in 93% of operated eyes. 

The Icolens™ is the newest corneal inlay in develop-
ment and is designed to create a multifocal effect using a
hydrophilic acrylic hydrogel. This lens combines a neutral
central zone with a peripheral optical zone of 3 D. Similar
to a multifocal intraocular lens, this bifocal inlay delivers
2 simultaneous images onto the retina. The peripheral
positive refractive power of the inlay provides near vision.
In a study by Kohnen and O’Keefe,24 60% of 52 implants
gained ≥2 lines in near VA and 34% gained ≥3 lines. More
than half (52%) of patients had no change in UDVA, 30%
lost 1–2 lines, and no patient lost more >2 lines. No
corneal complications or adverse events occurred. Further
clinical results will be documented to determine the long-
term patient satisfaction and safety level.

Corneal intrastromal femtosecond laser treatment 
(Intracor® procedure) 

The Intracor® procedure uses a femtosecond laser to
create 5 concentric rings within the stroma to induce
central corneal steepening in the correction of presbyopia.
There are no incisions in the epithelium or Bowman layer.
The procedure takes approximately 15–20 seconds and
starts in the center with a ring diameter of 1.8 mm with
subsequent rings moving towards the periphery. The
formation of these intrastromal rings produces a localized
biomechanical change that reshapes the cornea to
enhance near vision.25,26 The procedure is typically

secondary to materials with enhanced biocompatibility,
femtosecond lasers that facilitate the creation of
intrastromal pockets, and a better understanding of wound
healing responses. The success of this technology will
depend on long-term studies demonstrating biocompati-
bility and excellent refractive outcomes. A summary of the
details and features of the currently available corneal
inlays is presented in Table 1.

The Kamra™ corneal inlay (Figure 1A) is designed to
increase the depth of field in the implanted eye. The inlay
can enhance near and intermediate vision without a signif-
icant impact on distance acuity. Implantation can be
combined with an excimer ablation to simultaneously
address a refractive error and presbyopia. The inlay is
implanted over the line of sight or, in cases in which there
is a significant deviation between the line of sight and the
centre of the pupil, an intermediate position is defined.
Seyeddain et al18 found that 96.9% of patients (N=32 eyes)
could read J3 or better in implanted eyes after 24 months.
Yilmaz et al19 determined that the mean uncorrected near
VA (UNVA) improved from J6 preoperatively to J1+ 12
months post-implant in 39 presbyopic patients (12 were
naturally ametropic and 27 had ametropia from previous
hyperopic LASIK). There was no significant change in
mean uncorrected distance VA (UDVA) in inlayed eyes. At
4 years,20 all patients retained a ≥2-line improvement in
near vision with no significant loss in distance vision. 

The Raindrop™ corneal inlay (Figure 1B) is intended to
improve near and intermediate vision by changing the
curvature of the cornea. The inlay steepens the central
cornea for near vision and leaves the curvature of the more
peripheral cornea unchanged for intermediate and distance
vision. The material has a refractive index and water
content similar to that of the human cornea. Distance
acuity is minimally affected as light rays paracentral to the
2-mm inlay remain primarily focused on the retina, partic-
ularly with a mid-dilated or dilated pupil. Pupil constriction
creates a pseudoaccommodative effect utilizing the steep
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Table 1: Summary of corneal inlays for presbyopia

Kamra™ Raindrop™
Flexivue

Microlens™ Icolens™

Procedure Modified
mono -
vision

Modified
monovision

Modified
monovision

Modifed
mono -
vision

Principle of
action

Increases
depth of

focus

Steepens
anterior
corneal 

curvature

Changes
refractive

index

Multifocal
effect

Surgery Pocket 
or flap

Flap Pocket Pocket

Stromal
depth (µm)

200 120 280–300 280–300

Inlay 
thickness
(µm)

10 25 15–20 15

Diameter
(mm)

3.8 2 3.2 3.0 m

Transparency No Yes Yes Yes

Figures 1A,B: Corneal inlays.

1A. Kamra® inlay: small aperture
corneal inlay enhances the depth
of focus similar to a fixed aperture
camera.

1B. Raindrop® inlay: 2-mm trans-
parent corneal inlay increases the
central corneal power to allow
near vision.



performed in the nondominant eye. Immediately following
the procedure the intrastromal rings are clearly visible
with slit lamp examination, secondary to the cavitation gas
bubbles from photo disruption. These gas bubbles disap-
pear after a few hours and the rings are barely visible
within a few weeks. 

This intrastromal femtosecond laser treatment was first
described in 2009 by Ruiz and colleagues,26 who reported
that all 83 eyes studied had improved UNVA with minimal
or no change in UDVA at 6 months postoperatively. At 12
months, 22 eyes had an UNVA of J1. Two eyes lost 2 lines
of corrected distance VA at 6 months; neither was among
the 22 eyes with 12-month near VA improvement. A study
by Holzer et al27 (N=58 patients) found that UNVA
improved by a mean of 4 lines after 1 year. Eighteen-
month data of 25 patients showed that both the median
gain of 5 lines of near vision and corneal steepening
remained stable.28 Intrastromal femtosecond laser treat-
ment has also been associated with significant adverse
effects; Holzer et al28 observed that 7.1% of their subjects
lost ≥2 lines of distance best-corrected (BC) VA, 11.5% lost
≥2 lines of near BCVA, and 19.6% were not satisfied with
the result at 12 months. This loss of distance BCVA is of
particular concern, and long-term data on this procedure
are required to identify the risk of refractive instability, as
well as the potential reduction in contrast sensitivity and
increased night vision disturbances. 

Monovision

Classic monovision

Monovision is a well-established procedure in refrac-
tive surgery. The technique, in which the dominant eye is
corrected for far vision while the nondominant eye is
corrected for near vision, represents the earliest surgical
attempt to deal with presbyopia. Monovision can be
achieved by either corneal refractive surgery (LASIK or
photorefractive keratectomy monovision) or by a mono-
focal implant. Prior to monovision surgery, a preoperative
spectacle or contact lens trial should be implemented to
ensure that anisometropia could be tolerated. The success
rate in pseudophakic patients is relatively high, varying
from 64% to 100%.29 The main difficulties with the mono-
vision technique are related to reduce stereopsis due to
anisometropia, and blurred vision during night driving. A
pair of glasses for night driving is helpful to allow
improved visual function. The limitations include loss of
fusion due to anisometropia between the 2 eyes, poor
intermediate vision, reduced binocular contrast sensitivity,
and reduced stereoacuity. However, recent studies have
demonstrated that many of these limitations can be
avoided by limiting the anisometropia to 1.25 D or
1.5 D.29,30 It is of interest that monovision induced by
refractive surgery can be tolerated by a higher portion of
patients (92%) than monovision induced by contact lenses
(60%).31 It is unclear whether this may be related to prob-
lems with contact lens wear and tolerance. 

Laser blended vision

Laser blended vision combines elements of monovi-
sion with increases in the depth of field by augmentation
of the spherical aberration. A sophisticated excimer laser

ablation profile is used to induce spherical aberration
within a certain range to mitigate adversely affecting
contrast sensitivity and quality of vision. The technique
has demonstrated satisfactory binocular fusion and func-
tional stereoacuity compared to classic or traditional
monovision. 32,33 Reinstein et al34 demonstrated that 94%
of myopes, 80% of hyperopes, and 92% of emmetropes see
20/25 and J2.

Intraocular procedures

IOL technology continues to advance with the devel-
opment of multifocal and accommodating lenses (Table 2).
Each IOL design has clear advantages and disadvantages.
Preoperative assessment of the patient’s personality and
needs is critical to determine the success with IOL tech-
nology for presbyopia. 

Multifocal IOLs

Multifocal presbyopia-correcting IOLs have demon-
strated a number of benefits, including spectacle indepen-
dence, good near and improved intermediate acuity, depth
of field, easy implantation, long-term capsular bag stability,
and improvement of the symptoms of glare and halos with
neuroadaptation. Potential adverse effects include limited
intermediate vision, reduced contrast sensitivity compared
to accommodating and monofocal lenses, and dysphotopic
phenomena, such as glare, halos, and problems with night
vision.35-40 In several studies, more than 90% of patients
would choose to have the same IOL implanted again. For
dissatisfied patients, the cause could typically be identified
and corrected in most cases. Compared to accommodative
IOLs, reduced contrast sensitivity may limit multifocal

4

Table 2: Multifocal and accommodating intraocular lenses
in Canada

Type

Regulatory
status in
Canada

Contrast
sensitivity

AcrySof®

ReSTOR®

+3.0 D
+2.5 D

Multifocal –
apodized

Approved

Decrease
Decrease

Tecnis®

Multifocal
Multifocal – 
nonapodized

Approved Decrease

AT LISA® 809 Multifocal – 
nonapodized

Special
access

Decrease

Lentis® Mplus
+3.0 D
+1.5 D

Asymmetric 
multifocal

Approved
Slight decrease

No effect

FineVision Asymmetric 
multifocal

Special
access

Slight decrease

Crystalens® Accommodating Approved No effect

Synchrony® Accommodating Special
access

No effect

FluidVision® Accommodating Research
stage

No effect

Sapphire 
AutoFocal®

Accommodating Research
stage

No effect



IOLs in some patients who perform low-light activities.
Glare and halos may be less prevalent with the newer
aspheric designs.

Multifocal IOLs are designed to have multiple focal
points, which create multiple images at different focal
lengths. Patients tend to perceive only the focused image
of interest. Multifocal IOLs can be divided into refractive
and defractive lenses. Multifocal implants should be
discouraged in patients who have epithelial basement
membrane dystrophy and any macular disease, such as
age-related macular degeneration or epiretinal membrane.
High hyperopes might face difficulties due to the large
positive angle kappa that can result in multifocal intoler-
ance. Patients receiving multifocal implants must be aware
that neuroadaptation to the newly created vision might
take up to 6 months. 

Defractive multifocal IOLs utilize defractive zones, or
microscopic steps across the lens surface.41 As light
encounters these steps, it is directed toward near and
distance focal points. The amount of light directed to the
near focal point is directly related to the step height, as a
proportion of wavelength; at a step height of 1 wave-
length, all light will be directed to the near focal point, and
a step height that is a smaller proportion of the wave-
length would direct more light particles to the distance
focal point. This underlying principle is important in
understanding the design differences of the 2 types of
defractive multifocal IOLs: apodized and nonapodized. 

An apodized lens has a gradual reduction in defractive
step heights from the centre to the periphery.42,43 As a
consequence, as pupil size increases, more defractive
zones with smaller step heights are exposed and direct a
larger portion of light rays to the distant focal points. In
theory, this design allows enhanced distance vision in low
light situations, such as driving at night. The AcrySof®

ReSTOR® implant has an apodized defractive optic zone
centrally and a refractive peripheral zone (Figure 2A). This
regional zone difference favours distance vision under
mesopic conditions. The ReSTOR lens is available in a +3.0
model, which provides +2.25 to +2.50 D at the spectacle
plane, and +2.5 model, which provides +1.75 to +2.25 D at
the spectacle plane. The +2.5 model distributes more light
for distance vision, has fewer diffractive zones, a larger
central refractive zone, and a focal point that is about 0.50
D further out than the +3.0 model. Since visual function
depends on pupil size for both implants, satisfactory
reading requires sufficient light to produce a relatively
small pupil. Fernández-Vega et al44 found that UDVA was
≥20/25 in 224 myopic and hyperopic eyes (mean spherical
equivalent -6.0 D and +3.9 D, respectively) 6 months after
ReSTOR implantation. No myopic eye lost ≥2 lines of
distance BCVA, 10 eyes gained 1 line, and 10 gained ≥2
lines. In the hyperopic group, 20 eyes gained 1 line and 15
eyes gained ≥2 lines. No eye lost >2 lines of near BCVA, 1-
2 lines were lost by 10 myopic and 8 hyperopic eyes, 15
myopic eyes and 20 hyperopic eyes gained 1 line, and 5
and 16 eyes, respectively, gained 2 lines. 

Nonapodized defractive IOLs are designed with defrac-
tive steps that have a uniform height from the periphery
to the center, which results in an equal amount of light to
near and distance foci for all pupil diameters.42 The 2

examples of nonapodized multifocal IOLs are the Tecnis®

multifocal IOL (Figure 2B) and the AT LISA® 809 IOL.
Unlike ReSTOR, the Tecnis multifocal features non -
apodized defractive steps on the posterior surface of the
lens.45 Implantation of Tecnis was associated with an
UNVA of J1 in 93.7% of 2500 eyes and J2 in 98%.46 Eight-
five percent of eyes achieved an UDVA of ≥20/30. The AT
LISA 809 IOL, although nonapodized, directs light asym-
metrically to the 2 focal points, in favour of distance
vision. In a study of 45 eyes into which the AT LISA was
implanted, the mean UDVA was 0.04±0.15 logMAR and
98% of eyes reached a UDVA of ≥20/40.47 The mean UNVA
and UIVA were 0.20±0.16 logMAR and 0.40±0.16 logMAR,
respectively. 

Rotationally asymmetric multifocal IOLs. Unlike the
refractive and defractive IOLs, which are designed with
rotational symmetry, a new category of IOLs utilize the
concept of rotational asymmetry.48 One such lens – the
Lentis® Mplus (Figure 3A) – consists of a near section add
that makes the IOL independent of pupil sizes >2 mm. It
is a single-piece square-edge implant composed of
hydrophilic material and is available with a +3.0 D or
+1.5 D add. In a study by Venter et al49 involving 9366
eyes (4683 patients), a binocular UDVA of ≥20/25 was
achieved by 95% of eyes at 3 months. Mean binocular
UNVA at 3 and 6 months were 0.155±0.144 logMAR and
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Figures 2A,B: Multifocal IOLs

2A. AcrySof® ReSTOR® +3.0 D:
apodized diffractive multifocal
design

2B. Tecnis®: nonapodized diffrac-
tive multifocal design

Figures 3A,B: Rotationally asymmetric multifocal IOLs

3A. Lentis® Mplus +3.0 D: a rota-
tional asymmetric bifocal design

3B. FineVision®: a rotational
asymmetric trifocal design



0.159±0.143 logMAR, respectively. Patient satisfaction
level was very high with 97.5% willing to recommend the
procedure. Another design with rotational asymmetry the
FineVision® IOL (Figure 3B); it is a trifocal design that
combines 2 defractive profiles,50 1 for distance and inter-
mediate vision and 1 for distance and near vision. Alió et
al51 found mean UDVA, UNVA, and UIVA of 0.18±0.13
logMAR, 0.26±0.15 logMAR, and 0.20±0.11 logMAR,
respectively, in 40 eyes of 20 patients with bilateral
cataracts. Monocular contrast sensitivity under scotopic
conditions was within the normal range for a population
older than 60 years. 

Accommodating IOLs

There are 2 designs of accommodating IOLs: a single
optic and a dual optic system. Single optic accommodative
IOLs alter the focal length of the IOL-eye optical system,
based on the anterior movement of the lens and changes
in lens architecture. The dual optic accommodating IOL is
designed based on the concept of not only axial move-
ment, but on modifying the power of the implant, which
changes in position. 

The Crystalens® accommodating IOL, a single-optic
lens, has hinges across the plate-like haptic that facilitate
anterior movement of the lens. Clinical outcomes of the
single optic lens have demonstrated that 88.4% of patients
have achieved ≥20/40 for distance, intermediate, and near
vision compared with 35.9% using the standard IOL.52 It
has been suggested that one mechanism to account for
the observed accommodation or pseudoaccommodation is
flexing of the optic itself, as is seen during accommodation
of the natural crystalline lens.53

A dual-optic accommodating IOL uses 1 lens each of
high and negative power, typically placed anteriorly and
posteriorly, respectively.54 An example is the Synchrony®

IOL (Figure 4), whose front (+32.0 D) and posterior (variable
negative power) optics are connected by spring haptics.
Clinical trials have demonstrated a mean accommodative
range of 3.22 ± 0.88 D.55 This lens requires a 3.7-mm inci-
sion that can induce postoperative astigmatism.

A few new accommodative implants are currently
under development. The FluidVision® lens relies on liquid
to make accommodative changes. By virtue of the natural
human physiological contraction and relaxation of the
ciliary muscle, the fluid internal to the implant allows

changes in shape like a pliable crystalline lens prior to the
onset of presbyopia. The implant is acrylic and is filled
with silicone oil. As the ciliary body muscle contracts and
relaxes, forces are conveyed through the zonules and the
capsule to the implant and the fluid in the haptics is
pushed into the optic causing the anterior curvature of the
optic to increase. A nonfoldable prototype of the lens was
implanted in 14 sighted eyes in 2010, and an average of 5
D of accommodative amplitude was documented.56

Another prototype implant, the electroactive Sapphire
AutoFocal®, is an electromechanical lens equipped with a
microscopic battery that stimulates shape change in the
optic upon sensation of accommodation.57 As the pupil
changes size and becomes smaller, the liquid crystals
inside the lens are stimulated by electromechanical
impulses, resulting in a change in the refractive lens to
provide 3 D of reading. This implant does not rely on the
muscles in the eye functioning and capsular bag contrac-
tion or hardening to be effective. 

Femtosecond laser photodisruption of the crystalline lens

Femtosecond laser technology is revolutionizing
ophthalmic surgery by its capability to provide ultrashort
laser pulses to a focal point without interacting with the
surrounding transparent ocular tissues or causing collat-
eral damage. This laser has the potential to treat the crys-
talline lens precisely and noninvasively, potentially
restoring elasticity to the lens (Figure 5). The idea of
enhancing accommodation with a femtosecond laser to
soften a hard nucleus was first introduced in 1998.58 The
cutting inside the lens could be achieved by photodisrup-
tion, whereby localized laser-induced plasma is formed,
followed by a shockwave and a cavitation bubble. The idea
was to increase the flexibility of the lens and hence restore
accommodative amplitude. A 2011 clinical study and 2-
year follow up showed <1.0 D of accommodation.59 This
minimal average change suggests that further investiga-
tion is required to determine the ideal laser spot pattern.
The outcomes of studies with refined algorithms are antic-
ipated in the near future. 
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Figure 4: Dual optic accommodation IOL: 2 implants
connected by spring haptics

Figure 5: Laser disruption of the crystalline lens.
A femtosecond laser is used to cut crystalline lens fibres to
enhance accommodation.



Lens refilling

As hypothesized by Kessler in 1964,60 an ideal option to
restore accommodation would be a lens refilling procedure
(Figure 6). An injectable material would replace the nucleus
and cortex of the crystalline lens in the presence of a func-
tioning ciliary muscle and capsular and zonular integrity.
This procedure would create an ametropic eye, result in
increasing accommodative amplitude and be viable for
several decades. The refilled capsule would have the poten-
tial to restore accommodation by mimicking the mechanical
properties of the youthful natural lens. Kessler’s exploratory
studies with beef lenses showed that the accommodative
amplitude decreases significantly with capsule fibrosis,
suggesting that capsule elasticity is critical in the accom-
modative mechanism.60 It also has been demonstrated that
the volume of the injected material is important to determine
the postoperative refraction.61 In vivo animal lens refilling
studies the development of capsular fibrosis was seen as a
major obstacle.62 Furthermore, success of surgical attempts
to eradicate regeneration of equatorial lens epithelial cells
was limited. Thus, lens refilling techniques are unproven to
date for the long-term restoration of accommodation. 

Summary

The prevention or reversal of hardening of the crys-
talline lens would be an ideal approach to maintain or
restore accommodation. Unfortunately, this is not a viable
therapeutic option at present. Many different surgical proce-
dures have been developed in recent years to improve near
vision. These procedures include surgery on the sclera, the
cornea, or the crystalline lens. The most common surgical
options include monovision LASIK, monovision lens
exchange, corneal inlays, presbyLASIK, and multifocal or
accommodative lens implants. All refractive and cataract
patients should understand the advantages and disadvan-
tages of the various presbyopic procedures. 

Dr. Stein is Medical Director of the Bochner Eye Institute,
Cornea and Refractive Surgery Specialist, Mount Sinai
Hospital, and Associate Professor, Department of
Ophthalmology and Vision Sciences, University of Toronto,
Ontario. Ms. Stein completed a BSc Honours (Medicine),
Bute Medical School, University of St. Andrews, Scotland,
United Kingdom, and is completing her medical degree at
the University of Manchester, United Kingdom.
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