Where are new lens designs headed in 2015 and beyond?
BY RICHARD PACKARD, MD, DO, FRCS, FRCOphth

As the battle rages between proponents
of laser-assisted cataract surgery and those
who think this is an expensive fad with little
to no advantage for our patients, IOL technologies continue to advance. Although the
majority of IOLs implanted worldwide are
still monofocal lenses, there are interesting
developments under way, particularly in IOL
technologies that are postoperatively adjustable, allowing
surgeons to change IOL power after implantation.
The idea of being able to correct the spherical and cylindrical power of an IOL after implantation has been with us
for some years, and the Light Adjustable Lens (LAL; Calhoun
Vision) is available commercially outside the United States
already. However, a number of other approaches to postoperative adjustment are being investigated, ranging from use of
magnets to femtosecond lasers to multicomponent IOLs. Let
us look at some of these exciting developments, which are also
described in further detail in the subsequent five articles in this
cover focus.
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MODIFIABLE IOL s : A SOLUTION FOR
POSTOPERATIVE REFRACTIVE ERRORS
Even with improvements in our ability to measure axial
length and corneal power with modern IOL power calculation
formulas, refractive errors still occur postoperatively. There
have been studies in the past in which only 45% of patients
were within ±0.50 D of the expected refractive outcome.1
Although postoperative outcomes are improving, one of the
commonest reasons for IOL exchange is still postoperative
refractive error.2 In order to deal with this problem, there have
been various attempts to produce adjustable IOLs, and these
fall into seven categories.
Light adjustment. As already mentioned, a light-adjustable
IOL technology has been available for several years; however,
some concerns have presented hurdles to widespread adoption,
including the need for UV protection between implantation
and the lock-in procedure. Improvements to the LAL design
have been made to address this drawback (see LAL Timeline,
pg 50). One change is that the adjustable part of the optic will
now be a 100-μm posterior layer. The aim of this and other
changes was to decrease the number of postoperative adjustment procedures needed and alleviate the necessity for UV protection. Published results to date are impressive, with achieved
correction of up to 2.25 D of sphere and 2.75 D of cylinder.3

Multicomponent adjustment. Although the idea of a multicomponent IOL has been proposed for nearly 20 years, Infinite
Vision Optics now has developed a hydrophilic acrylic foldable
dual IOL system, the Precisight, consisting of a plate-haptic base
that provides only spherical correction coupled with an anterior
lens that provides spherical, cylindrical, and multifocal correction as required. The front component, which fits into slots
etched in the base lens, can be changed as needed in a second
procedure. The Precisight IOL has been implanted in humans
in small numbers,4,5 but the IOL’s biocompatibility, efficacy, and
reversibility need further work.
Clarvista Medical also has developed a multicomponent
device, the Harmoni lens. Like the Precisight, this IOL also
consists of a base and a separate optic (spherical, multifocal, or
toric), both made of a hydrophobic acrylic material. The lens is
intended for capsular bag implantation. A clinical trial is under
way; no data are yet available.
Mechanical adjustment. Another approach to postoperative IOL power adjustment is a mechanically adjustable IOL.
The Acri.Tec AR1 has been implanted in animals and humans.
The device consists of a 5.5-mm PMMA optic with two 1-mm
cylinders attached at the optic-haptic junction (Figure 1).6
When activated by an instrument that is passed from outside
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Figure 1. Power adjustment with the Acri.Tec AR1 is achieved
by the piston (attached to the haptic) moving relative to the
cylinder (attached to the optic).
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Figure 2. Schematic of the liquid crystal IOL (A). Image of the liquid crystal IOL and the outer surface of the lens (B).

the eye, the optic can move along the optical axis, giving up
to 2.50 D of adjustment. This technology has been stable over
a median 18-month follow-up, albeit with higher need for
Nd:YAG laser capsulotomy than controls.7
Magnetic adjustment. A lens that started out requiring
manual rotation of the optic to change lens power now has
a rare earth magnet incorporated into its base unit and optic.
Studies are currently under way to assess leaching and toxicity
before any human trial is considered.8
Liquid crystal optic. A new type of lens optic material,
liquid crystal, is also being investigated as a means to achieve
postoperative power adjustments. Theoretically, the liquid
crystal optic would be adjusted wirelessly to create an adaptive lens technology that could provide up to 3.00 D of
accommodative amplitude. The challenge will be to find a
biocompatible liquid crystal and isolate the receiving antenna
and rectifier (Figure 2). There is currently one company with a
prototype autofocal accommodating IOL (Sapphire AutoFocal
IOL; Elenza). If successfully developed, this IOL would be capable of monitoring the patient’s pupillary dynamics associated
with accommodation.9
Laser adjustment. Alcon and Perfect Lens are investigating
femtosecond laser adjustments of lens power and toricity.10-12
Both companies are working to incorporate thin layers of
shape-altering material into their lens optics. When activated by
femtosecond laser pulses, these materials would change shape
and cause the optic to change power. The treatment time is
estimated to be between 20 and 60 seconds.13
Chemical adjustment. The last type of modifiable IOL currently under investigation would achieve power adjustment by
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embedding photoactive derivatized coumarins into the lens
optic. When exposed to two photons of either identical or
different frequencies, the refractive index, and, thus, the focusing power of the lens, could be altered for spherical and toric
correction. Because these changes would be immediate, they
could easily be fine-tuned. Unlike the LAL, natural sunlight and
UV light should have no effect on this material.14,15
CONCLUSION
With more cataract surgery patients than ever before
expecting perfect vision after lens implantation, the desire for
modifiable IOL technologies is gaining momentum. Also adding to the appeal of this kind of lens is the increasing number
of patients who have undergone laser refractive surgery, as
they are more inclined to encounter postoperative refractive
surprises after cataract surgery.

AT A GLANCE
• Several new IOL technologies may allow one to correct
the spherical and cylindrical power of an IOL after
implantation.
• Although standard monofocal IOLs and multifocal and
accommodating IOLs will continue to dominate the
market share in the next few years, modifiable IOLs are
expected to take center stage over time.

Although standard monofocal IOLs and multifocal and
accommodating IOLs will continue to dominate the market
share in the next few years, we can expect modifiable IOLs to
take center stage over time, as means for surgeons to adjust
IOL power after implantation and for patients to achieve
emmetropia. n
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With more cataract surgery patients than
ever before expecting perfect vision after lens
implantation, the desire for modifiable IOL
technologies is gaining momentum.
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