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REVIEW ARTICLE

Accommodating Intraocular Lenses
Jay S. Pepose, MD, PhD,*† Joshua S. Burke, DO,* and Mujtaba A. Qazi, MD*†

Abstract: With an explosive increase in the worldwide prevalence of 
presbyopia, development of an accommodating intraocular lens (IOL) 
with expansive accommodative amplitude remains the holy grail in lens-
based refractive surgery. A dynamic change in the dioptric power of the 
eye can be accomplished by various strategies alone or in combination, 
including changes in the position, shape, or refractive index of a single- 
or dual- optic IOL. This article reviews the cumulative advances in these 
various lens designs, along with clinical outcomes and complications of 
those that have been implanted. The challenges that remain in each cat-
egory are also highlighted.
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(Asia-Pac J Ophthalmol 2017;6:350–357)

With the increase in the worldwide prevalence of presbyopia, 
especially among the advanced aging population of many 

developed nations,1 there is a concomitant increase in interest in 
the development of accommodating intraocular lenses (IOLs). 
With each decade of normal aging beginning in childhood, well 
before the manifestations of presbyopia present clinically in the 
mid-40s, there is progressive loss of elasticity of the crystalline 
lens and its capsule,2 lens thickening, narrowing of the ciliary ring, 
inward and anterior displacement of the ciliary muscle, and an in-
crease in connective tissue within the thickened ciliary body.3 After 
removal of the dysfunctional crystalline lens, the anterior chamber 
deepens and the ciliary body‒zonular‒capsular complex migrates 
backward toward its more youthful position. Studies relying on 3-
dimensional (3D) ultrasound biomicroscopy (UBM),4 high-reso-
lution magnetic resonance imaging,5 and high speed recording of 
IOL “wobbling” during binocular accommodation with and with-
out pharmacological cycloplegia6 all indicate that the ciliary body 
maintains its ability to respond to accommodating stimuli late into 
life. Thus, ciliary body contraction during accommodative effort 
along with resulting changes in vitreous–capsular pressure can, 
in theory, be an effective engine to drive changes in the position, 
shape, or refractive index of an accommodating IOL.

Definition of an accommoDating ioL
Increased depth of focus can be achieved by both  

pseudoaccommodating and accommodating mechanisms, alone 
or in combination. By definition, an accommodating IOL pro-
duces a dynamic increase in the dioptric power of the eye with 
accommodative effort. There are objective testing methods us-
ing devices, such as the Grand Seiko refractometer (Grand Seiko 
Co, Ltd, Hiroshima, Japan) and the i-Trace aberrometer (Tracey 
Technologies, Houston, TX), that can measure the accommoda-
tive change in defocus isolated from pseudoaccommodation.7 

Pseudoaccommodating mechanisms include miosis and induc-
tion of higher order aberrations that may also increase depth of 
focus. Subjective techniques, such as the push-up technique or 
defocus curves, measure the contribution of both accommodative 
and pseudoaccommodative components and thereby generally 
produce larger metrics than the objective measurements.8

accommoDating ioL Design strategies
In this article, a number of ingenious design strategies for 

accommodating IOLs are described. These lenses are at vari-
ous stages of development and commercialization. They are 
grouped below according to the presumed or purported underly-
ing mechanism(s) of action. 

Position-changing ioL Designs

 Single-Optic IOLs
Single-optic accommodating lenses were initially thought 

to provide improved near and intermediate vision in comparison 
with monofocal IOLs primarily by anterior axial movement of 
the lens optic. However, this mechanism would be impacted by 
contraction and fibrosis of the capsular bag restricting axial trans-
lation. Also, a comparable anterior axial movement would have a 
highly variable accommodative effect based upon on IOL power 
(ie, more effect with similar movement of higher IOL powers) 
and other aspects of biometry. Given the axial length (AL), posi-
tion of the IOL, and corneal curvature, a schematic model eye by 
Bennett and Rabbetts9 predicts that an average of 1-mm forward 
displacement of a 1-mm thick IOL would produce the following 
diopters (D) of accommodation per axial length: 0.8 D in a my-
ope (26.04 mm AL), 1.3 D in an emmetrope (24.09 mm AL), and  
1.85 D in a hyperope (22.04 mm AL). The amount of accommo-
dation produced by a 1-mm forward translation is also influenced 
by corneal curvature.10

A meta-analysis of studies of accommodating versus non-
accommodating monofocal IOLs supported greater (albeit very 
limited) anterior displacement of accommodating versus nonac-
commodating IOLs, with heterogeneity reported among differ-
ent studies using different testing methodology.11 Advances in 
high-frequency UBM and spectral domain optical coherence to-
mography (OCT) have brought into question the validity of axial 
position change as the singular reason for improved near and inter-
mediate vision with single-optic accommodating IOLs. Studies of  
volitional accommodation with Crystalens AT-45 (Bausch & 
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Lomb, Inc, Rochester, NY) using high-frequency UBM of cross-
sectional images measured in a supine position suggest that a 
mean of 0.33 mm (±0.25 mm) of forward movement may occur.12 
Other studies of patients with Crystalens AO using 3D spectral do-
main OCT demonstrated that the IOL did not shift systematically 
with accommodative effort, with 9 lenses moving forward (mean, 
0.28 mm) and 11 backward (mean, 0.09 mm).13 These measured 
axial displacements are far less than 1 mm and are not significant 
enough to account for even 1 D of accommodation of the IOL.

Crystalens
The Crystalens AO (Bausch & Lomb, Inc, Rochester, NY) 

is a biconvex hinged plate haptic IOL made out of a third gen-
eration silicone elastomer (biosil), which may function through 
changes in axial position and shape with accommodative effort. 
In 2003 the Crystalens AT-45 was the first accommodative IOL 
approved by the US Food and Drug Administration (FDA) after 
it achieved a statistically significant improvement in near vision 
as compared with a monofocal IOL control. Plus lenses were 
added in 0.25 D steps until the study participants reached the best 
vision possible at near. The mean add in the Crystalens group  
(n = 126) and standard IOL group (n = 64) was 1.24 D and 2.36 D,  
respectively: a difference of 1.12 D.14 The FDA labeled the IOL 
as “... intended to provide near, intermediate and distance vision 
without spectacles. The Crystalens IOL provides approximately 
one diopter of monocular accommodation.” It has been postulated 
that this improvement in near vision occurs when the ciliary mus-
cle contracts, resulting in increased positive vitreous pressure and 
consequent forward movement of the IOL, but as summarized 
above, studies have not consistently demonstrated sufficient ante-
rior axial movement to account for the labeling of approximately 
1 D of accommodation. 

Further studies have examined the contribution of pseudoac-
commodating mechanisms, such as the induction of higher order 
aberrations, lens tilt, and miosis, and their role in the achievement 
of better near vision in some single-optic IOLs. Small changes 
in defocus were reported by Dick and Kaiser15 using a dynamic 
wavefront aberrometer in patients with Crystalens AT-45 and 
1CU (HumanOptics AG, Erlangen, Germany). A study by Perez- 
Merino16 and colleagues using laser ray tracing aberrometry 
found an overall change in accommodation with Crystalens was 
no greater than 0.4 D in any patient. However, several subjects 
implanted with a Crystalens, in contrast to a monofocal IOL, 
showed changes in astigmatism, spherical aberration, trefoil, 
and coma with accommodative effort, reflecting geometrical and 
alignment changes in the IOL that can increase depth of focus via 
pseudoaccommodative mechanisms. 

The FDA now has new stricter requirements for objective 
evidence of accommodation for granting classification as an ac-
commodating IOL. This is reflected in the labeling of the Trulign 
toric IOL (Trulign; Bausch & Lomb, Inc, Rochester, NY). The 
Trulign IOL is based on the parent Crystalens platform; however, 
the directions for use indicate “for primary implantation in the 
capsular bag of the eye for the visual correction of aphakia and 
postoperative refractive astigmatism secondary to removal of 
a cataractous lens in adult patients with or without presbyopia 
who desire a reduction of residual refractive cylinder with in-
creased spectacle independence and improved uncorrected near,  
intermediate, and distance vision,” thereby acknowledging the 
improvement in near and intermediate vision but now requiring  

more objective evidence before granting the accommodation 
claim that had been given to the parent IOL—Crystalens—in 
2003 before a requirement for objective evidence of accommoda-
tion had been specified.

Capsular Contraction Syndrome
A risk uniquely associated with the Crystalens IOL and its 

hinged plate haptic design is Z-syndrome. This occurs when 
asymmetric capsular contraction forces result in 1 plate haptic 
vaulted anteriorly and the other haptic posteriorly. The oblique 
displacement of the lens optic results in astigmatism along the 
long axis of the IOL. 

Techniques to mitigate the risk of Z-syndrome include both 
intra- and postoperative procedures. Intraoperative procedures for 
implanting the Crystalens IOL begin with forming a water-tight 
wound followed by creation of a uniformly round, central capsu-
lorhexis with good anterior capsule coverage of the plate haptics. 
This is followed by polishing of the undersurface of the anterior 
capsule leaflets, meticulous cortical material removal, rotation of 
the IOL vaulted posteriorly along the posterior capsule, and defer-
ring Crystalens implantation in the presence of a capsular tear or 
zonular rupture. 

Postoperative measures to obviate or treat mild forms of Z-
syndrome include early recognition and treatment of capsular fi-
brosis or striae using a Nd:YAG laser. Intraoperative procedures 
are necessary in the setting of more pronounced Z-syndromes, 
with repositioning of the IOL plus insertion of a capsular tension 
ring or IOL exchange in eyes with moderate and severe forms, 
respectively.17

Tetraflex
The Tetraflex model KH-3500 (Lenstec, Inc, St Petersburg, 

FL) is a single-piece IOL made of hydroxyethylmethacrylate 
(HEMA, 26% water content) and is described as having flex-
ible 5-degree angulated closed-loop haptics that allow the IOL 
to move within the capsular bag.18 The configuration of the Crys-
talens IOL differs from that of the Tetraflex IOL in that there are 
grooves next to the optic that act as hinges in the former.19  

A prospective study of 95 eyes of 59 patients implanted with 
the Tetraflex IOL and followed up to 6 months was performed 
by Sanders and Sanders.18 Best-corrected distance visual acuity 
(BCDVA) and distance-corrected near visual acuity (DCNVA) 
were determined and accommodative amplitude was measured 
using a Royal Air Force rule using the push-up method. At  
6 months, 63% achieved DCNVA of 20/40 or better and 100% 
measured at least 1 D of accommodative amplitude. 

Wolffsohn and colleagues19 examined the mechanism of ac-
tion of the Tetraflex IOL implanted in 13 eyes for at least 2 years. 
Measures of amplitude of accommodation by autorefraction, 
anterior chamber and pupil size dimensions taken using OCT, 
and IOL flexure with aberrometry were noted. Of interest, it was 
noted that the pupil size decreased with accommodative demand 
by 0.62 ± 0.41 mm, whereas the IOL remained in a fixed posi-
tion within the capsular bag. Aberrations (ie, defocus, astigma-
tism coma, and trefoil) were present during accommodation but 
were not consistently represented across all eyes studied with the 
implanted IOL. The authors concluded that the near vision benefit 
over time was likely secondary to the induction of higher order 
aberrations and not axial movement of the IOL. 

Of note, Kramer et al20 reported a case of a Tetraflex IOL 
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in which the capsular bag developed phimosis with subsequent 
anterior flexing of the lens haptics. The in-the-bag subluxation 
was remedied 7 years later with explantation of the IOL‒capsular 
bag complex.

 
1CU Accommodating IOL

The 1CU (Human Optics AG, Erlangen, Germany) is a 
single-piece acrylic IOL with biconvex square-edge optics and 
4 flexible haptics that bend when constricted, allowing forward 
movement of the optic. A 4-year study of 12 eyes implanted with 
the 1CU IOL measured [logarithm of the minimum angle of reso-
lution (logMAR)] uncorrected and corrected distance visual acu-
ities (UDVA, CDVA) and uncorrected, distance-corrected, and 
corrected near visual acuities (UNVA, DCNVA, CNVA).21 Sub-
jective accommodative amplitude was measured using a dioptric 
accommodator and objective accommodation was determined 
with an AA-1 accommodation analyzer. Uncorrected distance 
visual acuity improved statistically from 0.18 ± 0.28 to 0.00 ± 
0.10 at 1 month and year 4, respectively. All other visual acuity 
measurements did not demonstrate a statistical change over the 
same time period. These stable corrected and uncorrected visual 
acuity findings are comparable with prior studies involving the 
1CU IOL.22,23 The mean amplitude of subjective accommodation 
was 2.25 D at 1 month and 1.36 D at 4 years. Another study found 
the mean accommodation of the IOL to be 1.90 D at 6 months, 
declining to 0.30 D at 12 months.24 The objective accommodative 
amplitude at year 4 was 0.68 ± 0.49 D, which is in line with other 
study findings.23,25 

In a prospective double-masked trial comparing the 1CU 
IOL to a multifocal and monofocal IOL, Harman et al26 found 
that the subjective mean difference in accommodative amplitude 
at 18 months was 0.46 D when comparing the 1CU with a mono-
focal control. The mean difference in accommodative amplitude 
was 0.32 D when using defocus spheres. LogMAR UNVA and 
DCNVA at 18 months were 0.53 ± 0.13 and 0.57 ± 0.12 for the 
1CU IOL and 0.64 ± 0.12 and 0.69 ± 0.12, respectively, for the 
monofocal control. These findings bring into question whether 
there is a true accommodative mechanism for the action of this 
IOL versus the influence of pseudoaccomodative mechanisms. 

Dual-optic accommodating ioLs

 Synchrony Accommodating IOL
The Synchrony accommodating IOL (Abbott Medical Optics 

Inc, Santa Ana, CA) is a single-piece silicone IOL with a 5.5-mm  
biconvex anterior optic of high plus power (approximately  
+32 D) that is connected via 4 spring haptics to a 6-mm negative 
meniscus concave posterior optic that has a lower minus power 
determined by the intended overall IOL power (Fig. 1). When the 
IOL is implanted in the capsular bag using a preloaded injector, it 
is compressed due to capsular tension with a minimal distance be-
tween the 2 components, functionally achieving emmetropia over 
the first few months, with most patients having a low myopic out-
come initially. During accommodation, the zonules relax and the 
capsular tension is released, leading to expansion of the capsular 
bag. Due to release of stored kinetic energy in the spring-loaded 
haptics, there is forward axial displacement of the anterior optic 
and a dynamic increase in dioptric power of the IOL.27‒29  

The Synchrony Vu IOL (Abbott Medical Optics Inc, Santa 
Ana, CA) is the latest generation that attempts to simulate some 

aspects of the optical power of a natural lens during accommoda-
tion, including an increase in negative spherical aberration.30 This 
is achieved with an aspheric design with a central zone of nega-
tive spherical aberration smoothing into a spherical periphery.27 
Miosis, during accommmodative effort, selects the central zone 
of increased negative spherical aberration inherent in the central 
portion of the optic, thereby further enhancing depth of focus in 
addition to the increase in dioptric power associated with anterior 
axial movement of the anterior optic during accommodation. In a 
prospective, multicenter clinical trial of 74 consecutive patients 
bilaterally implanted with the Synchrony VU IOL, mean best dis-
tance-corrected binocular intermediate vision at 80 cm was 20/20 
and mean best distance-corrected binocular near vision was 20/27. 
Mesopic contrast sensitivity was within normal limits at all spatial 
frequencies tested. At 6 months postoperatively, 70% reported that 
they were spectacle free and 70% reported no dysphotopsias.27

As this IOL fills the capsular bag with dual-optic design and 
separates the anterior and posterior capsular leaflets, there may be a 
lower associated incidence of posterior capsular fibrosis, although 
it has been reported. Care must be given to deliver a Nd:YAG  
capsulotomy using low energy, as the stored kinetic energy in the 
spring haptics can rapidly expand the capsulotomy. In one study 
comparing capsular fibrosis at 3 months postoperatively, the rate 
of capsular fibrosis was 40.7% in patients implanted with Crystal-
ens HD versus 11.5% in patients implanted with Synchrony and 
the rate of Nd:YAG capsulotomy at that time interval was 18.5% 

figure 1. The Synchrony dual-optic accommodating IOL (A) is self-
loaded in an injector (B) and has a +32 D moving front optic and a 
negative power posterior IOL individualized to the biometry of the eye. 
With accommodative effort, zonular relaxation releases strain energy 
stored in the spring haptics, resulting in forward translation of the front 
optic and a dynamic increase in dioptric power.

a 

B 
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figure 2. The Lumina is a sulcus plane IOL that consists of 2 optical 
elements, each having an elastic loop with a spring function and 
nonelastic connections to the main body of the lens. The fixed power 
is distributed over the 2 aspheric optical elements, with the anterior 
element providing 5.0 D and the posterior element 10–25 D, depending 
on the required correction of the eye. The variable optical power 
results from 2 mutually shifted internal aspheric cubic surfaces whose 
power increases linearly with the centripetal shift.

with Crystalens HD versus 7.9% with Synchrony.31 
In a study using a dynamic stimulation aberrometry device, 

with monofocal IOLs (eg, MA60AC, Alcon), there was no mea-
sured accommodation and with the dual-optic accommodating 
IOL, there was a low level of accommodation of approximately 1 D  
measured objectively up to 4 years postoperatively.32 In a compar-
ative prospective nonrandomized clinical study of 27 eyes with 
implanted Crystalens HD and 26 eyes with Synchrony IOLs, Alió 
and colleagues31 found that there was not a statistically measur-
able difference in intermediate or near visual outcomes between 
the single- and dual-optic IOLs at 6 months. Of note, defocus 
curves demonstrated better measurements at −3.00 D and −3.50 D  
with the dual-optic IOL.31 Other studies have shown that reading 
speed, reading acuity, and critical reading print size improved in 
patients implanted with the Synchrony IOL tested at 2-year fol-
low-up versus 1 year.33 

Lumina Lens
The Lumina lens (AkkoLens International BV, Breda, The 

Netherlands) is a continuous variable focus IOL placed anterior 
to the capsular bag at the sulcus plane. It comprises 2 partially 
overlapping optics that are compressed and move centripetally in 
opposite directions (Fig. 2). The change in focus is accomplished 
by movement of both an anterior spherical lens (for refractive 
power) with cubic surface (for varifocal effect) and a posterior 
lens optic with cubic surface only. The focal length of the IOL 
lens changes when the superimposed refractive elements shift in 
opposite directions in a plane perpendicular to the optical axis. 
The ciliary muscle drives the change in focus by a natural process 
of contraction and relaxation.34 

A prospective, consecutive, comparative, randomized clini-
cal trial of 61 eyes implanted with Lumina and 25 eyes with a 
standard spherical monofocal IOL (AcrySof SA60AT; Alcon, Fort 
Worth, TX) showed a statistically significant difference in both un-
corrected and distance corrected near vision between the groups, 
which for the Lumina was 0.11 ± 0.12 LogRAD (reading acu-
ity determination) versus 0.41 ± 0.15 LogRAD for the monofocal  

control. Improved near vision was demonstrated over a defocus 
curve between −4.5 and −0.5 D. There was no reduction in contrast 
sensitivity compared with the control group. Subjective accommo-
dation was demonstrated from defocus curves and a lower amount 
of objective accommodation measured using an open-field autore-
fractor, which showed a mean of 1.27 D for the Lumina group 
compared with a mean of 0.07 D for the monofocal control.35 In 
patients who developed posterior capusular opacification, visual 
acuity and accommodation were quickly restored by Nd:YAG la-
ser capsulotomy. The placement of the IOL anterior to the capsu-
lar bag obviated the effects of capsular fibrosis, contraction, and 
loss of elasticity, which have limited the through-focus effect of 
some other in-the-bag accommodating IOL designs and, in some 
cases, led to complications of lens flexing or subluxation.17,20 

shape-changing accommodating ioL Designs
As is true with the youthful crystalline lens, changes in lens 

curvature can result in profound dynamic changes in dioptric 
power associated with very small physical changes in the lens.36 
A number of accommodating IOLs have incorporated this shape-
changing principle into their mechanism of action and they are 
described below.

 NuLens
The NuLens is based on the accommodative system of water-

fowl, which require large amounts of accommodation to keep tar-
gets in focus during aerial to underwater dives. They push the cen-
ter part of the crystalline lens though a stiff, muscular iris creating 
a bulge that represents an enormous increase in anterior lens radi-
us of curvature, resulting in 50 to 70 D of accommodation.37 The 
NuLens is fixated in the ciliary sulcus and the ciliary processes‒ 
zonular‒lens capsular diaphragm acts as a unit to compress a sili-
cone gel via a piston through a hole in a rigid polymethymethac-
rylate component of the IOL. In this configuration, this accom-
plishes reverse accommodation, as the dioptric power of the eye 
would be increased during disaccommodation and lessened dur-
ing accommodative effort.38

There have not been any published reports of clinical data 
since 2009 with this lens design. Alió and colleagues39 reported 
on the 1-year results of monocular implantation of 10 eyes of 
10 patients with cataract and age-related macular degeneration. 
Corrected near vision improved slightly (0.7 Jaeger lines). Lens 
function was demonstrated by ultrasound biomicroscopy, which 
showed a change in cross section before and after pilocarpine that 
diminished over time. An improvement of approximately 3 lines 
of near vision was demonstrated in these partially sighted subjects. 
There was significant loss of corneal endothelia during the first 3 
months, averaging 27%, and 60% of patients developed posterior 
capsular fibrosis, requiring Nd:YAG laser capsulotomy.39

Wichterle Intraocular Lens-Continuous Focus 
The Wichterle Intraocular Lens-Continuous Focus (WIOL-

CF; Medicem, Kamenné Zehrovice, Czech Republic) has been 
referred to as a bioanalog product, in that it was developed by 
Professor Otto Wichterle in an effort to mimic features of the 
structure and design of the youthful crystalline lens. Both the  
hydrogel material and haptic-less, full-optic design of the IOL 
are unique. Wichterle was a Czech chemist who synthesized  
poly(2-hydroxyethyl methacrylate) (pHEMA), which led to the 
development of the first soft contact lens. This foldable, ultraviolet 
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light‒blocking WIOL-CF is made of a biocompatible, high water 
content (42%) pHEMA co-polymer hydogel of low reflectivity, 
with a negatively charged spin cast smooth surface that limits ad-
hesion of fibroblasts. The full-optic lens diameter is between 8.75 
and 9 mm, with a square-edge design to further limit migration of 
transformed lens epithelia, and an 8-mm optical zone that largely 
fills the capsular bag, preventing fusion of the anterior and pos-
terior capsule. The negatively charged carboxylate groups render 
the IOL resistant to surface deposits or calcification. 

The lens has a meniscoid anterior surface and a polyfocal 
hyperbolic posterior surface that creates a refractive gradient with 
increasing power toward the center of the IOL, which is further 
enhanced with pupil constriction during accommodative effort 
(Fig. 3A). In addition to the seamless parafocal optics with no 
diffractive or refractive zones, it is hypothesized that increased 
vitreous pressure resulting from accommodation-related changes 
in ciliary body shape and position along with extraocular muscle 
forces during associated convergence would result in a shape 
change and deformation of the optic and possibly some anterior 
axial shift, combining accommodative and pseudoaccommoda-
tive mechanisms to enhance near focus (Fig. 3B). There has not 
yet been published confirmation using objective metrics to sup-
port the accommodative component of the mechanism of action.

A prospective case series of 50 eyes of 25 patients bilaterally 
implanted showed uncorrected intermediate and near vision of 
20/25 or better in 72%, but data were not presented for distance-
corrected near. The mean postoperative spherical equivalent re-
fraction was −0.24 ± 0.65 D (range, −1 to +1 D).40

FluidVision Accommodating IOL
The FluidVision accommodating IOL (PowerVision, Inc, 

Belmont, CA) is composed of a hollow fluid-filled hydrophobic 
acrylic optic suspended within oversized hollow fluid-filled hap-
tics. The fluid in the 6-mm optic and haptics is a drop of index-
matched silicone oil that flows back and forth via a 2-way pump 
between the haptics and optic to change the curvature, and hence 
the power of the optic (Fig. 4A). The fluid dynamics within the 
IOL are very sensitive to the forces within the capsule, which 
constricts during accommodative effort, thereby driving fluid 
from the haptics to the optic and in the opposite direction during 
disaccommodation. The IOL is aspheric and maintains asphericity 
throughout accommodation. The relatively large haptic elements 
of the FluidVision IOL keep the anterior and posterior capsules 

figure 3. A, The WIOL-CF has parabolic optics that extend depth of field. This phenomenon is further accentuated by miosis. B, In addition, it has 
been postulated that there may be an additional mechanism leading to a change in focus via a conformational shape change in response to ciliary body 
contraction.

figure 4. A, The FluidVision accommodating IOL is composed of an 
acrylic hydrophobic shell filled with around 30 µL of silicone oil, which 
is translated between the haptic and the optic, thereby creating a 
change in the shape of the IOL and a seamless change in vision from 
near to far. B, An illustration of the FluidVision IOL within the capsular 
bag, maintaining distance between the anterior and posterior capsule.

a B 

apart (Fig. 4B), which may reduce the incidence of posterior cap-
sular fibrosis.41 The lens is inserted into the capsular bag using an 
injector system through a 3.5-mm sutureless incision.

The fifth generation of the FluidVision accommodating IOL 
has recently entered clinical trials, with design changes intended 
to further enhance accommodative performance and to facilitate 
IOL delivery. This latest iteration will come in 2 sizes, with power 
ranges created by varying the silicone fluid-filled volume. The 
fourth generation device has been implanted in 26 patients at a 
single site, 8 of which had the second eye implanted 18 months 
later. A multicenter study was also conducted enrolling 67 pa-
tients monocularly implanted via a 4-mm incision and then 50 
patients monocularly implanted using a new injector system 
through a 3.5-mm incision. Excellent corrected distance vision of 
around logMAR 0.00 (20/20) was achieved across studies, with 
stable distance-corrected intermediate vision beyond 24 months 
averaging around logMAR 0.2 (20/32) and distance-corrected 
near averaging around logMAR 0.3 (20/40). Monocular sub-
jective amplitude of accommodation was over 3 D across stud-
ies and 4 D binocularly by defocus. Objective measurement of  
accommodation with a 2.5 D stimulus in 3 patients ranged be-
tween 1.81 D and 2.17 D. 

Juvene Accommodating IOL
The Juvene accommodating IOL (LensGen, Irvine, CA) is 

a shape-changing, fluid, 2-component IOL that is designed to  

a B 
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produce seamless accommodation while addressing a number of 
associated technological challenges, such as accomplishing small 
incision surgery and consistently achieving emmetropia and a full 
range of accommodation. 

The lens design consists of a modular system (Figs. 5A, B). 
The fixed lens has a 360-degree haptic and a base optic, the lat-
ter similar to an aspheric monofocal or toric aspheric monofocal 
IOL. This foldable lens is injected into the capsular bag through 
an incision no greater than 3.2 mm and largely fills the entire 
volume of the capsule. A second fluid-based shape-changing lens 
is inserted into the fixed lens and held securely in place by 3 tabs. 
This fluid lens has a flexible anterior surface that changes cur-
vature on demand directly without a fluid pump in response to 
capsular forces during accommodation. 

The design of the modular system lends itself to small incision 
surgery. Additionally, filling the entire volume of the capsular bag 
may lead to a better approximation of the estimated lens position 
and toric rotational stability, while separating the capsular leaflets 
to limit the incidence of posterior capsular fibrosis (Fig. 5C). These 
goals will need to be substantiated in clinical studies, with Euro-
pean clinical trials anticipated to be initiated in 2018. A pilot study 
in 6 subjects with preoperative BCDVA of 20/40 or worse showed 
all achieved best-corrected vision of 20/25 or better and a mean 
objective accommodation of 1.2 D (range, 0.7 to 1.38 D).

Lens-filling accommodating ioL techniques    
The concept of endocapsular surgery followed by filling the 

capsular bag with a soft gel or polymer that would allow accom-
modative shape changes has been the subject of intense inves-
tigation for years. Studies date back to the pioneering work of 
Kessler42 in 1964, and the approach has been referred to by some 
researchers as Phaco-Ersatz.43 The most significant challenges 
to this concept are the high incidence of capsular opacification, 

figure 5. A, The Juvene IOL has a fixed component to treat refractive 
errors and a fluid-filled lens (B) to treat presbyopia. C, The shape 
is designed to fill the natural shape and volume of the capsule, in 
an effort to establish a stable lens position postoperatively and to 
minimize posterior capsular fibrosis.

figure 6. Studies by Nishi and coworkers of capsular bag refilling using 
an injectable silicone polymer have sought to overcome problems with 
polymer leakage and posterior capsular opacification.

a B 
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leakage of the polymer during or after the procedure, a means to 
adjust the volume of the injected material, a method to remove 
the material after polymerization (if needed), and a polymer with 
viscoelastic qualities amenable to deformation that would pro-
duce a high-quality retinal image throughout accommodation and 
disaccommodation.

Perhaps the most significant recent advances in the treatment 
of presbyopia via lens-filling surgery have been made by Nishi et 
al.44 They address 2 of the main obstacles previously limiting the 
success of this procedure: capsular opacification and leakage of 
the injected silicone polymer. After standard phacoemulsification 
through a 3.5- to 4-mm capsulorhexis, a small posterior continu-
ous curvilinear capsulorhexis is performed. As shown in Figure 
6, a foldable disc-shaped silicone IOL with sharp edges is placed 
posteriorly in the capsular bag. Then, an anterior foldable accom-
modating lens that serves as both a lens optic and plug is injected 
anteriorly in the bag in a piggyback fashion. This anterior lens 
has both a positioning pocket near the edge of the optic and an 
injection hole within the haptic’s rim. Using a Sinskey hook, the 
anterior optic can be displaced such that the injection hole comes 
close to the edge of the continuous curvilinear capsulorhexis. 
This allows the injection of a silicone polymer that polymerizes 
in approximately 2 hours. Although questions remain regarding 
this technique, Nishi and colleagues have shown proof of prin-
ciple of an accommodating lens-filling method and the potential 
for future clinical application.

Using this technique in a group of pre-presbyopic primates 
reveals both the promise and current limitations to the methodol-
ogy.45 In a small group of young macaque monkeys, an average 
of 2.5 D of accommodative amplitude was achieved at 4 weeks 
postoperatively independent of the degree of bag fill, slightly less 
than in some previous studies with rhesus monkeys.46 However, 
this is substantially less than the preoperative accommodative 
amplitude in these young monkeys. This could reflect the inabil-
ity of the anterior lens optic to sufficiently change curvature, the 
overall limitation of the thick silicone-filled bag to deform, or 
the lack of adhesion of the silicone polymer to the lens capsule. 
In addition, whereas the posterior circular capsulorrhexis may  
obviate opacification along the visual axis, remaining peripheral 
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lens epithelia and wound healing may still lessen the elasticity of 
the capsular bag. In summary, while there have been many strides 
toward Phaco-Ersatz, a number of significant challenges (includ-
ing achieving emmetropia) still remain before human clinical 
studies can be contemplated.

refractive index–modulating accommodating 
ioL Designs

LiquiLens
The LiquiLens (Vision Solutions Technologies, Inc, Rock-

ville, MD) is an IOL with an optic containing 2 immiscible solu-
tions of differing refractive index. When the patient is looking 
upright (Fig. 7A), they see through the lower fluid, but with down-
gaze at a 60- to 70-degree angle to read, the interplay with the 2 
fluids introduces a composite index of refraction, thereby creat-
ing near vision (Fig. 7B). The current design, which is driven by 
gravity, serves as a bifocal without much intermediate vision and 
may initially be targeting patients with macular degeneration.

electroadaptive accommodating ioLs 
The invention of a switchable liquid-crystal diffractive lens 

that can adaptively change its focusing power47 provided the ba-
sis for the development of an electroactive accommodating IOL 
(Elenza Inc, Roanoke, VA). The IOL’s operation is based on elec-
trical control of the refractive index of a nematic liquid crystal 
sandwiched between a circular array of photolithographically de-
fined transparent electrodes. It operates with high transmission, 
low voltage, fast response, high-diffraction efficiency, and a power  
failure‒safe configuration. The components of this hydrophobic 
IOL with hermetically sealed circuitry include a monofocal static 
IOL that has an aspheric central optic for far and intermediate 
vision. An additional smart diffractive liquid crystal is electro-
activated for near vision. Microsensors detect physiological 
changes in light triggered by accommodative effort, and on-board 
processors and algorithms control the power sequence. Lithium 
ion power cells (with rechargeable life of at least 50 years) are 
charged weekly by an inductive charging element. Microsensors 
detect the difference in illumination via miosis and utilize dual 
application-specific integrated circuits. This novel IOL may offer 
the advantage of providing accommodation without movement 

figure 7. A, The Liquilens is a gravity-dependent IOL with 2 immiscible fluids of different refractive index. B, Interplay of these fluids on downgaze 
alters the refractive index through the line of sight.
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and in that respect may be more independent of capsular contrac-
tion and fibrosis than lenses that rely on axial displacement or 
some other mechanisms of action. 

Other electroactive accommodative IOLs have been pro-
posed that incorporate pressure transducers to detect movement 
of the ciliary muscle or an electric field in the ciliary muscle (ie, 
electromyography sensor) and in response regulate the electric 
field and thereby adjust the refractive index of the lens optic.48,49 
In addition, alternative power sources for electroactive accom-
modating IOLs have been proposed.50 

concLusions
Progress has been made on a number of accommodating IOL 

designs, which are in varying stages of development and com-
mercial use. These lenses use different strategies to accomplish 
dynamic changes in through focus. In this article, we have re-
viewed the pertinent clinical data and discussed limitations and 
challenges that exist for each lens design. The optimal accommo-
dating IOL with a broad range of accommodative amplitude still 
remains elusive, but iterative steps have been taken to accomplish 
this important goal.
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