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Optimizing outcomes with multifocal intraocular lenses

Gitansha Shreyas Sachdev, Mahipal Sachdev’

Modern day cataract surgery is evolving from a visual restorative to a refractive procedure. The advent
of multifocal intraocular lenses (MFIOLs) allows greater spectacle independence and increased quality of
life postoperatively. Since the inception in 1980s, MFIOLs have undergone various technical advancements
including trifocal and extended depth of vision implants more recently. A thorough preoperative |DOI:
workup including the patients’ visual needs and inherent ocular anatomy allows us to achieve superior
outcomes. This review offers a comprehensive overview of the various types of MFIOLs and principles of
optimizing outcomes through a comprehensive preoperative screening and management of postoperative

complications.
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Cataract surgery today is fast evolving into a refractive procedure,
with a transition in the postoperative goal from visual restoration
to emmetropia. Parallel to the improvements in instrumentation
and techniques of cataract removal, the intraocular lenses
have undergone various developments. Multifocal intraocular
lens (MFIOL) implants afford postoperative spectacle-free vision
for both distance and near.

The review article provides a comprehensive overview of the
various types of multifocal intraocular implants, preoperative
evaluation and planning to enhance surgical outcomes,
visual results thus far and postoperative complications and
management of dissatisfied patients.

The literature search was performed in MEDLINE using
“multifocal intraocular lenses,” “diffractive multifocal
lenses,” “refractive multifocal lenses,” “cataract surgery,”
and “presbyopia-correcting intraocular lenses” as keywords.
The relevant references cited in the articles were searched
additionally. For references frequently cited in the manuscript
files, the earliest reference was chosen for citation.

”ou

Types of Multifocal Intraocular Lenses

Accommodation, a property of the young crystalline lens
allows focus for both distance and near vision. This is generally
lost as the person ages or following cataract surgery wherein
the natural lens is replaced with a monofocal intraocular lens.
Presbyopia-correcting intraocular lenses (IOLs) including
MFIOLs provide spectacle independence for both near and
distance vision.
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Three general optic principles have been applied to provide
multifocality in the present day IOLs: multizonal refractive,
diffractive, and extended range of vision (EROV) designs.

Refractive IOLs use concentric or annular ring-shaped
zones of varying dioptric powers. With changes in the pupil
diameter in response to illumination and accommodation, the
number of zones in use vary redistributing the proportion of
light directed for distance and near. Hence, the image quality
and energy balance is pupil dependent.!?!

Diffractive IOLs are engineered with microscopic steps
of a specific phase delay, usually half a wavelength:
Huygens—Fresnel principle. Light encountering these steps is
directed equally between distant and near focal points for all
pupil diameters. A portion of the light energy of around 18%
is directed into higher diffraction orders, with the remaining
distributed equally for distance and near, i.e., 41% each.

The principle of apodisation was based on the greater need
for distance vision in conditions of dim illumination (when
pupils are large). In addition, a greater focus of light to the
distant focal point reduces the defocused near light with its
subsequent visual phenomena of glare and halos.” This is
achieved by a gradual reduction in diffractive step heights
from center to periphery, and a subsequent distance-dominant
lens for large pupils.!!

EROV or extended depth of focus (EDOF) IOLs: The
Symfony IOL (Tecnis, Abbott Medical Optics Inc., Johnson
and Johnson vision) combines a unique diffractive pattern
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with achromatic technology and a proprietary echelette design
resulting in an elongated depth of focus.

Trifocal IOLs with three focal points have been introduced to
overcome the limitations associated with prior bifocal models.®!
The additional intermediate focus provides superior quality of
vision for intermediate activities.

Table 1 highlights the characteristics of the commonly used
MFIOLs.

Preoperative Evaluation and Planning

The choice of the intraocular lens is determined by the patient’s
lifestyle and expectations. Excessively critical patients or those
with unrealistic expectations are not ideal for a MFIOL.!! The
ideal choice of a MFIOL is based on the patient’s visual activities
and tolerance to nighttime dysphotopsia. It is imperative to
provide adequate counseling regarding the possibility of a
loss of contrast and temporary nighttime dysphotopsia in
exchange for a broader range of vision postoperatively. In
addition, the inherent ocular anatomy and physiology should
be considered, and comorbidities which may affect the visual
outcomes should be excluded.

Corneal astigmatism

Corneal astigmatism of 1.25 D or more is prevalent in
approximately 30% of the eyes undergoing cataract surgery.”#!
Preoperative keratometry utilizing manual, automated, or
partial coherence interferometry can help determine the extent

and placement of the cylindrical power. A regular corneal
astigmatism with repeatability on various measuring devices
would serve as an ideal case for multifocal lens implantation.
Corneal topography devices such as the Pentacam (Oculus, Inc.)
and intraoperative aberrometry (Ocular Response Analyzer,
Wavetec Vision) can additionally estimate posterior corneal
astigmatism.”!

Astigmatism management is of paramount importance
for obtaining ideal postoperative results with MFIOLs.
A postoperative astigmatic error exceeding three-quarters of
a diopter results in significant decline in visual quality."” The
astigmatism can be managed concurrently by limbal relaxing
incisions or arcuate keratotomies, opposite clear corneal incisions
or the implantation of a toric IOL, the results with the former
being less predictable and prone to regression with time.!"

Corneal ablative procedures have demonstrated success
in correcting the residual refractive error. However, it is
imperative to allow adequate healing of the corneal incision
and stabilization of corneal topography before attempted
correction. In addition, ocular surface health should be
confirmed as these patients constitute an elderly population
and systemic factors such as diabetes which may interfere with
wound healing should be well controlled.!>'

Corneal and external eye disease

Preoperative evaluation and subsequent management of ocular
surface disorders such as dry eye, blepharitis, and meibomium

Table 1: Characteristics of commonly used multifocal intraocular lenses

Type of optic Optic IOL material Add at lenticular Light
diameter (mm) plane (D) distribution
ReZoom (AMO) Refractive surface 6 UV blocking +3.0 D for near Pupil dependent
hydrophobic acrylic
ReSTOR (Alcon)  Anodized anterior 6 UV blocking +3.0 D for near (SN6AD1)  Pupil dependent
diffractive surface plus hydrophobic acrylic +2.50 D for near
refractive base (SNBAD2)
Tecnis Multifocal Posterior nonapodized 6 Hydrophobic acrylic +4.0 (ZMBO00) 41% near
(AMO) diffractive surface +3.25 (ZLBO00) 41% distance
+2.75 (ZKBO00)
AT LISA 809 Posterior nonapodized 6 Hydrophilic +3.75 D for near 35% near
(Carl Zeiss) diffractive surface acrylic (25%) with 65% distance
hydrophobic surface
Tecnis Symfony Anterior aspheric with 6 UV blocking Extended depth of focus Pupil
(Johnsons and posterior achromatic Hydrophobic acrylic (ZXR00) independent
Johnsons Vision)  diffractive surface with
echelette design
AT LISA tri 839 Trifocal aspheric 6 Hydrophilic +3.33 D near add and 50% near, 20%
MP (Zeiss) diffractive acrylic (25%) with +1.66 D intermediate add intermediate,
hydrophobic surface 30% near
properties
Acrysof 1Q Inner diffractive with outer 6 UV filtering aspheric ~ +3.25 D near add and
PanOptix refractive zone hydrophobic +2.17 D intermediate add
acrylic
Acridiff (CARE Apodized diffractive 6 UV blocking +3.25 D near add 40% near, 60%
group) hydrophobic acrylic distance
Infocus Anterior: Refractive EDOF 6 UV blocking Extended depth of focus Pupil
(Supraphob) and micro diffractive optic hydrophobic acrylic independent

with aspheric posterior
surface

IOL: Intraocular lens, UV: Ultraviolet, EDOF: Extended depth of focus
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gland dysfunction greatly aids in improving visual outcomes.
Although dry eye may be considered as a postoperative
condition in previously asymptomatic individuals, in most
cases, it consists of worsening of a prior condition due to
disruption of corneal neuroarchitecture and reduced corneal
sensitivity.!"”!

Dry eye along with residual refractive error has been
reported as the most common cause of dissatisfaction in
patients with multifocal implants.['¢”!

An aggressive preoperative evaluation for ocular surface
disease and treatment in subclinical cases is mandatory.
Donnenfeld and coworkers studied the results of a 3-month
treatment regimen (1 month preoperative till 2 months’
postoperatively) with cyclosporine 0.05% on the visual
outcomes of patients implanted with MFIOLs.["]

They reported a significantly better uncorrected and corrected
visual acuity as compared to the control group (artificial tear
supplementation). Additionally, improved contrast sensitivity,
conjunctival staining, and tear film break up time was noted.

Corneal pathologies such as dystrophies, scars, and large
pterygia may influence the visual outcomes. Peripheral
or visually insignificant corneal scars are not considered a
contraindication for MFIOLs. The presence of pterygium
and subsequent excision significantly influences the corneal
astigmatism,with larger pterygia exerting a greater effect.”!
In such cases, a sequential approach of pterygium excision
followed by cataract surgery should be adopted.

Previous refractive surgery or corneal aberrations

Patients with prior refractive surgery would intuitively
constitute a large proportion of the candidates opting for
multifocal implants, due to their desire to be free from
spectacles from the very beginning. However, highly aberrated
corneas such as keratoconus or prior refractive surgery are
associated with a decreased contrast sensitivity, which in
turn would experience a further deterioration following
a multifocal implant. Intolerable dysphotopsia following
diffractive MFIOLs has been reported with an anterior corneal
coma >0.32 um.®*

Limited studies are available on the visual results of
MFIOLs in eyes with previous refractive surgery. Alfonso
et al. compared visual outcomes following the implantation
of hybrid refractive-diffractive multifocal lenses with aspheric
monofocal IOLs in 80 eyes with prior laser vision correction.?!
The multifocal group demonstrated lower best corrected visual
acuity (BDVA) under photopic conditions with glare or low
contrast and mesopic conditions at all levels of contrast. The
authors concluded that the aspheric nature of the monofocal
implant compensated somewhat for the increased spherical
aberrations after myopic laser in situ keratomileusis (LASIK).

Similar results were noted while comparing the visual
function in eyes implanted with the ReSTOR SN60D3 IOL
versus phakic eyes after hyperopic LASIK.*?! Fernandez-Vega
et al. published their data demonstrating a loss of one or more
lines of BDVA in 27.82% (6 eyes) in the multifocal group versus
3.84% (1 eye) in the aspheric monofocal group.®!

Intraocular lens power calculation poses an additional
challenge in these eyes with less predictable outcomes

as compared to normal eyes.?*®! Muftuoglu et al. in 2010
published the results following MFIOL implantation
(ReSTOR SA60D3 and ReSTOR SN60D3) in 49 eyes that had
the previous LASIK for myopia.*! No single formula was used
uniformly for all patients. At 1 month, 32 eyes (65%) and 41
eyes (84%) had a residual spherical equivalent within +0.50D
and +1.0 D of emmetropia, respectively. Twenty eyes
underwent subsequent enhancement, highlighting the degree
of dissatisfaction following initial outcomes.

Khoramnia et al. reported a case of binocular multifocal
implantation (customized Lentis Mplus LU-313 MF3OT)
8 years following bilateral hyperopic LASIK.*”! The Haigis-L
formula was used for IOL power calculation. Three-month
postoperatively, the visual acuity improved to 0.10 and 0.00
LogMAR in the right and left eye, respectively.

Further studies are required to determine the results
of MFIOLs with aspheric profiles. Moreover, lacunae of
data regarding postoperative patient satisfaction, spectacle
independence and extent of dysphotopic symptoms need to
be addressed.

Zonular weakness

Intraocular lens decentration or tilt may affect the distribution
of light between the distant and near foci, compromising the
visual outcomes of MFIOLs. Soda and Yaguchi demonstrated
varied effects of lens decentration on visual function using
modulation transfer function, but overall the results were
clinically relevant with decentration > 0.7 mm.? Furthermore,
the impact of decentration and tilt on the optical quality is
more severe in nonrotational symmetric IOLs as compared to
refractive-diffractive [OLs.™*!

Progressive zonular weakness, haptic deformation, and
asymmetric anterior capsular opening have been reported
as causes of IOL decentration." Focal, nonprogressive
zonular dehiscence such as in a case of trauma is not
a contraindication for MFIOLs. Cases of progressive
zonulopathy would warrant the implantation of capsular
tension ring (CTR) for the stabilization of the bag, decrease
of posterior capsular folds, and reduced late capsular
contraction. Alio et al. first assessed the outcomes of CTR
with rotationally asymmetrical MFIOLs and demonstrated
improved refractive outcomes and reduced postoperative
aberrations.! Similar results were noted by Mastropasqua
in a study comparing outcomes of MFIOL implantation with
or without CTR, with reduced third order aberrations in the
former group.

Angle kappa

Angle kappa is defined as the angular distance between the
pupillary axis and the visual axis. If the angle is large the
light rays from an object fall at a greater distance from the
fovea, resulting in glare or halos. Karhanova et al. studied the
importance of angle kappa for the centration of MFIOLs in a
cohort of 52 eyes.? Temporal decentration of the IOL caused
pronounced photic phenomenon, particularly in cases with
larger angle kappa.

Similar results published in 2011 suggested angle kappa
as a contributor to photic phenomenon in eyes with refractive
multifocal implants, recommending a thorough preoperative
evaluation to avoid this complication.®!
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Retinal and optic nerve head pathologies

Macular and optic nerve head abnormalities are associated with
decreased contrast sensitivity.*"! Assessing the appropriateness
of a multifocal implant in such cases is based on the expected
progression of the disease and the efficacy of available therapy.
Preoperative ocular coherence tomography evaluation of
the macular and optic nerve head rules out subtle or occult
pathology. Automated perimetry and macular function test
are other useful adjuncts. In cases of significant or progressive
pathologies, MFIOLs are contraindicated. Furthermore,
impaired fundus evaluation during vitrectomy has been
reported in eyes with multifocal implants.©*"]

Gayton et al. demonstrated the use of multifocal implantation
as an aid for magnification in eyes with age-related macular
degeneration (ARMD).F#]

Twenty eyes received a multifocal implant (Acrysof Restor
SN60D3) targeting a spherical equivalent of —2.0D, yielding an
addition of +5.2D at the spectacle plane. All eyes maintained
or improved near vision, without a severe compromise in
distance visual acuity.

The preliminary results of the study may prove useful in
the development of high add multifocals for magnification in
eyes with ARMD.

In conclusion, a thorough preoperative evaluation and
subsequent management help optimize postoperative
outcomes.

Visual Outcomes

Comparison of multifocal intraocular lens types

Baumuller and coworkers evaluated the outcomes of bilaterally
implanted apodized diffractive versus multizonal refractive
IOLs compared to standard monofocal implants.” Totally,
229 patients with a follow-up duration of 6.6 + 1.7 years
with Array and 4.3 + 1.1 years with ReSTOR were included
in this study. Between the two multifocal groups spectacle
independence was higher and adverse visual symptoms lower
in ReSTOR patients than in Array patients (P <0.05). ReSTOR
patients reported a higher overall visual satisfaction than the
other groups (P < 0.001) and rated their vision at 8.8 + 1.8.

A meta-analysis comparing the results of refractive versus
diffractive IOLs in 2014 demonstrated greater uncorrected
distance vision in the refractive MFIOL group. !

There was no significant difference between the two groups
in uncorrected intermediate visual acuity. However, in terms of
near visual acuity the diffractive group performed better with
faster reading speed and spectacle independence. Furthermore,
glare and halo was lower.

Similar results were reported while comparing the outcomes
of diffractive (ReSTOR, Tecnis ZM 900 and Acritec twinset),
refractive (Array SA40N and ReZoom), and accommodative
IOLs (Crystalens AT 45) in twenty studies.*!! Diffractive
IOLs reported a 1.75 times greater likelihood of spectacle
independence, with the ReSTOR lens exhibiting twice as high
an incidence of freedom from spectacles as compared to other
multifocal implants.

Although successful outcomes are reported with bifocal
IOLs in terms of spectacle independence and increased quality

of life, the intended level of improvement in intermediate vision
varies. Recent literature demonstrates promising results with
trifocal IOLs (AT LISA trifocal IOL, FineVision trifocal IOL,
and Panoptix).24l

Comparative literature highlights the extended reading
range provided by three separate focal points as compared to
earlier MFIOLs, with greater spectacle independence for all
distances.*

Conversely, the presence of two out of focus images would
intuitively increase the likelihood of haloes. However, the
results demonstrated thus far show no increased incidence of
photic phenomenon.

Clinical outcomes of a novel diffractive trifocal IOL
with EDOF (Acriva Reviol Tri-ED 611) were studied
following bilateral implantation in forty patients.® The study
demonstrated a UIVA of Log MAR 0.08 + 0.12 at 1 month
and 6 months’ postoperative visit. A slight but significant
improvement in contrast sensitivity at 3 cpd (spatial frequency)
was noted. None of the patients reported the incidence of photic
phenomenon at 6 months’ follow-up visit.

Multifocal intraocular lens implantation in pediatric eyes

In contrast to the aging population pediatric cataracts enjoy
a complete range of accommodation preoperatively, making
subsequent acceptance of presbyopic aids more difficult.
Worsening of amblyopia and disruption of binocular vision
may ensue postoperatively.b? Implantation of a multifocal
implant in such cases may allow rapid visual rehabilitation
and reduced risk of amblyopia. However, the pediatric eyes are
still growing, and spectacle dependence may return following
myopic shift. Although 90% of the ocular growth is complete
within the first 2 years of life, a refractive shift as large as 4
diopters has been demonstrated in the second decade of life.[5**

In addition, a loss of contrast following multifocal implants
may lead to amblyopia. Other relevant factors to consider
include an anterior displacement of the lens iris diaphragm
due to greater posterior vitreous pressure and more aggressive
capsular fibrosis with potential IOL decentration.

The initial results of MFIOL implantation (AMO array and SA
40N) in 35 pediatric eyes with a follow-up of 27.4 +12.7 months
revealed a BDVA of 20/40 or better in 71% of eyes.” In nine
bilateral cases, spectacle dependency was moderate, with
only two children (22%) reporting the permanent use of an
additional near correction. The remaining children were either
using distance-correction only (4 patients; 44%) or no glasses
at all (3 patients; 33%). Stereopsis also improved significantly
after MFIOL implantation (P = 0.01). Complications included
pupillary obscuration requiring surgical intervention (16 eyes),
persistent fibrous membrane (4 eyes), and IOL decentration
requiring surgical intervention (6 eyes).

In another study, a 9-year follow-up of three siblings
implanted with MFIOLs (Array) for pediatric cataracts at ages
16-19 years demonstrated a refractive shift of <0.5 D in four of
the six eyes.” None of the patients reported using glasses for
routine near and distance activities.

Cristobal et al. published their data of MFIOL implantation
(Acrysof Restor) following unilateral cataract extraction in five
children between 4 and 6 years of age.” At final follow-up, the
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mean corrected distance and near visual acuity was 0.03 +0.06
logMAR and 0.10 + 0.10 logMAR, respectively. No cases of
IOL decentration were noted. The stereoacuity was 120 s of
arc (arcsec) in 2 patients, 240 arcsec in one patient, 1980 arc sec
in one patient, and nonexistent in one patient. Four patients
showed fusion on the Worth 4-dot test.

Femtosecond laser-assisted cataract surgery and multifocal
intraocular lens

Femtosecond laser in cataract surgery (FLACS) offers a greater
precision in the critical steps including anterior capsulotomy,
theoretically resulting in a more predictable effective lens
position. Additionally, laser-assisted arcuate keratotomies
aid in debulking corneal astigmatism, thereby improving
visual outcomes. Limited data are available on the results
of femtosecond cataract surgery with multifocal intraocular
implants.

Lawless et al. compared the results of 61 consecutive eyes
undergoing FLACS with ReSTOR (Alcon Laboratories Inc)
SN6ADI1 and 29 eyes undergoing manual phacoemulsification
with the same IOL implantation.”® No significant difference
was noted in the mean uncorrected or BDVA postoperatively
between the two groups. However, internal aberrations and
optical quality were not studied. Moreover, by excluding all
eyes with refractive astigmatism >1.0 D, the additional possible
benefit of femtosecond-assisted arcuate keratotomies was not
assessed.

Mihaltz et al. published similar results with no significant
differences between uncorrected and corrected distance
visual acuity between femtosecond assisted and conventional
phacoemulsification with monofocal implantation.® However,
they demonstrated significantly lower internal aberrations in
the femtosecond group with the potential advantage of superior
visual quality.

Hence, a comparison of internal aberrations following
conventional and femtosecond-assisted cataract surgery with
MFIOL implantation is an avenue that still needs exploring.
Greater studies are needed to determine whether technical
advancements such as the femtosecond laser translate into
superior optical and visual outcomes.

Postoperative Complications

Although a high level of patient satisfaction has been reported
postoperatively in numerous studies, the visual outcomes
may be limited in certain situations.®*¢!) Defective vision
attributed to ametropia or posterior capsular opacification
and dry eye are the most commonly reported causes of patient
dissatisfaction./®!¢!

Defective vision

MF IOLs inherently split the available light, resulting in greater
sensitivity to loss of contrast associated with residual refractive
error and posterior capsular opacification.

Residual refractive error may result from various factors
including inaccuracies in biometric analysis, limitations of IOL
power calculation, and errors in IOL positioning.[623]

Rehabilitation options include spectacles, contact lenses, or
surgical intervention in the form of LASIK, piggyback IOLs,
or IOL exchange.[®!

Alfonso et al. studied the results following femtosecond
LASIK for correction of residual refractive error.*! About 96.2%
of the eyes were within 0.50D of the desired refraction, with a
gain of lines of BDVA in 11 eyes. Similar results were noted in
other studies with apodized diffractive multifocal lenses. ¢!

Outcomes comparing LASIK for myopia, hyperopia, and
astigmatism following both apodized diffractive-refractive and
fully diffractive IOLs revealed similar results.[*”]

As the raised intraocular pressure during laser procedure
can distort a recently fashioned full thickness corneal incision of
cataract surgery, it is essential to wait for wound stability prior
to the LASIK procedure. Additionally, systemic conditions like
diabetes which may interfere with healing should be managed
before surface ablation.

Optic capture through the anterior capsulorrhexis has
been described as a safe and effective procedure in eyes with
a mild residual hyperopic error. Akaishi et al. demonstrated
an improvement of mean spherical equivalent from +1.09D
to +0.26D in 16 eyes with a multifocal implant (Tecnis
ZM900).181

Posterior capsular opacification (PCO) can result in visual
disturbances secondary to loss of contrast and glare. Patients
with multifocal implants are more sensitive to early PCO as
compared to monofocal implants, resulting in more frequent
Nd:YAG laser capsulotomies.®””"! Additionally, the incidence
of PCO is significantly higher with hydrophilic materials."!

However, in cases of insignificant PCO not accounting for
the extent of postoperative glare caution should be taken as
an unnecessary YAG capsulotomy will make subsequent IOL
exchange if needed difficult.

Photic phenomenon

Haloes and glare are more often reported with an MFIOL
than a monofocal implant.” Again, dysphotopsia is greater
in refractive than diffractive models.”!

A thorough preoperative counseling entails highlighting the
incidence of postoperative glare and haloes and the subsequent
resolution following neuroadaptation. Furthermore, multifocal
implantation in nighttime drivers and eyes with large scotopic
pupils should be carried out with extreme caution.

Conclusion

MFIOLs have undergone various developments in the past
decade. The advent of trifocal and EDOF IOLs may afford
superior unaided intermediate visual acuity without photic
phenomenon. Additionally, lenses with aspheric profile and
higher Abbe number offer superior outcomes by minimizing
spherical and chromatic aberrations.

A thorough preoperative planning along with advancements
in IOL technology brings us one step closer to achieving ideal
postoperative outcomes offering spectacle independence and
increased quality of life.
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