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Multifocal Intraocular Lenses:

Complications

Roberto Fernandez Buenaga and Jorge L. Alié

8.1 Introduction

Implantation of multifocal IOLs that offer full
refractive correction at all distances is the ideal
goal for cataract and lens-based refractive sur-
gery. Overall, multifocal IOLs achieve high
patient satisfaction [1, 2]. Other studies also show
a high patient satisfaction after multifocal IOLs
surgery with scores of 8.3 + 1.6 (out of 10) and
8.5 = 1.2 (out of 9), respectively [3, 4].

In a paper from our research group, we found
correlations between some clinical parameters
and the quality of life, such as driving (espe-
cially at night) and contrast sensitivity or eye-
sight quality and uncorrected distance visual
acuity [5].

In a very recent publication, an interesting
correlation between positive dysphotopsia com-
plaint and personality type was found. In this
study, 82.2% of the patients would opt for a mul-
tifocal IOL again, 3.7% would not, and 14.1%
were uncertain. Overall satisfaction with the
procedure was correlated to low astigmatism,
good visual performance, low halos and glare
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perception, and low spectacle dependence. The
personality characteristics of compulsive check-
ing, orderliness, competence, and dutifulness
were statistically significantly associated with
subjective disturbance by glare and halos [6].

Multifocal IOL explantation represents the
main failure of the intended surgery. It is always
disappointing for both patient and surgeon.
Furthermore, IOL explantation surgery is not
always easy to be performed, and it is not exempt
from new complications. Because of all these
reasons, multifocal IOL explantation should be
only performed when there is no other alternative
and all the causes leading to patient dissatisfac-
tion have been properly ruled out.

Thus, it is essential for the multifocal IOL sur-
geon to know and to investigate the main causes
leading to patient dissatisfaction after cataract
surgery because, in most of the cases, the situa-
tion can be successfully managed with no need of
new intraocular surgeries.

In this chapter, we will review the main rea-
sons for patient unhappiness after multifocal
implantation surgery, and we will show the
strategies to manage each situation. We will
also describe the multifocal IOL explantation
incidence and recommendations. Instructions
for the IOL explantation surgery will be also
given.
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8.2  Prevention
Patient selection is a key factor in multifocal IOL
surgery success. Two different aspects should be
considered. First, patient expectations should
match the outcome that will be achieved with
multifocal IOL. In addition, some personalities
are more likely to tolerate the multifocal IOL pit-
falls than others; therefore, patient personality
should be analyzed too. Second, a thorough eye
examination is mandatory in order to rule out
conditions that may affect the multifocal IOL
performance such as binocularity issues, optic
nerve or macular disorders, amblyopia, etc.
Multifocal IOL type selection is the other key
factor for success. There are many different mul-
tifocal IOL models and designs. It is therefore
very important to investigate the lifestyle of each
patient to have an overview of the most common
visual demands in order to choose the IOL design
that is more likely to satisfy those demands.
These aspects regarding preoperative consid-
erations are discussed in greater detail in the spe-
cific chapter.

8.3 Reasons for Patient
Dissatisfaction
8.3.1 Blurred Vision

Blurred vision is the leading cause of dissatis-
faction among patients with multifocal IOLs
[7]. Woodward, Randleman, and Stulting
reported that blurred vision was the main com-
plaint in 30 patients (41 eyes), out of 32 patients
(43 eyes). Fifteen patients (18 eyes) reported
photic phenomena, and 13 patients (16 eyes)
reported both blurred vision and photic phenom-
ena. The etiology of blurred vision was attrib-
uted to ametropia and PCO in the majority of
cases. Despite overall success with less invasive
interventions, 7% of eyes required IOL exchange
to resolve symptoms [7].

In a different study focused on the same issue,
blurred vision (with or without photic phenome-
non) was reported in 72 eyes (94.7%) and photic
phenomena (with or without blurred vision) in 29

eyes (38.2%). Both symptoms were present in 25
eyes (32.9%). Residual ametropia and astigma-
tism, posterior capsule opacification, and a large
pupil were the three most significant etiologies.
Intraocular lens exchange was performed in three
cases (4.0%) [8].

Dissatisfaction after multifocal IOL implan-
tation is reported by patients who do not achieve
the desired visual goals, have limited sharpness
of vision, or have new visual aberrations. A
Cochrane review about multifocal IOLs found
that photic phenomena are 3.5 times more
likely with multifocal IOLs than with monofo-
cal IOLs [9].

Most of the times, there is an identifiable rea-
son. In a publication mentioned above, it was
shown that causes of blurred vision included
ametropia (29% of cases), dry eye (15%), poste-
rior capsule opacification (PCO) (54%), and
unexplained etiology (2%). Regarding the photic
phenomena, its causes included IOL decentration
(12%), retained lens fragment (6%), PCO (66%),
dry eye (2%), and unknown etiology (2%). In this
paper, the authors achieved an improvement in
81% of eyes with conservative treatment [7]. In a
similar study, 84.2% of eyes were amenable to
therapy, with refractive surgery, spectacles, and
laser capsulotomy as the most frequent treatment
modalities [8].

In a very recent paper over more than 9300
eyes implanted with a multifocal IOL, patient
satisfaction was very high: 93.8% of the patients
reported to be satisfied or very satisfied, while
only 1.7% of the patients were dissatisfied or
very dissatisfied [10].

8.3.2 0L Decentration

Several clinical studies have determined the
decentration of IOLs after cataract surgery [11-
21]. In general, the mean decentration (after
uneventful cataract surgery) in the studies is
0.30 = 0.16 mm (range 0-1.09 mm). When a
multifocal IOL is displaced from its center, it
may lose its ability to achieve optimal optical
properties thus decreasing the visual function
(Fig. 8.1). There are three main factors that
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Fig. 8.1 This picture
shows a diffractive IOL
decentered nasally

determine how visual function is affected by
IOL decentration:

e The degree of decentration
e The IOL design
e Pupil size

In a recent study of four different multifocal
IOL models (two diffractive and two refractive),
performance was studied at increasing degrees of
decentration in an eye model with a 3 mm pupil.
For the ReSTOR (+4), the near MTF (modulation
transfer function) deteriorates with increasing
degrees of decentration, while the far MTF tends to
improve. This is explained by the specific design
of this IOL with a monofocal design in its periph-
eral part. In other IOL models like the ZM900, the
entire optical surface has a diffraction structure;
therefore a slight decrease in both far and near
MTF starting at decentrations of 0.75 mm was
observed. For the refractive models (ReZoom and
SFX-MV1), even when the decentration was
1 mm, the near MTF did not change; however, the
far MTF decreased starting at decentrations of 0.75
and 1 mm, respectively. In conclusion, the MTFs
and near images are affected, but clinical relevant
effects are not to be expected up to a decentration
of 0.75 mm using this eye model with a 3 mm
pupil and the previously mentioned IOLs [22].

In a different study comparing refractive mul-
tifocal and monofocal IOL performance depend-
ing on the pupil size and decentration, it was
found that in the multifocal group, smaller pupils
correlated with worse near visual acuity, while
decentration was significantly correlated with
worse distance and intermediate visual acuity.
However, in the monofocal group, pupil size and
IOL decentration did not affect the final visual
acuity [23].

It has been also shown by other authors that
the more sophisticated the IOL is, the more sensi-
tive to decentration it is. In a paper comparing
aberration-correcting, aberration-free, and spher-
ical IOLs, after decentration, the performance of
the IOL was more affected in the aberration-
correcting group followed by the aberration-free
IOLs, while the spherical IOLs were not affected
by decentration at all [24].

Another interesting consideration is the Kappa
angle. Although it is not very common, some
patients may have a large Kappa angle. It should
be suspected and checked in every patient with a
perfectly pupil-centered multifocal IOL but with
poor vision complaint [25].

The main symptoms when multifocal IOL
decentration occurs are the photic phenomena
including glare and halo. A suboptimal visual
acuity is also detected in these cases.
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Management The first important message is
that multifocal IOL decentration that occurs after
an uneventful cataract surgery can be managed
without IOL explantation in the majority of the
cases. We advocate performing Argon laser irido-
plasty as the treatment of choice. The Argon laser
settings for the iridoplasty are 0.5 s, 500 mW, and
500 pm. Other authors have also recommended
this approach (E.D. Donnenfeld, MD, et al.,
“Argon Laser Iridoplasty to Improve Visual
Function After Multifocal IOL Implantation,”
presented at the ASCRS Symposium on Cataract,
Intraocular Lens and Refractive Surgery,
Chicago, Illinois, USA, April 2008). Obviously,
this is a valid strategy only in cases with pupil-
decentered IOLs but not when the problem is a
large Kappa angle. As discussed before, a large
Kappa angle is an important contributor to the
photic phenomenon. This cannot be solved after
the surgery (except by means of an explantation);
thus it is very important to study the Kappa angle
prior to the surgery, and those patients with large
angle should be excluded from multifocal sur-
gery [26, 27].

e

3

8.3.3 IOLTilt

The material and biocompatibility of the haptics
have been shown to play a role in IOL centration
[28, 29]. Hydrophilic IOLs have several advan-
tages because of its pliable and scratch resistance
nature that allows to implant these IOLs through
small corneal incisions. However, this malleable
material may be a major drawback if capsular
bag contraction develops. The combination of
hydrophilic material with soft C-loop haptics
may facilitate IOL decentration and tilt when
capsule bag contraction starts to develop.
Rotationally asymmetric refractive IOLs are sen-
sitive to decentration and tilt because of their
inherent design characteristics [30, 32].

As a research group, we have several publica-
tions on this issue especially regarding our expe-
rience with the Oculentis Mplus IOL [31, 33].
There were two different versions of the Lentis
Mplus: the LS-312 and the LS-313. The former
one was the first to be marketed, and it had a
C-loop design, while the latter is the current one
and has a plate-haptic design (Fig. 8.2).

-

—
-

Fig. 8.2 C-loop design (LS-312) on the left and plate-haptic design (LS-313) on the right
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Fig. 8.4 Mean (+SD) postoperative intraocular aberra-
tions with a 5.0 mm pupil (second coma, secondary coma;
HOA higher-order aberration, IOL intraocular lens, PSA

Our research group published the first paper
evaluating this IOL performance in vivo and
comparing it with a monofocal spherical IOL
[31]. We found that the Lentis Mplus LS-312
effectively restored the near visual acuity with
also very good levels of intermediate vision
showing a very good defocus curve (Fig. 8.3). It
was discussed in this manuscript that it is intrin-
sic to this IOL design to induce primary vertical

primary spherical aberration, RMS root mean square,
SSA secondary spherical aberration)

coma, and this could be related to the increased
depth of focus found in this group of eyes.
However, primary coma, especially in larger
amounts, has a very negative impact on visual
acuity because it induces optical blur.
Furthermore, in this study, the multifocal IOL
group had larger amounts of intraocular tilt
(Fig. 8.4). This suggested that the Lentis Mplus
LS-312 might be tilted and perhaps decentered in
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the capsular bag in a significant number of cases.
We found a strong and significant correlation
between IOL tilt and increased primary coma.
Although, as previously commented, primary
coma could have a positive effect on the depth of
focus, large amounts of this aberration due to the
IOL tilting caused significant degradation of the
retinal image. Therefore, the near vision out-
comes seemed to be significantly limited by the
increase of primary coma in cases of IOL tilt.

Capsular tension rings (CTR) have been
shown to inhibit posterior capsule opacification
[34], play a role in the stability and positioning of
IOLs [35], and prevent IOL movements caused
by capsular bag contraction [36-38].

Based on the outcomes showed in the previous
paper, we decided to conduct another study to
ascertain whether the use of a capsular tension
ring positively affects the refractive and visual
outcomes as well as the intraocular optical qual-
ity of eyes implanted with the rotationally asym-
metric multifocal Lentis Mplus LS-312 IOL
(Oculentis GmbH, Berlin, Germany). We com-
pared two different groups of patients, one group
with the Mplus LS-312 plus CTR and the second
group implanted without CTR. It was found that
refractive predictability and intermediate visual

Defocus (D)
05 0

25 -2 -15 -1

outcomes with the Lentis Mplus LS-312 IOL
improved significantly when implanted in combi-
nation with a capsular tension ring. However, no
significant differences were observed in the opti-
cal quality analysis between groups [33].

Due to all these inconveniences discussed
above, Oculentis GmbH, Berlin, Germany,
decided to introduce a new plate-haptic design
for the Mplus IOL, the LS-313, in an attempt to
achieve a greater IOL stability when capsular bag
contracts. We conducted another study to check
whether that purpose was achieved with the new
design [32]. Significantly better visual acuities
were present in the C-loop haptic with CTR
group for the defocus levels of —2.0, —1.5, —1.0,
and — 0.50 D (P = 0.03) (Fig. 8.5). Statistically
significant differences among groups were found
in total intraocular root mean square (RMS),
high-order intraocular RMS, and intraocular
coma-like RMS aberrations (P = 0.04), with
lower values from the plate-haptic group
(Fig. 8.6). However, it is interesting to notice that
when we analyzed the intraocular tilt aberrations,
no significant differences between groups were
detected. Thus, our findings indicate that it is
unclear which IOL haptic design allows more
effective control of IOL tilting.

-e— GROUP A

- GROUP B

VA (LogMAR)
o o o
BN w

1

—4— GROUP C

0.8

Fig. 8.5 Mean defocus curve in the three groups of eyes
analyzed: group A, eyes implanted with the C-loop haptic
design of the refractive rotationally asymmetric multifo-
cal intraocular lens (MIOL) without using a capsular ten-
sion ring (CTR) (green line); group B, eyes implanted

with the C-loop haptic design of the refractive rotationally
asymmetric MIOL using a CTR (pink line); and group C,
eyes implanted with the plate-haptic design of the refrac-
tive rotationally asymmetric MIOL (orange line)
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Fig. 8.6 Postoperative intraocular aberrations in the
three groups of eyes analyzed: group A, eyes implanted
with the C-loop haptic design of the refractive rotation-
ally asymmetric multifocal intraocular lens (MIOL)
without using a capsular tension ring (CTR) (green bars);
group B, eyes implanted with the C-loop haptic design of
the refractive rotationally asymmetric MIOL using a
CTR (pink bars); and group C eyes implanted with the

To summarize, IOL tilt due to capsular bag
contraction is more prone to occur in lenses made
of soft materials especially in combination with
C-loop haptics. IOL tilt determines increased
high-order optical aberrations; thus poorer opti-
cal quality and limited performance also related
to a worse refractive predictability. IOL tilt
should be prevented using robust IOL designs
resistant to the normally occurring capsular bag
scarring.

We advocate to implant capsular tension rings
in every multifocal IOL surgery, and there are
two different justifications for this: first, because
it helps to avoid IOL decentration in the long
term due to the capsular bag scarring and, sec-
ond, because it makes much easier to perform an
eventual IOL explantation surgery.

8.3.4 Inadequate Pupil Size

Postsurgical pupil size is a very important
parameter that definitely determines the IOL

plate-haptic design of the refractive rotationally asym-
metric MIOL (orange bars). RMS values (in microme-
ters) and standard deviation of total, higher order, tilt,
and spherical-like and coma-like aberrations. In addition,
the primary spherical aberration is also reported with its
sign. RMS root mean square, HO higher order, PSA pri-
mary spherical aberration, SSA secondary spherical
aberration

performance. The main challenge regarding this
issue is that it is very difficult to predict the pupil
size that will be found after the surgery because it
usually changes in comparison with the preoper-
ative measurements. Thus, a very small pupil
after the surgery will limit the near vision perfor-
mance of most of the multifocal lenses, espe-
cially the refractive ones because diffractive IOLs
are more pupil-independent. On the other hand,
large postoperative pupils are associated with
increased photic phenomena referred by the
patients.

Visual acuity correlates with pupil size; a
larger pupil permits greater use of the multifocal
IOL optic with zonal models and improved con-
trast sensitivity with diffractive models [23, 39].

Management

— In patients with poor near vision outcomes
due to very small pupils, we advocate to use
cyclopentolate to enlarge the pupil; if a clear
improvement is noticed, the patient may keep
using the cyclopentolate as described by other
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authors [7], or an 360° Argon iridoplasty
(0.5 s, 500 mW and 500 pm) might be
considered.

— The other side of the spectrum is comprised of
patients with too large pupils who complain of
increased photic phenomena. In these cases,
brimonidine tartrate 0.2% to decrease mydria-
sis at night is a classical solution in refractive
surgery that has been also recommended by
other authors [7, 40, 41]. It decreases the pupil
size, thus improving the photic phenomena at
night.

8.3.5 Residual Refractive Error

As multifocal IOLs are more sophisticated lenses,
they are also more sensitive to any residual
refractive error.

Despite new advances in cataract surgery,
unsatisfactory visual outcomes as a result of a
residual refractive error occasionally occur. In a
report analyzing refractive data from more than
17,000 eyes after cataract surgery, it was shown
that emmetropia was only reached in 55% of eyes
planned for that goal [42]. These outcomes high-
light that refractive error after cataract surgery is
an important issue.

Postoperative refractive errors may be due to
different causes, such as inaccuracies in the bio-
metric analysis [43—45], inadequate selection of
the IOL power, limitations of the calculation for-
mulas especially in the extreme ametropia, or
IOL positional errors [46].

Previous studies have shown good efficacy,
predictability, and safety for myopic and hyper-
opic laser in situ keratomileusis (LASIK) and
photorefractive keratectomy (PRK) enhance-
ments after cataract surgery [47-53]. Lens-based
procedures are also useful alternatives to consider
[54, 55]. It should be noticed that some surgeons
do not have excimer laser in their centers; thus
lens procedures become the only possible option
in these cases. We conducted a study which its
aim was to present and compare the results

assessing the efficacy, predictability, and safety
of three different procedures to correct residual
refractive error after cataract surgery: LASIK,
IOL exchange, and piggyback lens implantation.
Although this study only included monofocal
IOLs, the outcomes could be extrapolated to mul-
tifocal IOLs. The results of this study showed that
the three procedures were effective, but LASIK
achieved the highest efficacy index, the best pre-
dictability with 100% of the eyes within 1 diop-
ters of final spherical equivalent, and 92.85% of
eyes showed a final SE within +0.50D (Figs. 8.7
and 8.8). The LASIK also showed lower risk of
losing lines of corrected vision compared with
the other two procedures [56].

Regarding laser enhancement after multifocal
IOL implantation, some authors have reported
improvement in distance vision with limited
effect on photic phenomena after PRK re-
treatments in patients implanted with refractive
multifocal IOLs [48], while others have reported
excellent predictability in patients implanted
with apodized diffractive/refractive and diffrac-
tive IOLs [47, 57].

In other study performed by our research
group, we evaluated efficacy, predictability, and
safety of LASIK to correct residual refractive
errors following cataract surgery, comparing the
outcomes of patients implanted with multifocal
and monofocal IOLs. We found that laser in situ
keratomileusis refinement after cataract surgery
with monofocal IOL implantation provides a
more accurate refractive outcome than after mul-
tifocal IOL implantation. Predictability of LASIK
correction is limited in hyperopic eyes implanted
with multifocal IOLs (Figs. 8.9, 8.10, 8.11, and
8.12) [53].

In summary, residual refractive error is one of
the most common reasons for patient complaints
after cataract surgery with multifocal IOL
implantation. Hence, it is extremely important to
make sure prior to the cataract surgery with mul-
tifocal IOL implantation that the patient has nor-
mal topography and pachimetry that will permit a
laser enhancement in case that we need it.
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Fig.8.10 Scattergram of
attempted versus achieved
correction for the multifocal
group (50 eyes). Green circles
represent hyperopic cases,
whereas red triangles represent
myopic cases. A tendency for
undercorrection was noted in
eyes that underwent hyperopic
LASIK after multifocal IOL
implantation. Dashed lines
represent £0.50 D from the 1:1
line
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8.3.6 Posterior Capsule
Opacification

The most common long-term complication of
IOLs implanted is posterior capsule opacification
(PCO) [58-60]. Patients with PCO complain of
decreased visual acuity, contrast sensitivity, and
increased photic phenomena like glare. The treat-
ment is fast and safe using the Nd:YAG laser.
However, although rarely, there may be some asso-
ciated complications like optic IOL damage, intra-
ocular pressure rise, cystoid macular edema, and
retinal detachment increasedrisk [61]. Furthermore,
the procedure has a noticeable economical impact
(250 millions of dollars/per year in the USA).

A Cochrane review [62] showed significantly
higher PCO rates after hydrogel IOL implanta-
tion than after implantation of IOLs of other
materials, significantly lower PCO rates with
sharp posterior optic edge IOLs than with round-
edged IOLs, no difference between 1-piece and
3-piece IOLs, lower PCO rates with IOLs placed
in the capsular bag than in the sulcus, and lower
PCO rates in eyes with a small capsulorhexis
than with a large capsulorhexis.

PCO is especially important in multifocal
IOLs because due to more sophisticated design
and the higher visual demands, these lenses
might be more sensitive to PCO than the monofo-
cal ones. Indeed, in a study comparing the fre-
quency of posterior capsulotomies in patients
receiving a multifocal or monofocal intraocular
lens (IOL) of a similar design, it was shown that
the use of multifocal IOLs in clinical practice
may result in more frequent Nd: YAG laser capsu-
lotomies. After average 22-month postoperative
follow-up (range: 2—41 months), 15.49% of eyes
in the multifocal group underwent posterior cap-
sulotomies compared to 5.82% of eyes in the
monofocal group [63].

The main complaints in patients with multifo-
cal IOLs implanted and PCO are blurred vision
and increased photic phenomena [7]. In fact, in
this study, blurred vision and photic phenomena
were attributed to PCO in 54% and 66% of eyes,
respectively.

Other authors have studied the capsulotomy
rate after the implantation of different multifocal

IOL models to see if there is a difference in this
rate related to the IOL material or design. The
authors compared a hydrophobic lens (AcrySof
ReSTOR) with a hydrophilic IOL (Acri.LISA),
and they found that 24 months after the surgery,
the capsulotomy rates were 8.8% in the hydro-
phobic group and 37.2% in the hydrophilic group
(P <0.0001). Eyes in the hydrophilic group had a
4.50-fold (2.28 versus 8.91) higher risk for
Nd:YAG laser capsulotomy (P < 0.0001) [64].

In another paper, the authors conducted a
comparison between two trifocal IOLs (the
FineVision MicroF (PhysIOL, Liege, Belgium)
or AT Lisa tri 839MP (Carl Zeiss Meditec, Jena,
Germany) implanted in over 5.000 eyes. The
probability of having a YAG capsulotomy was
equal up to 9 months after the surgery. However,
beyond this point, the incidence was higher for
the AT Lisa tri with 35% at 34-44 months com-
pared with 14% at 37-47 months for the
FineVision [65].

Management 1t is evident that the best treatment
to resolve a PCO is Nd:YAG laser capsulotomy.
However, we encourage surgeons to reserve
Nd:YAG capsulotomy until all other causes of
patient complaints are treated or ruled out.
Although IOL exchange is necessary in rare
cases, it is significantly more challenging and
associated with a higher risk of complications
when the posterior capsule has been previously
opened. Surgeons should be especially aware of
patient complaints arising from elements intrin-
sic to IOL design, which should generate com-
plaints in the immediate postoperative period
before PCO formation.

8.3.7 PhoticPhenomena and
Contrast Sensitivity

In a very recent literature review about multifo-
cal IOL benefits and side effects, photic phe-
nomena were detected as one of the most
important drawbacks after multifocal IOL
implantation [66]. Halos and glare (Fig. 8.13)
are more often reported by patients with a multi-
focal IOL than with a monofocal IOL [67, 68].
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a

Fig. 8.13 (a) Normal image is shown up on the left. (b) Image with glare is shown up on the right. (¢) Down on the

left: halos. (d) Down on the right: contrast sensitivity loss

Refractive multifocal IOLs appear to be associ-
ated with more photic phenomena than diffrac-
tive multifocal IOLs [2]. Photic phenomena are
among the most frequent reasons for dissatisfac-
tion after multifocal IOL implantation [7, 8].

Photic phenomena are also significant with
the new trifocal IOL models. In fact, there are
some studies which analyze the area of light dis-
tortion induced by trifocal IOLs in comparison
with monofocals. This area of light distortion is
almost twice bigger in trifocals when compared
with monofocals [69, 70].

Multifocal IOLs are associated with lower con-
trast sensitivity than monofocal IOLs [70], espe-
cially in mesopic conditions [71]. In a very recent
paper, it has been demonstrated that patients with
a diffractive multifocal IOL have a relevant reduc-
tion in contrast sensitivity as assessed with stan-
dard automated perimetry for size III and size V
stimuli in comparison with phakic patients and
with monofocal implanted patients [72].

An explanation for the lower contrast sensi-
tivity could be that multifocal IOLs result in

coexisting images, because the light is shared
between two (or more) different foci. Therefore,
there are two images, one sharp and one out of
focus, with the light from the latter reducing the
detectability of the former image. Diffractive
multifocal IOLs appear to be equal or superior to
refractive multifocal IOLs with respect to con-
trast sensitivity [73-75]. Although contrast sen-
sitivity in individuals with multifocal IOLs is
diminished compared with individuals with
monofocal IOLs, it is generally within the nor-
mal range of contrast in age-matched phakic
individuals [39, 71]. Indeed, in a recent paper
published by our research group, several IOL
models including two trifocal IOLs (FineVision
and AT LISA Tri 839 MP), two bifocals (Acri.
Lisa 366D and Acrysof ReSTOR SN6DI1), a
refractive IOL (Lentis Mplus LS 313), and a
monofocal IOL were compared in terms of low
mesopic contrast sensitivity. The results showed
that no differences were found among the multi-
focal IOLs studied; thus, the third focus of trifo-
cal IOLs did not negatively affect the contrast
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sensitivity. The ReSTOR SN6D1 showed worse
results that the monofocal IOL for the spatial fre-
quency of 18 cpd [76].

Management In our opinion, the photic phe-
nomena management starts before the cataract
surgery with the multifocal IOL implantation is
performed. The preoperative patient education is
very important, and the patients should be told
that they will notice glare and halos after the sur-
gery (because they are inherent to the IOL design)
although in most of the cases, the photic phenom-
ena are mild to moderate, and most of the patients
get used to it with time (neuroadaption process).
However, we do not recommend to implant mul-
tifocal IOLs in night professional drivers, even
more if the patient has a large scotopic pupil size
which will increase the perception of halos and
glare at night.

When the photic phenomena complaint is very
prominent, all the causes that may exacerbate it
(previously discussed in this chapter) have to be
ruled out.

8.3.8 DryEye

Dry eye is a multifactorial disease of the tear film
and the ocular surface that results in symptoms of
discomfort, visual disturbance, and tear-film
instability.

Dry eye and cataract formation are very com-
mon in the elderly population. In addition, cataract
surgery can induce dry eye or exacerbate pre-
existing disease. The incisions created during sur-
gery may damage the cornea’s neuro-architecture,
reduce corneal sensation, and induce dry eye dis-
ease’®. A study found a significant increase in the
incidence of dry eye in patients having cataract
surgery [78]. In another study, patients with pre-
existing dry eye had decreased tear production and
tear breakup time (TBUT) after cataract extrac-
tion, leading to ocular discomfort and irritation
[79]. Given the inherent importance of the ocular
surface and tear film to the quality of vision, dry
eye may significantly degrade visual outcomes
after multifocal IOL implantation [77].

Postoperative cataract surgery treatment may
also play a role in triggering a dry eye or exacer-
bating a pre-existing one. Therefore, in our opin-
ion, it is mandatory to use preservative-free drops
and to avoid very long and unnecessary antibiotic
prescriptions.

Management Dry eye treatment is not the pur-
pose of this chapter, but as general guidelines we
start the treatment by improving the eyelid
hygiene and using artificial tears. In more resis-
tant cases, the cyclosporine has proven to be a
very useful treatment in improving patient symp-
toms and tear breakup time and decreasing con-
junctival staining [77]. Another alternative to
consider is to implant punctal plugs, especially in
those patients with aqueous deficiency and lack
of associated inflammation. We have a very posi-
tive experience with the use of PRP (platelet-rich
plasma) drops in patients presenting with severe
dry eye. We have conducted several studies which
show that platelet-rich plasma has very good out-
comes in treating dry eye, dry eye after LASIK
surgery, corneal ulcer, and even perforated cor-
neas in its solid form [80-84].

8.4  Multifocal IOL Explantation

As previously discussed, IOL explantation is the
worst scenario possible after cataract surgery
with multifocal IOL implantation because it may
be associated with new complications and
because it means that the aim of the original sur-
gery is missed. Fortunately, it is only needed in
very few patients of those who complain. Several
studies show that the rate of multifocal IOL
exchange among dissatisfied patients is 0.85%
[10], 4% [8], and 7% [7].

In a study analyzing the main reasons for
pseudophakic IOL explantation, the failure to
neuroadapt in patients with multifocal lenses
implanted was the fourth main cause of explanta-
tion after IOL dislocation (first cause), refractive
error (second cause), and IOL opacification (third
cause) [85]. Explantation surgery is always chal-
lenging; however, explantation of a multifocal
lens is usually easier (especially with a capsular
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tension ring) than explantation due to the other
causes: first, because the decision of explantation
is made only few months after the cataract sur-
gery, hence the scarring process has not occurred
yet, and second because the ocular structures are
undamaged; therefore, the surgery is less risky. In
contrast, when performing IOL explantation due
to other causes as dislocation or IOL opacifica-
tion, the surgery is associated with more compli-
cations due to the ocular structures damage in the
former and the presence of fibrotic tissue in the
latter, especially, because in these cases the IOL
explantation is performed long time after the
original cataract surgery [86, 87].

The main issue about multifocal IOL explan-
tation is if it is worth to do it. Did the satisfaction
rate increased after the explantation surgery? Is it
associated with a high complications incidence?
Surprisingly, to date, there are only two papers
[88, 89] answering these questions.

In the first publication, Galor et al. [88] retro-
spectively studied the outcomes after refractive
IOL explantation in 12 eyes of 10 dissatisfied
patients. In contrast to the paper title, the study
comprised not only refractive IOLs: ReZoom (5
eyes), ReSTOR (4), Crystalens 4.5 (2), and
Crystalens 5.0 (1). The main symptoms before
surgery were blurry vision, glare/halos, and con-
trast sensitivity loss. The corrected and uncor-
rected distance visual acuity (CDVA and UDVA)
was 20/30 or better in all the dissatisfied patients.
The median time to IOL exchange after the initial
cataract surgery was 13.6 months, and the median
follow-up after the explantation surgery was
8.9 months. The surgical outcomes were the fol-
lowing: at 6 months UDVA was 20/30 or better in
four eyes and 20/60 or better in eight eyes.
Meanwhile, the CDVA at 6 months was 20/20 or
better in eight eyes and 20/25 or better in nine
eyes. Regarding the surgical complications, one
eye had corneal decompensation, one eye had
IOL dislocation needing another surgery to per-
form IOL sclera fixation, and one eye had steroid
response with elevated IOP. The aim of the sur-
gery was achieved in eight patients as they
noticed an improvement of their symptoms,
while the other two patients did not experience
any change.

We can extract some conclusions from this
paper. First, the symptoms leading to the explan-
tation surgery were improved in most of the
patients (8 of 10). Second, there was a refractive
worsening after the exchange surgery: prior to
the surgery all the eyes had UDVA of 20/30 or
better, while in contrast, only four eyes achieved
this result after the IOL exchange surgery. Third,
in two eyes there were severe complications such
as corneal decompensation and IOL dislocation
requiring scleral suturing having steroid response
with elevated IOP and cystoid macular edema in
the postoperative course.

The other publication is a more recent and
larger one. Kamiya et al. [89] show a retrospec-
tive study that included 50 eyes that required
multifocal IOL explantation. Of the explanted
multifocal IOLs, 84% were diffractive and 16%
were refractive. Monofocal IOLs accounted for
90% of the new implanted IOLs. The most com-
mon complaints before the explantation surgery
were waxy vision (58%), followed by glare and
halos (30%), blurred vision at far (24%), dyspho-
topsia (20%), blurred vision at near (18%), and
blurred vision at intermediate (6%).

The main objective reasons for explantation
were decreased contrast sensitivity (36%), photic
phenomena (34%), unknown origin including
neuroadaption failure (32%), and incorrect lens
power (20%).

Patient satisfaction for overall quality of
vision was graded on a scale of 1 (very dissatis-
fied) to 5 (very satisfied). After the IOL exchange
surgery, patient satisfaction was significantly
increased from 1.22 + 0.55 preoperatively to
3.78 £0.98.

The LogMAR mean preoperative UDVA and
CDVA were 0.23 + 0.27 and — 0.01 + 0.16,
respectively. Before the explantation surgery,
30% and 68% of the patients had a UDVA and
CDVA of 20/20 or better, respectively. The visual
outcomes after the explantation surgery showed
that 42% and 86% of eyes achieved UDVA and
CDVA of 20/20 or better.

Contrast sensitivity function also significantly
improved after the IOL exchange surgery. The
authors state that CDVA is not always a good
measure of patient symptoms. In this study,
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despite visual complaints, CDVA was 20/20 or
better in almost 70% of the eyes. Therefore, more
specific tests, such as contrast sensitivity mea-
surement, are needed especially in those cases
with excellent CDVA.

Regarding complications, anterior vitrectomy
was necessary in three cases (6%). The IOL was
placed in the bag in 38 eyes (76%), out of the bag
in the sulcus in 11 eyes (22%), and sulcus place-
ment with scleral suture in 1 more eye (2%).

In conclusion, this paper shows that multifo-
cal IOL explantation in dissatisfied patients is a
feasible option that significantly improved patient
satisfaction. It emphasizes the importance of per-
forming specific tests for the accurate assessment
of the visual function especially in patients with
good visual acuity who complain of poor vision.
Decreased contrast sensitivity was found in most
of these cases.

However, it is important to keep in mind that
IOL exchange is not exempt from complica-
tions. In this series, the IOL had to be placed in
the ciliary sulcus in 24% of the cases, and ante-
rior vitrectomy was performed in 6% of the
eyes.

8.4.1 IOL Explantation Techniques
There are many explantation techniques described
in the scientific literature [90-98]. In the recent
years, the interest has been focused in explanting
IOLs through small incisions (2.2-2.65 mm) in
order to avoid astigmatism induction, thus
improving the predictability associated with the
exchange procedure.

The explantation techniques can be divided
into four different types:

1. Whole lens removal. It is not currently used
because wound enlargement is needed. It is
only used in those nowadays marginal cases
of rigid PMMA pseudophakic IOL. However,
there is a publication about a surgical tech-
nique of explanting a single piece acrylic
hydrophobic lens through a 2.75 mm incision
without cutting or folding, just pulling the
lens out with toothed forceps [99].

2. Intraocular lens cutting. Intraocular lens cuts
are performed inside the eye in order to
remove the lens through a small corneal inci-
sion. This can be done in many different ways:
by bisecting the lens [90], partial bisection
[91, 92], trisecting it [97], sectorial bisection
[98], or by multiple cuts [96].

3. Intraocular lens haptic cutting. The haptics
may be cut prior to the surgery with YAG laser
[95] or at the time of the surgery with scissors
[94], thus facilitating the removal of the optic.
When the degree of fibrosis is so high that it is
not possible to release the haptics without tak-
ing risks, it is preferable to leave the haptics in
place.

4. Intraocular lens refolding. The IOL is folded
in the anterior chamber and afterward
explanted through a minimally enlarged
incision [93]. However, this technique
involves extensive manipulation and may
cause more damage to clear corneal incisions
and a 25% reduction in the endothelial cell
count.

8.5 Summary

The implantation of multifocal intraocular
lenses (MfIOLs) has a relevant importance in
the last years as treatment of pseudophakic
presbyopia [100]. After MfIOL implantation
the vast majority of cases is happy and satisfied
and does not need spectacles or contact lenses
as visual aids after the operation. However,
complications sometimes happen that influence
the quality of life and the level of patient’s sat-
isfaction. The common symptoms of dissatis-
faction with multifocal lenses are blurred vision
and photic phenomena associated with residual
ammetropia, posterior capsule opacification
(PCO), large pupil size, wavefront anomalies,
dry eye, and IOL decentration. The main rea-
sons for pseudophakic IOL explantation are the
failure to neuroadapt, IOL dislocation, residual
refractive error, and IOL opacification. To
avoid patient dissatisfaction after MfIOL
implantation is important considering the fol-
lowing recommendations in the preoperative
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visit: the patient lifestyles, perform an exhaus-
tive preoperative examination, study the biom-
etry, topography, and pupil reactivity. It is very
important to explain the patient the visual
expectation and possible postoperative compli-
cations and solutions.
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